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KNOWLEDGE TRANSFER OF THE HOLISTIC VIEW OF AIR QUALITY  

Development of a modern framework for higher education 

Pilvi Sihvonen 

University of Helsinki, 2020 

Abstract 

People are exposed to poor air quality both outdoors and indoors. Already 91 % of people 
in the world are breathing air polluted above the limit set by the World Health Organization. 
Poor air quality causes negative health effects, increases mortality and leads to harmful 
effects on the environment.  

The history of air pollution shows that the air is regarded as no one’s ‘possession’, and the 
responsibility of it is not recognized before its pollution has seriously damaged nature and 
affected people’s health. Economic growth has been considered more important than clean 
air and human welfare. On the other hand, fast changes towards better air are possible, but 
they require public action and strong coordinated efforts of policymakers.  

People demand better air, but are influenced by confusing common opinions and 
contradictory public argumentation. Education provides possibilities for gaining new 
knowledge and shaping the cognitive schemas and behavior of people. Therefore, the 
research-based air quality education would be a key tool of knowledge transfer aiming at 
the necessary change of human behavior in the air quality issue. 

The main aim of this study is to contribute towards better air quality by investigating and 
improving knowledge transfer of people’s holistic view of air quality in higher education. 
To facilitate the achievement of the aim, the research bridges educational and air quality 
knowledge in the development of Modern Educational Design Framework (MEDF) for air 
quality education. The process of developing this framework also produced information on 
which issues should be considered in building people’s holistic view of air quality. In 
addition, it produced information on those pedagogical principles that are applicable in the 
teaching of air quality.  

This research was carried out with the Design Based Research (DBR) methodology. It 
consists of three main phases: (1) build-up of a holistic view of air quality, (2) study of 
appropriate elements of successful knowledge transfer, and (3) a study of air quality in 
practice. The framework was developed in continuous interaction between all the 
counterparts involved.  

The empirical part of this research was carried out in a multidisciplinary and multicultural 
Air Quality in a Changing World course. The course belonged to the international Master's 
Programme of Atmospheric Sciences at the University of Helsinki. Both the students who 
represent future experts and researchers who work as educators need appropriate knowledge 
and skills on air quality and teaching of the subject. In addition, the multi- and 
interdisciplinary characteristic of the air quality subject makes building a holistic view 
necessary. 



The results show that, in addition to knowledge and awareness of air quality and its impacts, 
people need to feel ownership of the air and self-interest to understand their responsibility 
for the condition of the air and environment in order to change their behavior. Understanding 
how our actions assist improvement of air quality, gives people a feeling of empowerment 
in front of the problems.   

To reach cleaner air, it is important, in addition to consideration of differences in processes 
and patterns of the natural environment, to better understand the regional cultural factors 
behind the different social and individual manners of behavior related to air pollution. 

The results indicate that there are seven main considerations needed to enhance the creation 
of the structured and aligned educational settings for air quality education, and to support 
learning:  

1. It is important to understand the development of air quality in the internal dynamics and 
interplay of the social, scientific and technological process in both history and the 
present 

2. It is important to understand the structure and dynamics of systematic knowledge 
building 

3. The scientific communities need to develop interdisciplinary collaboration and skills 
4. The educators should create an active and multi-form learning environment  
5. The educators should take notice of the significance of linguistic aspects in all activities 
6. The educators need an awareness of students’ pre-knowledge and background 
7. The organizer should consider that planning and implementing interdisciplinary 

education requires more resources, such as funding and time, than traditional one  

Future research is necessary to identify the factors that influence the development of 
ownership and self-interest in air quality issues and how education can enhance it. More 
research into interdisciplinarity and knowledge building in multi- and interdisciplinary 
educational settings should be conducted. 

 

Keywords: air quality, air pollution, education, knowledge transfer, knowledge building, 
interdisciplinary, multidisciplinary, multicultural, design, Design Based Research, holistic 
view 
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1 Introduction 

Air quality is of great significance for human welfare and environment.  The term air quality 
refers to the condition of air around us.  Good air quality means clean, clear and unpolluted 
air. Poor air quality is caused by pollution, resulting from both human activities and natural 
processes (Godish, Davis, & Fu, 2014). People’s exposure to air pollution in both outdoor 
and indoor environments seriously affects human health (WHO, 2014a). Polluted air has 
harmful effects on soil and water, crops and other vegetation, built environments, animals 
and other wildlife, visibility and climate (EPA, 2018g). Besides the medical and 
environmental impact, air pollution has significant consequences to economics, for instance, 
due to increased health expenditures, lower labor productivity and lower agricultural crop 
yields (OECD, 2016). Poor air quality also has a socio-cultural dimension. For instance, the 
International Olympic Committee chose China to host the Olympic Games of 2008, only 
after China had presented definite plans to provide cleaner air for Beijing (Yang & Xu, 
2014). Therefore, air quality correlates with social and cultural environments, and to the 
related behavior, in addition to the obvious physical, chemical and biological ones.  

The air quality situation in the world, especially in urban areas, such as megacities, is 
alarmingly poor. Despite various actions and enhancements in air quality issues around the 
world, air quality stays too poor in many locations. (Krzyzanowski et al., 2014.) High 
mortality, premature deaths and various diseases caused by poor air quality occur especially 
in low- and middle-income countries (WHO, 2014a; WHO 2018a). In addition, the burden 
of air pollution is unequally distributed even in those areas; women and children suffer most, 
mainly due to high involvement in daily cooking (WHO, 2014a). More effective actions are 
necessary to reduce air pollution and its harmful impacts.  

According to the three main theories of learning, constructivism, behaviorism and 
cognitivism, the main purpose of education is to provide opportunities for learners to 
construct knowledge through their own personal experiences and interaction with the 
outside world, to shape behavior, or to make knowledge meaningful and help learners in 
organizing new information in their cognitive schemas (Agarhar, 2019). These all are 
needed in effective air quality education. In addition, the research-based knowledge and 
skills of great environmental challenges should be transferred, directly or indirectly, to the 
wider audience, such as students, the public, media and policymakers to promote solutions 
(Kulmala et al., 2015; Kulmala, 2015; 2018). Therefore, by focusing on the teaching and 
learning processes, what and how to teach, and finding out of why and whom to educate, in 
air quality, are necessary in the endeavor towards cleaner air. 

The main aim of the research is to contribute towards better air quality by investigating and 
improving the knowledge transfer of the holistic view of air quality in a higher education 
setting. 
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The need and motivation of the research to investigate the knowledge transfer of air quality 
and especially to develop air quality education are based on the following findings:  

1. The high mortality and the burden of diseases caused by air pollution 
2. The lack of air quality education research, which bridges educational theories, 

experience, practice and air quality science and expertise together  
3. The vision of experts, such as members of the UNESCO Conference, PEEX program 

and Expert Workshop of Nanjing, which emphasizes that the knowledge transfer and 
environmental education make an important contribution in solving environmental 
problems 

To facilitate the achievement of the main aim, this research develops the educational design 
framework (MEDF) for air quality education, which can be further adapted and applied, as 
a practical tool, for designing and improving education also in other contexts. In addition, 
testing and evaluating the design in a curriculum development process of the Air Quality in 
a Changing World- course, aims to produce information about the success of the framework 
and suggestions for the improvements.  The course was a part of an international Master's 
Programme in Atmospheric Sciences, in the University of Helsinki.  The division was 
reorganized, in 2018, under the Faculty of Science, and Faculty of Agriculture and Forestry, 
under the name INAR (Institute for Atmospheric and Earth System Research). 

The research was carried out by the Design Based Research methodology (DBR) (e.g. 
Edelson, 2002). The DBR aims to increase the understanding of how, when, and why 
educational innovations support effective learning (Baumgartner et al., 2003). It is seen to 
be useful in complex educational problems that are dealt with in a holistic way (Bakker & 
Van Eerde, 2013, and the references therein). The main characteristic of the methodology 
is that it engages the researchers and experts into practice. Therefore, the researchers and 
experts get an immediate response of usefulness of the theories they have designed and 
tested together with practitioners. As collaboration and learning from each other are 
essential in the multidisciplinary and multicultural field of air quality, and the need to 
deepen understanding of air quality requires the holistic view, the methodology was seen to 
be appropriate for this research. 

According to Edelson (2002), the DBR methodology aims to develop theories, designs, 
design frameworks and methodologies for a particular context. However, Edelson (2002) 
addresses that new knowledge should be generalized and useful in other contexts too.  

The following research questions are set as guidelines to fulfil the main aim of the research: 

1. What kind of educational design framework increases knowledge transfer of air 
quality, and can be further adapted and applied, as a practical tool, for designing and 
improving education in other contexts too? 

2. What new knowledge does the development of the framework of course pedagogy 
and educational principles produce for air quality education?  
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3. What new information does the building of knowledge structure of air quality 
provide for knowledge transfer? 
3.1.What knowledge do the development of the internal dynamics and interplay of 

the social, scientific and technological process of air quality, in both history and 
present, provide for air quality education?  

3.2.What kind of new knowledge and skills does the bridging of different subject 
areas of air quality and related issues produce for air quality education? 

In addition, the research aims to provide new knowledge of the usefulness of the DBR 
methodology in air quality context. It is assumed that most results of this study can be 
generalized to other environmental education contexts.  

The research was originated in the educational program called Air Quality in a Changing 
World, which was founded in 2014 in the division of atmospheric sciences in cooperation 
with the Palmenia Centre for Continuing Education. The members of the program had 
expertise in various fields: atmospheric sciences, forestry, education, environmental 
sciences and policy, and economics. The main aim of the program was to develop a research-
based curriculum, which gives support in solving air pollution problems. 

My role as the researcher was to work as an expert of teaching and learning, and to conduct 
this research.  Simultaneously, I studied courses of atmospheric sciences. Altogether I have 
over 20 years of experience in teaching of physical sciences in upper secondary school, in 
upper level of comprehensive school and in secondary school for adults. I have also taught 
physics for elementary school teachers in continuing education.  The members of the 
program were strongly involved in the research process, especially in the course planning 
and implementation.  The roles and tasks of the program members are described in more 
detail in the empirical phase, in Chapter 4.1.  

The research process was performed in co-operation with the Faculty of Educational 
Sciences of the University of Helsinki. In addition, the expert workshop held in China 
produced a substantial amount of relevant pre-knowledge for course development and for 
this study. The Program members arranged the workshop in co-operation with the School 
of Atmospheric Sciences of Nanjing University, in China. It is important to consider that 
China had a special role in education, because China has a large influence on air pollution 
matters worldwide.   

It is also important to notice that the subject of air quality bridges many fields of research 
together. Therefore, multi- and interdisciplinarity are characteristics of air quality 
knowledge and of this study. This characteristic means that it is essential to enhance people's 
understanding of the holistic view of air quality in order to contribute towards knowledge 
transfer and better air. 

The interdisciplinary and multidisciplinary characteristics make the knowledge building of 
air quality challenging. In addition, the interdisciplinary characteristic sets limitations to this 
study. For instance, I was not able to focus on each subject in its every detail. 
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Interdisciplinary research has to balance and make choices between the traditions of 
different disciplines in academic writing. For instance, disciplines can use different formats 
and styles, and citations and documentation systems to acknowledge research sources in 
academic journals and books (Kirszner & Mandel, 2016).   

It is good that the reader notices that the purpose of this study is not only to provide 
knowledge of air quality and air quality education for a certain community, but rather it aims 
to reach a wider scientific community. In addition, the use of APA style in citations and 
references should be noticed (APA, 2020). Moreover, bridging the knowledge between the 
different subject areas requires modern tools and new thinking in research, educational 
planning, teaching and learning (e.g. Hollmén, 2015; Holt et al., 2017). 

According to a study by Zoller (2012), meaningful interdisciplinary education increases 
students’ higher-order cognitive skills. These skills promote critical system thinking, 
problem solving and decision-making. Furthermore, the students are able to apply the 
acquired skills and practices into complex problems and make decisions that enhance 
societies’ sustainability.   

The concept environmental education is used in this study, instead of the concept 
sustainable education. Sustainability is a holistic approach where ecological, social and 
economic dimensions are considered together (UN, 1987).  It focuses on the “development 
that meets the needs of the present without compromising the ability of future generations 
to meet their own needs” (UN, 2013). This study also considers social and cultural aspects, 
in addition to scientific and technological aspects in air quality issues. However, it does not 
discuss, for instance, the balance of consumption of Earth's natural resources, solutions to 
problems and about people’s needs of financial and social resources, as sustainable approach 
does (UN, 1987).  Environmental education also highlights the meaning of the holistic 
examinations and aspects of environmental phenomena (UNESCO, 1977). However, it does 
not address particular viewpoints and solutions. Rather, it aims to develop deeper 
understanding and enhance skills of critical thinking, problem solving and decision-making 
in environmental issues (EPA, 2018i), as this study does. Therefore, it was seen to be a more 
applicable concept to use in this context. 

According to the constructivist learning theory, educators cannot simply fill learners’ 
‘empty’ brains with knowledge.  Instead, learners are viewed as active creators who build 
their own knowledge structures and understanding of the world in continuous interaction 
with the outside world. (Bada, 2015.) In the process of knowledge construction, the new 
knowledge integrates into pre-existing knowledge. Therefore, an interaction changes the 
structure of knowledge (Prosser & Trigwell,, 1999). Moreover, as Vygotski has highlighted 
in his sociocultural theory, learning cannot be isolated from a social and cultural context, 
and the social and cultural interactions have an important role in knowledge development 
(Dagar & Yadav, 2016). Therefore, a practical design for teaching in higher education called 
Constructive Alignment (CA), which brings out the meaning of students’ own role and 
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activity in learning (Biggs & Tang. 2011), and the social and cultural interactions are 
considered in the research process.  

It is noteworthy that humans are able to accumulate knowledge without understanding. 
However, understanding increases scientific progress rather than accumulation of 
knowledge. (Dellsén, 2016.) Therefore, to contribute towards deeper understanding of air 
quality and changes in human behavior, it is important to study, how the knowledge and 
understanding of air quality have developed and changed the world considering the 
scientific, social and technological processes within it. In addition, it is important to study, 
which kind of knowledge builds the holistic view of air quality. 

Understanding of the principles of concept formation is an essential base for teaching 
(Kurki-Suonio, 2011). Therefore, it is advisable that educators process and make pre-
existing knowledge structure of air quality and its development visible, and work on 
deepening their own understanding of the holistic view of air quality. In addition, an 
understanding of other successful elements of learning and teaching, such as teaching 
methods that support learning, enhances the transferring process of air quality knowledge. 
According to Constructive Alignment (CA), teachers’ role is mainly in engaging students 
in learning with the active teaching and learning methods, and with different levels and types 
of assessment tasks. All of them should be systemically aligned with learning outcomes to 
help students achieve what they are intended to learn. (Biggs & Tang. 2011.) 

In this study, it is assumed that knowledge transfer has succeeded if the learning process has 
produced changes in students’ thinking or behavior.  The learner should also have an 
understanding and ability to apply the acquired new knowledge to new contexts (See 
Chapter 2.1). In that case, acquired new knowledge and understanding are expected to 
progress science, assist societies to change behavior in air quality issues, and to support in 
the endeavor towards cleaner air.  

The main concepts of the research topic, air quality, interdisciplinary field, and knowledge 
transfer are defined in Chapter 1. Scientific concepts of air quality are discussed more detail 
in Chapter 3.5. It is also important to consider that this study focuses on impacts of air 
pollution on air quality and related issues. It only briefly discusses air pollution effects on 
climate change and other pollution-related environmental problems.  

The challenges in creating the language of air quality science are discussed in Chapter 1.1.3. 
According to Graham, et al., (2006), the concepts of knowledge translation have caused 
confusion and misunderstanding.  Therefore, it is defined and discussed in more detail in 
Chapter 2.1. Building the knowledge structure of air quality, i.e. the holistic view, is 
necessary in air quality education, and is therefore presented separately in Chapter 3.5.   

The study includes background studies, literature reviews, discussions of an expert 
workshop, empirical study, and conclusions. The empirical part of this study includes 
planning, implementation and evaluations of the Air Quality in a Changing World course. 
It is divided into three research phases as illustrated in Table 1.1. The first two parts of the 
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phase one describe the background and the motivation of the study. The principles of the 
course design are formulated in the third and fourth parts. Phase 2 describes the development 
of the framework for air quality education and discussions of the results. The final modern 
educational framework, presented in phase 3, is knit together through the principles of 
educational theories, and the studies conducted in a subject area of air quality science and 
in the empirical phase.   

All the research phases are explained more detailed in Chapter 1.3.  

 

Table 1.1. Research phases.  
 

PHASE 1 
Preliminary Research 

 
PHASE 2 

Framework 
Development 

 

 
PHASE 3 

Conclusions 

Part 1 
Definitions 

Overview of challenges 
Chapter 1.1 

Part 1 
The history of air pollution 

UK (1A), US (1B) and 
China (1C) 

Chapters from 3.1 to 3.3 
Discussions of Part 1 

Chapter 3.4 

Design 
And 

Development of theories 
Chapter from 5.1 to 5.3 

Part 2 
Needs and motivation 

Chapter 1.2 
 

Part 2 
Building the knowledge 
structure of air quality 

Chapter 3.5 

Implications 
Chapter 5.4 

Part 3 and Part 4 
Principles of course design 

Chapter 2 

Part 3 
Empirical part and  

Discussions of Part 3 
Chapter 4 

 

 

1.1 What is air quality?  

The concepts air and air quality carry different meanings in different contexts. Whenever 
they are used, it is important to be aware of the specific context they are used in. We need 
to understand different meanings to build a language of air quality in the field of atmospheric 
sciences and to build an understanding of the holistic view of air quality. 

Figure 1.1.1 is the air quality experts' illustration of how the different scientific, 
technological and societal issues of air quality intertwine with each other influencing on air 
quality. It could assist readers with following the study and understanding the multiple 
approaches and perspectives on air quality within this study. The figure is discussed in more 
detailed in Chapter 3.5.  
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Figure 1.1.1. The Holistic View of Air Quality designed by Markku Kulmala and Leena 
Järvi, in 2019. Reprinted with permission from Kulmala and Järvi (2019).  

 

The next two chapters examine air quality from different points of view. They also provide 
a lens for air quality development as a subject area within the atmospheric sciences. The 
multidisciplinary and interdisciplinary characteristic of air quality, challenges they bring to 
the research and education and how they can be overcome, are discussed in Chapter 1.1.3. 
The holistic and deeper scientific understanding of air quality is discussed in Chapter 3.5.  

1.1.1 Air quality in common language 

In common language, the meaning of air and air quality are built up on people’s experiences 
of air. In addition, when people meet, the social interaction between them influences one 
another (Bardis, 1979). For instance, sharing experiences on air quality issues in a group, 
may act as a stimulus, which changes the meaning of air quality in the human mind. 
However, in many regions, air pollution is either not a problem, or people are not aware of 
how air pollution and weather conditions affect each other. That is why everyday life 
discussions include more talk about weather than air quality.  

People interact with the air around them. Most often, we do not pay attention to the 
surrounding air before it affects us one way or another, be it in a positive or negative fashion. 
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Weather such as clear or rainy days and the level of air quality have a direct impact on our 
lives.  

We are able to monitor air with our senses, without any technological help, for example, 
humidity and temperature differences in the air with our skin.  We can sense air pollution 
as irritation in our eyes and throat (Agarwal, 2009). Air pollution is visible to us as smoke 
rising from the chimneys of factories or saunas to the air, smoke hanging in the sky above 
the buildings and smoke coming from fireplaces, cigarettes and car exhaust pipes (Vallero, 
2014). The visibility can be approximated with the eyes. In addition, we are able to smell 
scents in the air with our noses, and the movements of air masses can be heard when air 
moves through long grass or leaves of the trees.  

These observations define the concept of air and define a state or quality of it in a qualitative 
way. They also define qualitative measures such as bad or good or dry or wet. People can 
also compare the properties of air in time and space: 

“Today, I saw a house on the other side of the river. The visibility was very good. Yesterday, 
the air was so hazy that I could not see it very well. The day before yesterday, the visibility 
was even worse.” 

“The air smells bad today. There is a lot of pollution in the air. Last week, the smell was not 
as bad. There was less pollution in the air. The air quality was quite good” 

“It is hot today here in Heinola, but in Crete, the weather is much hotter.” 

Even with simple technology, people can make quantitative measurements of temperature, 
humidity and pressure and find relations between the measurement results and the actual 
state of the air.  

Air quality indexes provide information about the how clean or unhealthy the air is for the 
public in simple terms (Monteiro et al., 2017). Information is usually accessible on the 
internet. Therefore, technology is involved in creating meanings to air quality in common 
language.  

However, usually people understand the influence of air when it is polluted and it has 
impacts on our lives. For instance, a householder suffers with eye and throat irritation and 
respiratory distresses, a farmer suffers about the damaged vegetation and the industrials 
have problems with process control, which causes bad public relations and justified 
complaints (Agarwal, 2009). 

Through the development of air quality awareness of the public, the meaning of air quality 
has spread out and has become a part of social process. According to Bardis (1979, p.148), 
“social processes may be defined as the observable and repetitive patterns that have a 
consistent direction and quality”. For instance, during the second half of the 19th century in 
Britain, the public started actively discuss of social problems and destruction of 
environment, which they assumed to be caused by air pollution (Thorsheim, 2006). At the 
same time, the coal burning episodes were used as political tools by reformers. In 1943, the 
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residents of  Los Angeles started to complain about health problems caused by the acute 
haze episode (Senn, 1948). The society observed and discussed widely about the problem 
(Krier and Ursin, 1977). 

People are also able to observe the influence of poor air quality on the state of the built 
environment. For instance, the degradation of cultural heritage is visible and has an 
influence on our individual and collective identity (UNECE, 2019a).  Acid rainfalls caused 
by air pollution, especially by sulfur dioxide (SO2) pollution, have deteriorated for example 
the condition of Leshan Gaint Buddha statue in China, many archeological monuments in 
Mexico, the Acropolis in Athens and the Cologne Cathedral in Germany (Preradović et al., 
2011).  

The massive expenses of maintenance (UNECE, 2019a), lower labor productivity, health 
expenditures and poor agricultural crop yields are partly caused by poor air quality (OECD, 
2016). Therefore, for those who work in the area of industrial property protection or public 
laws, air pollution may be a matter of great economic concern (Agarwal, 2009.) On the other 
hand, investments in cleantech and restoration provide income for investors.  

1.1.2 Air quality and atmospheric sciences 

Air quality is researched within the fast developing field of atmospheric sciences. The need 
to study air quality has most often risen from the fact that a certain air pollution episode or 
a few episodes in a row, have strongly threatened the environment and human health. 
Sometimes a long-term air pollution burden has preceded the episodes. In certain situations, 
people have not tolerated poor air quality any longer, and they have demanded change. (See 
the chapter 3).  

Coal burning started in England in the 13th century. Already then, people started to complain 
about the smoke, which caused health problems and harm on environment. The early 
investigations, such as a work of Royal Commission in 1280, did not solve the problem and 
the coal burning continued to grow. (Thorsheim, 2006.) In the 17th century, the early 
members of the Royal Society, the scientific academy of the United Kingdom,  wrote about 
the visible effects of air pollution and its causes on materials and health, and gave birth to 
the atmospheric sciences (Brimblecombe, 1978). After hundreds of years of perpetual 
increase in air pollution emissions, the London Great Smog air pollution episode, in 1952, 
finally catalyzed environmental legislation and technology in air pollution measurements 
(Brimblecombe & Makra, 2005). Despite the air pollution policy, the cleaner air was 
achieved mostly in greater cities in England as late as the 1990s. On the other hand, a 
reduction in air pollution concentrations increased the sunlight on the Earth’s ground level, 
which led to new air pollution problems, such as invisible photochemical smog (Mosley, 
2017). 

In some cases, the occurrence of an air pollution phenomenon has been unexpected, such as 
the accident at the Chernobyl nuclear reactor in 1986. The nuclear reactor was destroyed, 
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and considerable amounts of radioactive material were released into the atmosphere and 
environment. Once, the governments throughout Europe found out the scale of the accident, 
they wanted to have more information of their national situation. The monitoring of the 
released radioactive particles reflected the political constraints and available resources.  The 
Chernobyl accident intensified monitoring of the radioactive particles in the air. It connected 
stakeholders, such as national air forces, university laboratories, commercial institutions and 
power stations, to each other to enable the better understanding of the phenomenon. (Morris, 
1988.)  

In Finland, the accident catalyzed the research on interactions between the atmosphere, soil, 
forests and water systems, foundations of measurement stations and founding of the division 
of atmospheric sciences in the University of Helsinki in 2001. The foundation and funding 
preceded many discussions with the political side and researchers needed to convince the 
research communities of necessity of their work. (Allo, 2016.) Therefore, the foundation 
process shows the importance of interaction among researchers, policymakers and other 
stakeholders.    

In 2018, the division of atmospheric sciences became a joint unit under the Faculty of 
Science and Faculty of Agriculture and Forestry within the University of Helsinki. It was 
renamed as INAR – Institute for atmospheric and Earth system research (INAR, 2020). 
Altogether 239 persons worked, studied and did research in INAR at that time. The number 
includes technical staff, professors, tenure tracks, university teachers, lecturers, 
coordinators, post-doctoral researchers and PhD students. The number of master students in 
INAR was around 55 students. (INAR, 2018.) INAR researchers consist of experts in 
various fields such as physics, chemistry, meteorology, forest sciences, environmental 
sciences and social sciences (INAR, 2020). More than 100 universities and research 
institutes all over the world are collaborating with the INAR research community. In 
addition, the field interacts strongly with stakeholders outside the research community and 
crosses borders in many subject areas in order to gain more understanding of the phenomena 
in the atmosphere. (Allo, 2016.) 

1.1.3 Multidisciplinary and interdisciplinary characteristic of air quality 

The researchers of atmospheric sciences need to investigate phenomena from multiple 
perspectives because many challenging problems of air quality are nonlinear. Therefore, the 
concepts of multi-disciplinarity and interdisciplinarity appear often in the same context. The 
Oxford English dictionary (2018) defines multidisciplinary as “Combining or involving 
several separate disciplines” and interdisciplinary as “of or pertaining to two or more 
disciplines or branches of learning; contributing to or benefiting from two or more 
disciplines”. Both definitions are appropriate for the field of atmospheric sciences.  

According to Besselaar and Heimeriks (2001), these concepts have different meanings. In 
multidisciplinary research, the subject under study is investigated from different points of 
view. However, the theoretical perspectives and findings are not integrated in the end. 
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Interdisciplinary research constitutes its own theoretical, conceptual and methodological 
identity. The results are more coherent and integrated. The level of integration between the 
different disciplines co-operating rises over time. Therefore, multidisciplinary research 
develops towards interdisciplinarity and an interdisciplinary research develops towards 
disciplinarity. (Besselaar & Heimeriks, 2001.) 

Sometimes within the atmospheric sciences, the disciplinary approach provides an adequate 
scientific explanation, and sometimes it does not. In addition, the knowledge of atmospheric 
scientists is often needed to transfer, share or accumulate with the knowledge of other 
related disciplines. Therefore, the research in the field of atmospheric sciences is in some 
parts multidisciplinary and in other parts interdisciplinary.  

Wear (1999) underline that many of the critical problems in the world are related to human 
interaction with nature. Human behavior, both individual and social, has an impact on 
environmental quality and sustainability. Therefore, the problems are complex and both 
natural and social sciences should focus on solving these problems together. (Wear, 1999.) 
As well, poor air quality is a problem, which is largely a consequence of human behavior. 
Therefore, the problems within atmospheric sciences are complex combinations of natural 
and social problems. Correspondingly, the investigations should be integrated with the 
social sciences, with adequate bridging between the different relevant areas of knowledge.  

Furthermore, the term air quality is used in many different contexts.  It has different 
meanings and people have different understanding of air quality depending on the context 
they are living in. The understanding of air quality of such as students in different fields, 
policymakers, members of different communities, etc., should also deepen.  In order to 
create new holistic understanding or/and to build new knowledge, the different subject areas 
need to bridge in both in the field of research and education (Holt et al., 2017). However, 
the bridging and creating new knowledge in multidisciplinary research and learning 
environment face many challenges. Therefore, it is important to engage educational sciences 
with air quality sciences to find the most effective educational tools for deepening the 
understanding of air quality.  

1.1.3.1 Challenges in interdisciplinary research and education 

Authors, who have studied interdisciplinary research and education, name various 
challenges that such subject areas or fields have faced.  

Wear (1999) emphasizes the role of language in interdisciplinary research. Scientists speak 
in dialects specialized to their disciplines. Scholars of rhetoric state that science is as much 
of literature as it is of systematic inquiry. According to Wear (1999), the language of the 
researchers sounds sometimes much like common language misleading people to wrong 
conclusion. A single word can have different meanings in different contexts. For instance, 
particle refers to “one of the fundamental components of matter” in physics. In mechanics, 
particle is “A hypothetical body that has mass but no physical extension” (Oxford 
Dictionary of Physics, 2009.) In biochemistry and molecular biology, a particle is defined 
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as “an extremely small piece or portion of (esp. solid or colloidal) matter” (Oxford 
Dictionary of Biochemistry and Molecular Biology, 2006). In common language it is 
something which is very small and in English language it refers to the words such as in, up, 
off, etc. (Rothwell, 2007). Concepts weight and mass are good examples of mistakes in 
everyday use of concepts. For instance, one can say that his weight is 80 kg, although the 
correct scientific expression is that his mass is 80 kg.  

Different mother tongues and cultural backgrounds of the researchers may cause an 
additional challenge for development of the field. For instance, Mäkiö, Mäkiö-Marusik and 
Yablochnikov (2016) encountered this challenge when investigating the teaching of cyber 
physical systems engineering.  The participants represented several nationalities and mother 
tongues.  

Moreover, the ways that people see the world (Wear, 1999), and the traditions within 
different disciplines are different (Kostoff, 2002).  Within different disciplines, there are 
different views about knowledge, what sort of knowledge is possible, interesting or 
valuable. The practitioners in different disciplines have different attitudes, habits and 
manners. In addition, different attitudes toward different conceptions about the truth can be 
seen in how the researchers are choosing their research projects and how they evaluate the 
evidence - what makes sense and what is useful. (Bauer, 1990.)  

Kostoff (2002) brings out the worry that while the need for interdisciplinary projects has 
increased, the researchers are more and more specialized and they do not have enough time 
to become familiar with other disciplines. According to Wear (1999), the more the subject 
fields diverge, the more difficult it is to communicate effectively. As well, Jennex and 
Bartczak (2013) state that higher-level knowledge is functional only within limited groups 
of specialized users.  Furthermore, Holt et al. (2017) underline that interdisciplinary research 
suffers from the lack of evaluation methods and credibility frameworks. Therefore, they 
state that research produces disjointed results, rather than coinciding ones. 

Holt et al. (2017) point out that the demand in developing the interdisciplinary skills 
simultaneously with gaining international experiences and becoming an expert in ones’ 
academic field, create challenges in both research, and in teaching and learning in doctoral 
education.  

According to Hollmén (2015), in education a lack of pedagogical thinking is one part of the 
problem. Teachers and researchers in universities are expected to be specialists in their 
subject areas and research is more valued than education. In addition, from a pedagogical 
point of view, it is challenging to the educators that they need to sense the emerging relations 
and undefined connections between different subject areas and let them evolve, for instance, 
in course building in a meaningful way.  

In the empirical phase of this study, in the Air Quality in a Changing World course, students 
represent future experts, who need simultaneously deepen their holistic understanding of air 
quality issues, and the educators, who are the experts of air quality field, need to do the 
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same. Therefore, this tension between the requirements of multi/interdisciplinarity and 
specialization exists also in course planning and implementation. 

However, despite the challenges, as Kostoff (2002) points out, interdisciplinary research 
and knowledge transfer are important because they promote new findings. In addition, the 
interaction also benefits researchers, who may have new ideas from other disciplines, and 
can further expand and assimilate them into their own subject areas. Furthermore, 
interdisciplinarity is necessary in understanding and solving new complex emerging 
environmental problems (Wear, 1999). Therefore, it is important to find ways to overcome 
these challenges. 

1.1.3.2 Overcoming challenges in interdisciplinarity 

To advance understanding of nature requires increased attention and new collaboration of 
scientists from various fields (Kostoff, 2002). However, Hollmén (2015) reminds that 
although the collaboration between disciplines is needed, adequate education to provide 
expertise in different disciplines cannot be compromised.   

Many authors have studied what kinds of practices progress interdisciplinary research and 
education, and saves resources, such as the limited time the researchers have on 
collaboration. According to the authors: 

- Interdisciplinary research requires more time and resources than traditional one. 
Funding of interdisciplinary careers should be provided. (Holt et al., 2017.) 

- Interdisciplinary programs need to consider the integration of perspectives, holistic 
thinking and innovative knowledge creation (Hollmén, 2015). Perspective taking 
means an ability to understand, how each discipline typically views the problem. 
Holistic thinking means ability to see the entire problem in relation to its constituent 
disciplinary parts (Repko, 2007.) Especially, in the complex system, the parts are 
viewed from different perspectives. The parts interact modifying each other in linear 
or in non-linear cyclic, iterative, self-sustaining and dynamic processes creating 
results, which are not a sum of parts but new combinations. (Hollmén, 2015.)  
Therefore, the collaboration creates new knowledge.  

- Locality and human behavior are strongly related to complex problems. Therefore, 
they have to be considered in education. (Hollmén, 2015.) 

- It is necessary that each participant in interdisciplinary interaction learn some 
aspects of the other participants’ disciplines (Kostoff, 2007).  

Some authors have pointed out some practical advice for the collaboration:  

Kostoff (2002) suggests that in the beginning of a research co-operation, it is necessary to 
identify which disciplines and what kind of expertise can contribute towards potential 
solutions of the problems. This aim can be enhanced, for instance, by workshopping.  

Repko’s (2007) practical model includes four phases: addressing an interdisciplinary 
problem, taking advance of insights generated by disciplines, interdisciplines, or schools of 
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thought, integrating insights, and producing an interdisciplinary understanding of the 
problem.  

Holt et al. (2017) have created the specific guidelines for interdisciplinary research, science 
collaboration and the broader academic community in general to provide knowledge of how 
to approach interdisciplinarity. Their guidelines highlight the following issues: 

- Everyone's role in a project, responsibilities and authorship, goals and ways to reach 
them and tasks should be well defined and agreed on within the group.  

- Leadership advances the project. In addition, it is necessary that at least two or three 
individuals accept wider responsibility of the project. 

- Time frame should be long enough to enhance finding of common vocabulary across 
the disciplines to avoid miscommunication, and hindering of the project and 
implementation of the planned tasks.   

- It is better to concentrate on most interesting and achievable ideas than to the 
differences between the disciplines.  

- The guidance of senior researchers improves the research.  
- Participants need to accept that under the variable circumstances the work does not 

distribute evenly.  

However, as Holt et al., (2017, p. 128) state: 

“The most effective remedies concern how — not what — knowledge is transferred 
and the willingness of actors to collaborate.”  

The statement of Holt et al. (2017) points out the meaning of knowledge building, 
understanding of teaching and learning, and educators’ motivation on collaboration in 
progress of research and education.  

Illustration in Figure 1.1.3.2.1 connects the issues presented in previous literature presented 
in this chapter and the pedagogy of Kurki-Suonio (2011) presented in Chapter 2.3.1. The 
Figure aims to describe multidisciplinary and interdisciplinary cooperation, knowledge 
building and the challenges in it.  

Hailikari, Katajavuori and Lindholm-Ylänne (2008) address that it is essential that lecturers 
find out students’ pre-knowledge. According to the authors, it helps them to bridge the gaps 
between lecturers’ expectations and students' actual knowledge and help students to develop 
the integrated knowledge structure. Additionally, to enable meaningful learning in the 
context of an interdisciplinary research project, it is necessary to find out each participants’ 
initial level of knowledge and understanding related to the problem. This is particularly 
important, because the levels of participants may differ considerably, appreciating, 
however, everyone’s specialty and the consequent adequacy of his understanding of certain 
aspects of the problem. 

Awareness of the entirety of initial levels forms the basis for fruitful communicative 
interaction in building interdisciplinary knowledge and understanding of the problem. 
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Kostoff (2002) points out that the researchers who participate in interdisciplinary research 
projects may assimilate the new knowledge gained in interaction into their own disciplines. 
New knowledge can therefore further amplify and develop the research of the participants' 
own discipline. It is also important to explicate and try to understand the differences between 
the different disciplines in order to advance effective interdisciplinary research. (Bauer, 
1990; Kostoff, 2002).  

From a pedagogical point of view, there is a need for changes in traditional curriculum. 
According to Hollmén (2015, p.3), “Stepping out of the ordinary, looking and reaching for 
the “big picture” to see how things connect, to find new ways of working and taking the 
trouble of doing things in a different way” are necessary in multi- and interdisciplinary 
education. Therefore, in practice, the educators need to map out the wide entirety of the 
subject areas required by research of the field and create the meaningful framework for 
educational purposes. It is challenging for the educators to face the tension in building 
knowledge in multidisciplinarity/interdisciplinarity and simultaneously grow expertise in 
their field (Hollmén, 2015; Holt et al., 2017).  

Knowledge development can be interpreted in terms of the three-process structure of 
perceptional dynamics, proposed by Kurki-Suonio (2011; 2013). (For more detailed 
description, see Chapter 2.3.). The scientists and educators of the multidisciplinary field 
constitute the ‘scientific society’ interacting with the combined natural and social ‘reality’ 
of the phenomenal area of air quality. This interaction is realized in their research and 
teaching activities. It consists of the iterative developments of understanding of air quality 
– the scientific process – and experimental methodology, as well as means of improving air 
quality – the technological process, which are inseparably intertwined. The researchers have 
learned to identify, observe, quantify and measure the relevant properties of air, pollutants 
and their constituents, like concentration, chemical constitution and particle size of 
pollutants, humidity, pressure, density, temperature, etc., and their mutual effects, thus, 
producing more and more specific information about the air and air quality for scientific 
use. This has made possible suggestion and testing of new hypotheses and development of 
theoretical models for representation and explanation of air quality phenomena. 

“The ladders of understanding” of Kurki-Suonio (1994) in Figure 1.1.3.2.1 can be 
interpreted as a schematic representation of the development of specific knowledge or a 
holistic view. The historical development of air quality understanding follows the same 
scheme.  

This whole development is submitted to the social process, involving internal interactions 
within the ‘scientific community’, as well as external interactions of the community with 
the social environment, politicians, lawmakers, media and the public. Development of air 
pollutant regulations is an important special aim of the social process. The researchers 
hopefully have real influence on air quality, for instance, by making suggestions to 
lawmakers regarding air pollutant regulations. 
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It is noteworthy that all three processes have had and still have an effect on the linguistic 
development of the field, including both scientific terminology and general language. The 
very basic term air quality has undergone a considerable development.  

 

 

Figure 1.1.3.2.1. Knowledge development and transfer in interdisciplinary/multidisciplinary 
field by ladders of understanding. The development is driven by the interaction of different 
disciplines in interdisciplinary research. Knowledge is transferred among the participants in 
the development process. It begins from the initial level where the stores of knowledge 
capital of the participants meet. In that point, it is important to find out which disciplines, 
or subject areas and the level of expertise have most potential in advancing the knowledge 
building of an interdisciplinary problem. It is necessary to find out the right level of 
understanding, which is appropriate to each participant under the problem. The participants 
begin to knit the structure of knowledge towards deeper understanding. The participants 
from different fields interact, transfer and share the knowledge, which may generate insights 
that researchers may assimilate and expand into the research within their own discipline. It 
is noteworthy that the problem is not always configurable in advance. For instance, new 
problems can rise in interaction where people with varying experience and understanding 
investigate a certain phenomenon. The educators’ challenge is to percept ‘the big picture’, 
to map, which knowledge is needed in education, and to find the balance between the 
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multidisciplinary and specialization. The different disciplines A, B, C, etc., for instance, in 
the field of air quality, could illustrate such as physics, chemistry, forest ecology, 
meteorology, environmental science, scientific computing, social sciences and education. 
The levels of specialization are adapted from Baxter (2015).  

 

The Air Quality in a Changing World course, which is implemented in a multicultural and 
multidiscipline environment with the participants, planners and educators with differences 
in air quality understanding, probably face the same challenges. To overcome the 
challenges, educators have to map out, from the wide variety of the knowledge of subject 
areas, which contents are appropriate to consider in education, and bridge the knowledge. 
In addition, the educators need to take a closer look into these processes of knowledge 
development. The Air Quality course planning and implementation phases are presented in 
Chapter 4. 

1.2 Motivation for research 

Air pollution causes weakening of air quality and is one of the biggest environmental risks 
in the world (Prüss-Ustün et al, 2016). It has serious negative effects on human health and 
one out of eight global deaths, in 2012, was attributed to poor air quality (WHO, 
2014a;WHO, 2014c). It affects environment, especially the influence on plant development 
and growth is destructing to our ecosystems and biodiversity. Therefore, it also affects 
economics as well as human welfare (OECD, 2016.)  

In 1977, members of the Intergovernmental Conference on Environmental Education 
addressed the meaning of the holistic examinations and aspect of the environmental 
phenomena in environmental problem solutions (UNESCO, 1977). Since then, many 
environmental activities were put into practice in many countries. However, more research, 
innovation, monitoring and evaluation are still needed in order to prove the effectiveness of 
these practices. (UNESCO, 2014.) 

In 2012, the international and multiperspective organization Pan-Eurasian Experiment 
(PEEX) launched a long-term program, which aims to find solutions to the great challenges 
of the world, including air quality problems. The members of PEEX program highlighted 
the role of education in solving the air pollution problem. (Kulmala et al., 2015; Lappalainen 
et al. 2017.) 

The motivation of this study is based on the need to act against the serious effects of air 
pollution and to strengthen the role of education in environmental issues. It is also closely 
tied to the mission of PEEX program. The basis of motivation is discussed more detailed in 
Chapters from 1.2.1 to 1.2.3.  
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1.2.1 Environmental risks  

In 2016, the World Health Organization (WHO) published the study Preventing disease 
through healthy environments: A global assessment of the burden of disease from 
environmental risks. The authors estimated that in 2012, approximately 12.6 million deaths 
globally, which constitutes 23% of all deaths in the world, were attributable to the 
environmental risks. The concept of environment was defined as “all the physical, chemical 
and biological factors external to a person, and all related behaviors, but excluding those 
natural environments that cannot reasonably be modified” (Prüss-Ustün et al., 2016, p. 3).   
The study included risks such as indoor and outdoor air pollution, second-hand tobacco 
smoke, water or soil with chemical or biological agents, ultraviolet and ionizing radiation, 
noise, electromagnetic fields, occupational risks, built environments, agricultural methods, 
man-made climate and ecosystem change and behavior related to the environmental factors. 
(Prüss-Ustün et al., 2016.) 

In another study, WHO estimated that in 2012, the pollution in the atmosphere alone caused 
6.5 million deaths, which is 11.6% of all global deaths and nearly half of all deaths caused 
by all environmental risks (World Health Organization, 2017a). The distribution of the 
deaths is illustrated in Figure 1.2.1.1. As a comparison, during the same year, unsafe water, 
unsafe sanitation and lack of hygiene caused globally 871 000 deaths, which is around 1.6% 
of all deaths. In 2015, unintentional poisoning such as pesticides, kerosene, household 
chemicals, carbon monoxide, drugs and cleaning and personal-care products in the homes 
caused 108 000 deaths, which is around 0.2% of all deaths. (World Health Organization, 
2017a.)  

 
Figure 1.2.1.1. The distribution of deaths in the world, in 2012. The data is adopted form 
WHO, 2017a. 
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The World Health Organization defines air pollution as follows: 

Air pollution is contamination of the indoor or outdoor environment by any 
chemical, physical or biological agent that modifies the natural characteristics of 
the atmosphere. Household combustion devices, motor vehicles, industrial 
facilities and forest fires are common sources of air pollution. Pollutants of major 
public health concern include particulate matter, carbon monoxide, ozone, 
nitrogen dioxide and sulfur dioxide. Outdoor and indoor air pollution cause 
respiratory and other diseases, which can be fatal. (WHO, 2017b) 

 

The negative health impacts also include heart, chronic obstructive pulmonary, acute lower 
respiratory diseases, lung cancer and stroke (WHO, 2014a).  

According to the last estimates of WHO, already 91% of people around the world breathe 
air where the level of pollution is above the WHO guidelines (WHO, 2018b).   

In 2016, already 7 million children and adults died due to the illnesses caused by indoor and 
outdoor air pollution (WHO, 2018a). In the estimations, outdoor air pollution alone caused 
4.2 million deaths and indoor air pollution 3.8 million deaths (WHO, 2018e). By 
comparison, in 2012, the number of deaths, both in total, was almost 4.3 million (WHO, 
2014a). In 2016, about 94% of deaths caused by both outdoor and indoor pollution occurred 
in low and middle‐income countries in Western Pacific, South-East Asia and Africa regions 
(WHO, 2018a).  

In 2016, 41% of the world’s population, approximately 3 billion people, was exposed to the 
air pollution caused by cooking fuels and technology used in cooking. Even though the use 
of clean fuel and better technology has increased during the past few years, the number of 
people without access to them has stayed constant. (WHO, 2018d.) In low-income countries, 
women are burdened with  most of the exposure to indoor air pollution, because of their 
high involvement in daily cooking.   

The number of deaths attributable to poor outdoor air quality in 2004 was 1.15 million and 
in 2008 1.34 million (WHO, 2017c). A number of estimated deaths almost tripled from 2008 
to 2012 with almost 3.7 million deaths per year. In 2012, the outdoor pollution caused 127 
000 deaths of children under 5 years, which was 13% of all the deaths attributable to the 
outdoor air pollution (WHO, 2014a).  

Total number of deaths attributable to the joint effects of indoor and outdoor air pollution 
in 2012 and 2016, by region is described in Figure1.2.1.2. According to the data, the highest 
mortality is located in the regions of South-East Asia, Western Pacific and Asia. It is 
noteworthy that the mortality in high-income countries on Western Pacific region was only 
3.8 percent of the mortality in the high-income countries. 
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Figure 1.2.1.2. Total deaths attributable to the joint effects of indoor and outdoor air 
pollution in 2012 and in 2016, by region. Amr: America, Afr: Africa; Emr: Eastern 
Mediterranean, Sear: South-East Asia, Wpr: Western Pacific; LMIC: Low- and middle-
income countries; HIC: High-income countries. The source of data: year 2012 (WHO, 
2014a) and year 2016 (WHO, 2018a) 

 
Air quality is measured in many ways but in most situations, aerosol particles are the major 
consideration. The mass concentrations of the particulate matter, termed as PM 2.5 and PM 
10 describes the total mass of aerosol particles below a threshold value, 2.5 µm and 10 µm, 
respectively. The mass concentration is represented in micrograms per cubic meter. The 
particles are able to penetrate and travel deep inside our lungs and even enter to the blood 
system causing serious health problems. (WHO, 2018f.) According to WHO (2018i), the 
data of the PM2.5 concentration levels provide good estimates of the air quality impacts on 
health.  

Figure 1.2.1.3 shows the mean annual outdoor exposure to the PM2.5 in different regions in 
the world. The WHO has collected data between the years 2009 – 2014. In the Figure, the 
exposure to the PM2.5 is compared to the WHO guideline level, which is defined as 1.  
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Figure 1.2.1.3. The mean annual outdoor exposure to PM2.5 measured between the years 
2009 – 2014 in different regions in the world. The description is made by comparing the 
mean annual concentrations in different regions to the WHO guideline level, which is 
defined as 1. The source of data: Global Health Observatory data repository, Exposure UN 
region average (WHO, 2018g.)  

 

According to Figures 1.2.1.2 and 1.2.1.3, Asia and Africa bear the most part of the outdoor 
air pollution, and the mortality in same regions is very high as well. However, it is good to 
keep in mind that there are plenty of cities in the world where data of PM 2.5 levels is not 
available, and these are the regions where the exposure is much higher than the average 
value. For example according to WHO data from the year 2016, in Bamenda, in Cameroon 
the exposure is 13.2 times greater than the guideline of WHO, in China, in Baoding 19 times 
greater, in India, in Gwalior 18 times greater and in Iran, in Zabol 22 times greater (WHO, 
2018g).   

The study of WHO (2018c) shows that, when comparing and making analysis of the air 
pollution levels over multiple years, it should be noted that the number of data increases 
hand in hand with the number of new monitoring stations. In addition, there are other factors 
like changes in meteorology, different city types and the heterogeneity of measurement 
results, which should be taken into account in the analysis. For example, in the cities, where 
the measurements of the particle sizes PM2.5 and PM10 are available, the concentration 
levels of such particles have increased approximately by 50% from 2016 to 2018.  
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In 2018, WHO database covered more than 4 300 cities in 108 countries around the world. 
In the areas, suitable for the comparison, the mean level of the particulate matter in the world 
stayed stable over the measured six years period, from 2010 to 2016. In 54% of the regions, 
the level of air pollution decreased. Still, in 22% of the regions globally, the levels of air 
pollution increased. The rest has a limited change in air pollution levels. (WHO, 2018c.) A 
more detailed comparison is described in Figure 1.2.1.4.  

 
Figure 1.2.1.4. A percentage of cities with increasing or decreasing PM2.5 or PM10 annual 
means over a six‐year period (2010‐2016), by region. Afr: Africa; Amr: Americas; Emr: 
Eastern Mediterranean; Eur: Europe; Sear: South‐East Asia; Wpr: Western Pacific; LMIC: 
low and middle‐income countries; HIC: high‐income countries. The Figure is adopted form 
WHO (2018c). Reprinted with permission. 

 

Although the mean level of particulate matter has stayed stable globally, the number of 
people suffering about the effects caused by indoor and outdoor air pollution is huge. In 
many regions, the level of air pollution is even increasing as seen from Figure 1.2.1.4. The 
increasing number of recorded data illustrates that decision makers or/and other 
stakeholders are willing to fund the air quality monitoring more. Therefore, it can be 
assumed that they also pay more attention to the consequences of air pollution.  
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In addition, it should be noted that besides the medical and environmental implications of 
the air pollution, the air pollutants have also significant consequences to economics due to 
increased health expenditures, lower labor activity and lower agricultural crop yields 
(OECD, 2016).    

According to OECD (Organization for Economic Co-operation and Development) report 
(2016) estimations, the global welfare costs from premature deaths caused by air pollution 
is going to increase six- to eightfold from 2015 to the year 2060. At the global level, the loss 
of working days, caused by chronic bronchitis, will triple and the costs of hospital 
admissions and illnesses will increase from the 280 billion to 2.2 trillion USD between the 
years 2015 and 2060. The outdoor pollution is also associated with biophysical impacts, 
such as lower crop yields. Therefore, it affects to agricultural production and to economic 
activity. All together, the outdoor air pollution costs are estimated to increase to 1% of the 
global GDP by the year 2060. (OECD, 2016.)  

1.2.2 Air quality as a part of environmental education 

The first Intergovernmental Conference on Environmental Education (ICEE) in 1977 
gathered around 330 participants from all over the world together to discuss about the 
environmental education. The member countries disclosed the activities that they had 
undertaken at various levels and in various types of environmental educational settings 
(UNESCO, 1977.) The conference took place only five years after the Stockholm 
Conference, which was the United Nation's first major conference on international 
environmental issues. It expressed the sense of urgency in environmental problems and 
marked a turning point in the development of international environmental politics. (United 
Nations, 2019.) 

Environmental education refers to the process that aims to develop a deeper understanding 
and enhance skills of critical thinking, problem solving and decision-making in 
environmental issues. It does not address particular viewpoints and solutions. It also 
addresses meaning of people's awareness, sensitivity and attitudes to environment and to 
environmental challenges. Motivation to contribute and skills to identify environmental 
challenges are also considered in environmental education. (EPA, 2018i.) 

The participants of ICEE addressed the meaning of the holistic examinations and aspect of 
the environmental phenomena in environmental problem solutions. Especially, they 
addressed that the interrelations between natural environment and social and cultural factors, 
such as inadequate housing and shelter, bad sanitary conditions, malnutrition, defective 
management, production practices, protecting cultural and historical heritages, economic 
growth and lifestyles should be taken account. Often, they interpreted that these factors are 
roots of the problems. (UNESCO, 1977.) 

The conference participants highlighted that a lifelong environmental education is a key in 
helping people to understand and to raise awareness on how to live in a harmony with the 
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environment. The aim of education is to provide people the knowledge, understanding, 
values, skills and attitudes, which can modify the existing situation for the better. The 
environmental education can improve people’s living conditions and welfare. In addition, it 
can encourage people to participate in the decision-making. (UNESCO, 1977.) 

According to the Committee of the Conference, environmental education should be an 
integral part of all kinds of educational systems.  It should reach all kinds of groups of 
people, such as the public, pupils, students, trainees, teachers and many professional and 
occupational groups.  Therefore, the adopted environmental knowledge integrates into 
national policies, environmental management, development plans and educational reform 
as part of their aims and goals. Making that generalization in environmental education 
requires determination of bases for a strategy, on all educational and governmental levels. 
It also requires legislative measures. The committee advised that educational research 
institutions should play a leading role in the environmental education. In addition, education 
should involve universities, scientific research centers and other institutions performing 
research on various aspects of the environment. When experts from different backgrounds 
participate and join their experience in education, spontaneous integration of different 
disciplines might occur, and different ways of thinking might direct towards the solution of 
problems. (UNESCO, 1977.) 

The role of non-formal education, such as education through mass media, role of political 
organizations, associations of students, citizens and consumers, and associations, were seen 
to be important in creating the widespread awareness and understanding. Particularly, the 
committee addressed that the environmental problems processed in the education should be 
familiar to the learners and related to their own living environments, such as home, 
community, and nation, in order to make adoption of environmental issues easier to learners.   
According the committee, problem-oriented and action-oriented approaches help the 
environmental education to become both lifelong and forward-looking. They also thought 
that an interdisciplinary characteristic of education might bring education nearer to the 
environment and to everyday life. The differences between the subject disciplines in 
methodologies and in the nature might cause difficulties to the learners. Therefore, the 
committee advised educators to plan curricula, prepared by the interdisciplinary teams and 
to study the particular contents, methods and materials, which can be adapted to the needs 
of the learners in an existing study context.  In addition, they addressed that priority activity 
is to make the educators, in all context, qualified. The environmental specialists should study 
the principles of environmental education, sociology and ecology, which are necessary to 
enable people to understand the consequences of their actions. (UNESCO, 1977.) 

Twenty-eight years after the declaration of the Intergovernmental Conference on 
Environmental Education, United Nations Educational, Scientific and Cultural Organization 
launched a new program called The United Nations Decade of Education for Sustainable 
Development (2005 – 2014) (DESD). The aim of the program was to help societies to 
develop sustainability by education. (UNESCO, 2014.) According to Bruntland Report in 
1987, “humanity has the ability to make development sustainable to ensure that it meets the 
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needs of the present without compromising the ability of future generations to meet their 
own needs” (UN, 1987, p. 16).  

The final report of DESD, in 2014, shows that the advices of the first UNESCO conference 
in 1977 were put into a practice in many countries. The education of sustainability increased 
in all educational systems and in all levels during the DESD program. According to the 
report, the development was achieved by raising awareness, influencing policies and 
generating significant numbers of projects in all areas in the world and in all levels of 
education. The projects included school projects, educating programs for teachers and 
principals, making of e-learning material for the educators and considering sustainability in 
vocational polytechnic school curriculums. The universities around the world created 
different partnerships in environmental and sustainability issues. The program included 
exhibitions, training people in the specific issues, which affect environment, and arranging 
training for business field. However, according to the report, more research, innovation, 
monitoring and evaluation are needed to develop and prove the effectiveness of these 
programs. (UNESCO, 2014.) 

However, Teksoz (2011) states that even though there has been plenty of programs and 
research carried out in the fields of environmental and sustainability education, more 
effective outputs are needed. In addition, Teksoz (2011) points out that the educational 
research has mainly focused on climate change. 

According to the study of Teksoz (2011), knowing theories of environmental threats is not 
always enough to change our behavior in environmental issues. Most of the people from 
different countries with different socio-demographic features and life styles are aware of, 
how vulnerable our natural resources, such as air, are. In addition, people are aware of how 
important the state of nature is in supporting human life and health. Despite the facts 
adopted, most people have an eco-centric approach to the natural sources and they find it 
difficult to make changes in their individual life. In addition, people in both developing and 
developed world cannot make a relation between their behavior and the state of the 
environment. The study concludes that, as air pollution has become more complex and 
difficult to manage and control, public understanding of the environmental science and 
policy has to improve. (Teksoz, 2011.) 

Roth (1992) states that people become environmentally active through a certain 
development process and the environmental management can take steps through 
environmental literacy. People need to be aware either emotionally or cognitively of human 
impacts on nature and understand their personal responsibility in it. That awareness leads to 
the concern and feeling that some changes need to occur. The development of understanding 
such as how nature works, how social systems interface with nature and with what kinds of 
skills, systems and strategies the condition of nature are able to improve, lead to the 
application of new knowledge and skills and therefore to the actions. (Roth, 1992.) To make 
the change, education should awaken humans to feel how their presence is connected with 
the nature.  Education should help people to get rid of ignorance, which has already taken 
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place hundreds of years. Therefore, the education should consider the environmental, 
economic and social aspects together. (Teksoz, 2011.) 

Researchers have created a lot of knowledge of what kinds of education and educational 
practices should be carried out to improve peoples’ environmental thinking and therefore 
increase actions towards the better balance between nature and humans. However, as 
mentioned before, there is a lack of research of the success of the implemented practices 
and education. Therefore, it is important to conduct educational studies, which produce 
more knowledge of the success of environmental education, especially in the field of air 
quality.  

1.2.3 PEEX - Pan-Eurasian Experiment 

In 2012, the program called The Pan-Eurasian Experiment (PEEX), was founded in 
collaboration with European, Russian and Chinese partners to find solutions to the grand 
environmental challenges such as climate change, air quality, biodiversity loss, 
urbanization, chemicalization, food and freshwater availability, energy production, and use 
of natural resources by mining, industry, energy production and transport sectors. All these 
challenges have an influence on human well-being and societies and they are highly 
interlinked with each other. Therefore, the collaborators of PEEX consist of researchers 
from various disciplines and participants from international organizations and programs, 
stakeholders from industry, transport, renewable natural resources management, agricultural 
production and trade. (Kulmala et al., 2015.) 

The mission of PEEX is to be a next-generation natural science and socioeconomic long-
term research project, which aims to solve these interlinked and global grand challenges - 
particularly climate change and air pollution.  The focus of the program is on human well-
being in the northern Eurasia and China because the scientists expect The Northern Pan 
Eurasian regions to undergo substantial changes during the next decades. The Arctic region, 
for example, is warming faster than any other region in the world. In addition, China has an 
important role in setting global trends and in affecting the development of northern 
environments and societies. (Kulmala et al., 2015; Lappalainen et al., 2018.)  

The PEEX program aims to have clear impacts on future environmental, socioeconomic and 
demographic development. The partners divided focus into four different categories: 1) 
research agenda, 2) infrastructure, 3) impact on society, and 4) knowledge transfer and 
capacity building. (Kulmala et al., 2015.) 

The research agenda aims to advance people’s understanding of the complex land-
atmosphere-ocean-society interactions in the Earth system. The research consists of the 
research chain, which starts from molecular scale phenomena. Understanding begins from 
the research of key Earth system processes, later extending to regional and global scales. 
The new research knowledge should be used to assess the extent of climate risks, create the 
useful strategies to help societies to adapt and mitigate the changes, and generate new 
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technological innovations. (Kulmala et al., 2015; Lappalainen et al., 2017; Petäjä et al. 
2019.)  

“The PEEX infrastructure vision is to provide comprehensive, continuous and reliable 
harmonized data products for forecasting services, and for the science community”, (INAR, 
2020).  To fulfill the aim requires establishing and sustaining long-term, continuous and 
comprehensive data observations. In addition, the development of new data sets and 
archives, and modelling platforms also facilitate the aim. The development of infrastructure 
has to go on globally.  (Kulmala et al., 2015; Alekseychik et al. 2016; Vihma et al. 2019.)  

The societal part of the project includes research of the impacts of human actions to our 
environment and to the consequences of the actions to economies and societies. In addition, 
it aims to find answers how people, from the populated areas, are able to reduce their 
vulnerability and better adapt the consequences of the environmental changes. (Kulmala et 
al., 2015.) 

Kulmala et al. (2015) address that the society and research have to connect to each other in 
solving the grand challenges. Therefore, the subject areas, such as climate change and air 
quality research, the new infrastructures, and the new scientific knowledge of the impacts 
of foreseen changes on human population, environment, society, energy sources and 
economics have to bridge.  

To serve society, PEEX wants to keep data services open for all users. In addition, the 
observation systems and models should provide new early-warning systems for the Arctic–
boreal regions to be able to react to potential risks due to environmental accidents such as 
oil spills, natural disasters – such as forest fires, floods and landslides and in the destruction 
of infrastructure, such as buildings, roads and energy distribution systems. (Kulmala et al., 
2015.)  

To be able to succeed in the challenging agenda, PEEX works on building bridges between 
the members of different disciplines, stakeholders, decision makers and the public. 
Knowledge transfer by the education and sharing of the information among and between all 
the linked groups, which are involved in the processes of solving the grand challenges, is 
needed as part of the capacity building.  

In practice, it means collaboration with the international and regional programs,  combining 
the existing educational material and data, and training and educating of students, 
researchers, experts and institute leaders throughout their career. Moreover, it requires 
building an integrated Earth system research community in the Pan-Eurasian region, sharing 
the development of partners and organizations, and sharing information to the public, to the 
decision makers and to the stakeholders. (Kulmala et al., 2015.) 

The view of PEEX knowledge transfer is illustrated in Figure 1.2.3.1. The view bases on 
the article of Kulmala et al. (2015). The authors included the activities such as collaboration, 
education, and sharing and exchanging to the knowledge transfer. Collaboration means the 
situation or the act of working together with other people or organizations to create or 
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achieve something (Cambridge Dictionary, 2019a). Therefore, the collaboration in the 
context of grand challenges could exits, for instance, in meetings, in conferences and in 
doing research together. Education can be defined as “the process of teaching or learning, 
especially in a school or college, or the knowledge that you get from this” (Cambridge 
Dictionary, 2019b). In this context, education can be understood as organized platforms on 
which the understanding of the grand challenges increases in the processes of teaching and 
learning. It can be expected that the knowledge, which is created in collaboration or in 
educational settings, should move to all directions, and possibly provide benefit to all the 
participants. However, if the knowledge, such as data, material and the use of new models, 
is shared only from one organization to another, it does not necessarily provide benefit to 
all participants.    However, it is addressed in the PEEX vision that all groups within the 
grand challenge research and its stakeholders should collaborate, and share and exchange 
their knowledge openly (Kulmala et al., 2015). Therefore, the sharing of knowledge will 
provide benefits to everyone involved. Arrows in the Figure describe all kinds of 
interactions between the participants. The concept of knowledge transfer has received plenty 
of critics in literature and is therefore necessary to define more detailed. Chapter 2.1 includes 
the studies and discussions of the term.  

 

 

Figure 1.2.3.1. Multidirectional Knowledge transfer within the PEEX program considers 
education and sharing of issues related to grand challenges.  The figure is based on the article 
of Kulmala et al., (2015). 

 

According to the previous topics, it is obvious that educational research and practice in the 
subject area of air quality are needed in solutions of air pollution problems. The air quality 
situation in the world, the meaning of environmental education, which illustrate the need to 
develop environmental education, and the vision of experts of PEEX program form a 
background, motivation and purpose for this study.  
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1.3 Research methodology 

The methodological background of this qualitative study is Design Based Research (DBR). 
Chapters 1.3.1 and 1.3.2 explain and justify the use and application of the methodology. The 
research type, methods in collecting and analyzing the data, and justification of the methods 
are introduced in Chapter 1.3.3. 

1.3.1 Design Based Research 

Design Based Research (DBR) was developed near the beginning of the 21st century. DBR 
is a methodology designed by and for educators. (Andersson & Shattuck, 2012.) The 
purpose of the research is to increase the impact, transfer and translation of education 
research into an improved practice in real-life settings. (Baumgartner et al., 2003; Andersson 
& Shattuck, 2012.) It aims to increase understanding on how, when, and why educational 
innovations support effective learning (Baumgartner et al., 2003). It is also useful in 
complex educational problems that should be dealt with in a holistic way (Bakker & Van 
Eerde, 2013 and references therein).  

Anderson and Shattuck (2012) state that the DBR method focuses on the design and testing 
of a particular intervention.  The process requires collaboration between researchers and 
practitioners (Anderson and Shattuck 2012). The educational intervention can mean that 
“through its own methods, the aim is to influence the physical, intellectual and moral 
development of a human being to ensure his/her training and education” or it can be defined 
as “a new program, course, curriculum, or pedagogical technique that seeks to reform an 
older system or practice” (IGI Global, 2019).  

Edelson (2002) uses the terms “design framework” and “design methodology” in the DBR 
context. The design frameworks are design guidelines for a particular design challenge and 
the design methodologies describe the procedures, such as tasks, objectives, processes, 
engaging participants, which are included in designing.  From the point of view of Edelson 
(2002), the DBR should have three aims: (1) to develop generalized and useful theories for 
the world, (2) to develop theories and designs for a particular context and (3) to design 
frameworks and methodologies, which can be generalized.  

Moreover, the DBR offers an opportunity for researchers to enhance their understanding of 
learning, teaching and educational systems in practice. Therefore, by having an immediate 
response, they are able to improve education in a short period of time. The results of the 
DBR studies are useful and immediately applicable to the use of practitioners. (Edelson, 
2002.) 

Design Based Research has many different varieties in literature and researchers view of 
methodology changes depending on the area of research and the person or group, who 
conduct the research. Still some major characteristics of the methodology rise up in many 
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studies. (Zheng, 2015 and references therein.) The key characteristics of the DBR are 
summarized in Table 1.3.1.1.  

Table 1.3.1.1. A summary of characteristics of Design Based Research according to 
the studies of Van den Akker et al. (1999) & (2013), Andersson et al. (2011), & 
Baumgartner et al. (2003). 

Characteristics of the DBR     Meaning  

Educational innovations are situated in a real 
world setting 

- provides validity to the research 
- the practicality of interventions for 

users can be measured in a real life 
context 

- the results can be effectively used to 
assess, to inform and to improve 
practice 

An iterative process, continues cycles of 
design 

- evaluating prototype multiple times 
enables focusing on understanding 
and improving the innovation    

Researchers have an active role in 
participation and in collaboration with 
practitioners in the various stages and 
activities  
 

- the practitioners are usually too busy 
and/or they do not have enough 
experience to conduct research 

- the researchers do not often have 
enough knowledge of the 
environment, where research take 
place in practice 

- the collaboration develops the 
partnership which enables effective 
ways to create and measure the 
impact of an design (intervention) 

Mixed methods - the researchers are able to select 
from a variety of research tools and 
techniques upon and are able to 
apply their findings into the real world  

Evolution of practical design principles - these tools and conceptual models 
are developed to help practitioners 
and other educational designers to 
understand and to modify both the 
framework and the process in order 
to maximize learning 

 

According to Akker et al. (2013), The Design Based Research (DBR) follows systematic 
educational design processes where researchers set the problem, make analysis, design and 
develop a prototype and evaluate performance. The process is iterative, which means that 
the revisions are needed as long as an appropriate balance between ideas and their realization 
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is achieved. (Van den Akker et al., 2013.) Figure 1.3.1.1 describes the iterative educational 
design process.  

                                       

Figure 1.3.1.1. Iterations in the systematic design cycles. The idea of the Figure is adopted 
from Van den Akker et al. (2013).  

 

The iterative processes are thought to be only one aspect of the DBR. According to the 
systematic literature review of the DBR method of Zheng (2015), most studies using the 
DBR method, only conduct one single cycle of iteration. The demands of the workplace and 
the lack of resources, such as available time, make it difficult to iterate over many design 
cycles (Anderson & Shattuck, 2012; Gibbons, 2014). Edelson (2002) introduces an another 
view on the designing process:  

 Through a parallel and retrospective process of reflections upon the design and its 
 outcomes, the design researchers elaborate upon their initial hypothesis and 
 principles, refining, adding, and discarding – gradually knitting together a coherent 
 theory that reflects their understanding of the design experience. (p.106) 

Therefore, the design outcome can be created through an iterative interaction, reflection, 
development and back and forth movement between all the elements of the research process.  

Studies that adopt the DBR usually consist of a number of phases with activities: preliminary 
research, development or prototyping phase and an assessment phase (Van den Akker et al., 
2013).  

In the preliminary research, researchers carry out a needs and context analysis, “The 
circumstances that form the setting for an event, statement, or idea, and in terms of which it 
can be fully understood (Oxford English Dictionary, 2018)”, conduct a review of the extant 
literature, and develop a conceptual or theoretical framework for the study. (Van den Akker 
et al., 2013.) 

In the iterative development or in the prototyping phase, the number of iterations of the 
materials and/or approach is undertaken and evaluated formatively. These continuous cycles 

Design and 
develop  

prototype

Evaluation
Revision 

needed or 
not?

AnalysisProblem 
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are called micro-cycles. This phase is the most important activity in order to improve and 
refine the intervention. (Van den Akker et al., 2013.) 

In the assessment phase, the researchers make an evaluation to conclude whether the 
solution or intervention meets the pre-determined specifications. In this phase, 
recommendations for improvement of the intervention may be generated. (Van den Akker 
et al., 2013.) 

In the design process, the researchers systematically reflect and document the developing 
theories and design principles. This iterative process ensures that the DBR and development 
of an intervention emerges as a result from the design research. (Van den Akker et al., 2013.) 

According to the studies of Zheng (2015), the DBR has been conducted with qualitative or 
quantitative methods, or by using both. Most of the DBR studies have adopted the 
qualitative methods, and the quantitative methods are used least (Zheng, 2015).  

Qualitative methods aim to result in a holistic view of the unnecessary issue under study, 
and it focuses in finding out the meanings the participants hold about the problem or issue 
(Creswell, 2014).   

Data is usually collected in natural settings by the researcher at the site where participants 
experience the issue under study. It can be collected from multiple sources. For instance, 
through face-to-face interactions, such as in interviews or in observations or by examining 
documents, texts and pictures, and audiovisual information.  Typically, researchers ask 
general and open-ended questions, which can be answered freely, and data  can be collected 
e.g. from newspapers,  official reports, journals, diaries, letters, e-mails, photographs, art 
objects, videotapes, website main pages, e-mails, text messages, or social media text. 
(Creswell, 2014.) 

The researcher review all of the data, organizes it into categories or themes, using both 
inductive and deductive data analysis. Data is organized into increasingly more abstract 
units of information or/and the researcher looks back at the collected data from the themes 
to determine if additional information is needed. Sometimes, it leads to the changes in 
research plans and questions. (Creswell, 2014.) 

When using qualitative methods, researchers should reflect on how their personal 
background, culture, and experiences shape their interpretations. Therefore, the researchers 
may shape the direction of the study. (Creswell, 2014.) 

Quantitative methods aim to measure, make comparisons, examine relationships, make 
forecasts, test hypotheses, construct concepts and theories, explore, and control explain. 
Data is in the form of numbers and mathematical operations are needed to investigate the 
properties. Most results are in the form of numbers, such as how many of people who 
believed this or that, how many children of what age do which sports, or which is the level 
of family income. In addition to measuring data in the research process, the data can be 
counted from all kinds of reports, documents, publications, etc. However, it should be noted 
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that the number of cases affect the reliability of the statistical analyses used. (Walliman, 
2017.) 

Mixed methods involves collection of both qualitative (open-ended) and quantitative 
(closed-ended) data.  It includes the analysis and integration of both forms of data.    

Goff and Getenet (2017) have studied using of Design-based research in doctoral studies by 
analyzing two doctoral dissertations, which used the DBR approach. The result of their 
study indicates that the DBR is an effective methodological approach in the doctoral 
dissertations. 

Goff and Getenet (2017) studied the dissertations against the phases and principles of the 
DBR. They found the following challenges in conducting each study:  

- The data set was extensive because of multiple instruments and data sources such as 
questionnaires, interviews, observations, group discussions, workshops, email data, 
participant diaries and video-recordings 

- The researcher had challenges to find out the role in a study. Sometimes the role was 
subjective and sometimes closer to objectivist 

- It took a significant amount of time investment to engage effectively all the 
participants in each activity. The activities were for example planning and meetings 
to explain the project  

- The decisions around the recruitment of the participants was difficult 
- The doctoral studies had a restricted time period, which made it impossible to 

incorporate multiple prototypes for the design  

To overcome the challenges, it is important that the researchers make use of help from 
already well-positioned researchers and supervisors, who are able to provide guidance and 
mentoring. It is also important to maintain a close relationship and focus on the research 
questions under investigations. The DBR process can also be broken down into smaller 
components – for example doctoral research and post-doctoral plan. (Goff & Getenet, 2017.) 

As the DBR is used in various domains, research sample groups, research settings, research-
learning domains, etc., and the use of terms varies (Zheng, 2015), it is necessary to identify 
how the DBR is applied in this study.  

In this study, the DBR methodology served as a methodological background in designing 
the modern educational design framework (MEDF). 

Especially the following issues of this study supported the use of the DBR: 

1. The research aim was to produce a modern educational design framework (MEDF) 
for the real life use 

2. The research required for the methodology, which is emergent, support taking into 
account the multiple views on subject area, and supports building of the holistic view 
of air quality 
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3. The experts and the researcher had an active role and the collaboration was strong 
in all phases in Air Quality in a Changing World Course planning 

4. The development of framework (MEDF) for air quality was iterative and the results 
of different research parts were knitted together over time  

5. The mixed methods were used in the course and in the study  

It is noteworthy that the designing process of the study adopts both iterative (e.g. Van den 
Akker et al., 2013) and ‘knitting together’ (Edelson, 2002) characteristics of the DBR. Thus, 
the phases do not progress chronologically. Instead, the framework knits together through 
various parallel and cyclic processes, in which the principles of the framework (MEDF) 
develop in each phase. The designing process is explained in more detailed in the next 
chapter. 

The mixed methods were used in collecting and analyzing the data. The explanations and 
justification for the methods are in Chapter 1.3.3. 

1.3.2 Research phases 

The research includes three phases: preliminary research, framework development and 
conclusions. The phases are divided into smaller parts as illustrated in Table 1.3.2.1. 

The first phase as preliminary research includes four parts. The first part carries out the main 
research definitions and brings out the challenges faced in the research in an 
interdisciplinary field of atmospheric sciences. The second part identifies the need and 
motivation for the research. The third part conducts a review of the extensive literature in 
the field of education. It includes the studies of the elements of the successful knowledge 
transfer - how people learn and how to plan and teach to support understanding. Therefore, 
the third part constructs the educational principles, in other words, a theoretical educational 
framework for the course design. The fourth part discloses the experts' experiences and 
views of air quality education. Therefore, it produces important knowledge for the designing 
processes.  

The knowledge adopted in the first phase is conducted into the phase two.  The first part in 
phase two aims to learn from the scientific, technological and social processes of air quality 
in the past to help to understand present and to be better prepared for the future. It aims to 
answer the question, what has to be learnt in the air quality education in a light of history.  
Who should be educated and why, how possible changes in air quality issues are achieved, 
and what is necessary to learn. The second part aims to build the holistic view of air quality. 
In the empirical part, part 3, the knowledge and skills of the experts in the field of air quality 
and education are linked together in practice. It describes the roles of the participants, and 
approaches and methods used in the first of Air Quality in a Changing World course.  

The aim of the empirical part is to provide new knowledge of the course pedagogy and 
educational principles for the framework (See research questions in Chapter 1). Especially, 
to learn functionality of the educational system (trainees, exercises, curriculum,  etc.) used 
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in the planning and implementation of the course. To learn applicability of the theories and 
models used in designing the framework and in implementing the course. In addition, it aims 
to develop the participants’ knowledge and skills in air quality issues, teaching and learning. 
The findings of the empirical part are reported and discussed.  In addition, they are compared 
with the literature review results. The part 3 also includes the suggestions for the course 
improvements. 

The elements of the design processes are knit together in the phase three.  This process 
forms the improved framework (MEDF) for the use in air quality education. If generalized, 
it can be used in other educational contexts too. In addition, it aims to describe and provide 
new knowledge for the subject area of air quality and education. The usefulness of the 
theories, the models and tools used in teaching, learning and research are also discussed.  

 

Table 1.3.2.1. The research phases and parts.  

PHASE 1 
Preliminary Research 

PHASE 2 
Framework Development 

and discussions 

PHASE 3 
Conclusions 

 
Part 1 

Definitions 
Overview of challenges 

 
Air Quality 

Knowledge transfer 
Interdisciplinary research 

Atmospheric sciences 
 

 
Part 1 

What air quality education 
can learn from the history 

of air pollution? 
 

The review of the  
technological, scientific and 

social processes of air  
quality 

 
Design 

And 
Development of theories 

 
1. What kind of educational 

design framework 
(MEDF) increases 
knowledge transfer of air 
quality? 
 

2. What new knowledge 
the development of the 
framework produces of 
course pedagogy and 
educational principles 
for air quality education?  

 
3. What new information 

the building of 
knowledge structure of 
air quality provides for 
knowledge transfer? 

 
 

Part 2 
Needs and motivation 

 
Literature review of air quality  

impacts and situation in the world 
Background research of expert 
views on air quality solutions 

 

Part 2 
Building the knowledge 
structure of air quality 
 
 
 
 
Different subject areas 

Holistic view 

Part 3 
How people learn? 

How to plan and to teach to 
support understanding? 

 
The review of the extant  

literature in the field of education 

Part 3 
Empirical part 

 
The Air Quality in a 

Changing World – course 
Planning 

Implementation 
Results and discussions 

Improvements Part 4 
Expert Workshop in China 

 
Knowledge of the field 
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The Modern Educational Design framework (MEDF) development consists of a methodical 
entity: studying the characteristics of quality and effective teaching, investigation of the 
social, technological, and scientific processes of air quality, building of the holistic view of 
air quality, and testing the framework in practice. Phase one, and parts 3 and 4 create the 
principles for the framework development and phase two consists of ongoing development 
processes.  

The final design of the framework is evaluated, refined, added and discarded according to 
the knowledge gained in each process. Therefore, the process of the framework design is a 
one big ongoing macro cycle, in which the development depends on smaller micro cycles 
and on reflections inside and between the different development processes.  The framework 
development processes are illustrated in Figure 1.3.2.1. 

 

 

Figure 1.3.2.1. Based on the review of the existent literature in the field of education, the 
principles for the air quality education planning were created in the research phase 1, in part 
three and four.  According to these principles, an ongoing development of the framework 
was conducted in the research phase two through three processes: the investigation of air 
pollution history, the building of the holistic view of air quality and the design experiments.  

1.3.3 Mixed methods in collecting and analyzing data and knowledge 

The interdisciplinary character of the research required investigations of the literature in 
many different fields of science. The knowledge was gained and knit together from a large 
variety of scientific articles. In addition, some books and websites were used. Environmental 
organizations and national environmental offices, such as World Health Organization 
(WHO) and Environmental Protection Agency (EPA) of United States, maintain most 
websites used in this study. 
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The literature studied consisted both qualitative and quantitative types of information. The 
secondary quantitative information, such as the open data from World Bank, Department 
for Environment, Food and Rural Affairs of the UK (DEFRA) government, Department for 
Business, Energy & Industrial Strategy (BEIS) of  the UK, WHO and National Bureau of 
Statistics of China databases, were analyzed and expressed, for instance, with graphs and 
tables in this study. Many scientific articles consisted reviewed data and other quantitative 
information, such as research results. Some research results were analyzed and used to 
deepen the understanding of the air quality phenomenon.  However, the high uncertainties 
within the data in some areas of literature, especially mentioned by the authors who wrote 
about air pollution in China, enabled drawing of quantitative conclusions. Therefore, 
literature reviews mainly resulted in qualitative conclusions.  

The workshop was a method in collecting air quality experts’ knowledge and views of air 
quality education. The information of the experts was gathered together with a method 
called round table discussions (See Chapter 2.5.). The facilitators collected and wrote down 
the thoughts and experiences of the participants during the discussions. The qualitative form 
results are summarized views of the workshop participants. They provided suggestions for 
the air quality education planning. 

The empirical phase consisted of quantitative and qualitative questionnaires, tasks for the 
lecturers, exercises and an exam, which were all collected and analyzed (See Chapter 4). 
Some of the questions were multiple choice and some were open-ended. Multiple-choice 
answers and the exam and exercise results were mainly reported in numbers, graphs and 
tables.  However, as the number of people involved in questionnaires was quite small, the 
types of conclusions were qualitative. The answers of the open-ended questions were 
analyzed by summarizing and categorizing the data, and by identifying the patterns and 
commonalities of the answers. The exercise types and teaching methods were analyzed by 
categorizing. The lecture contents planned by the lecturers were compared to the findings 
of the literature reviews. Especially the similarities and differences were compared and 
discussed.  

The methods used in this study are both qualitative and quantitative. However, the 
interpretations, final results and conclusions of this study, according to previous 
explanations, can only be carried out in a qualitative form. Therefore, the overall research 
type is qualitative.  Research questions, data sources, methods and justifications for the 
choices are described in Table 1.3.3.1. 
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Table 1.3.3.1. The methods used in collecting data for the framework design. 

Question Data sources - methods Justification 

What is knowledge transfer? Scientific articles, books and 
websites – literature review 

The term is used with 
different connotations in the 
scientific literature and in the 
society. In addition, it has 
gained a lot of criticism. The 
literature review is needed to 
identify the use of term in the 
study context. 

What are the educational 
principles of the successful 
teaching and learning elements? 

Scientific articles, books and 
websites - literature reviews  

The literature review 
provides the scientifically 
tested knowledge of 
successful teaching and 
learning elements. 

What new knowledge the experts, 
who are related to the subject 
area of air quality, can provide for 
the air quality education?  

The experts of the air quality 
subject area – Workshop 
(WS) (Ørngreen & Levinsen, 
2017) - round table method 

WS gathers air quality 
experts together. In active 
participation and interaction, 
the experts share their 
experiences and knowledge, 
influence on discussions, 
and contribute to the 
direction of the WS. 
Therefore, the participants 
learn from each other and 
create new knowledge, 
which is collected and 
summarized for the research. 

What air quality education can 
learn from the development of air 
quality issues in history? 

Scientific articles, books and 
websites - literature reviews  

 

The investigations of the 
literature of air quality history 
increase understanding of 
the knowledge development 
of air quality. Especially, it is 
needed to find out, which 
factors have influenced on 
the air quality situations and 
how. Therefore, they provide 
knowledge of the new 
information that should be 
transferred into the air quality 
education. Therefore, they 
can aid in reaching for 
solutions now and in the 
future.  



51 
 

 

Question Data sources - methods Justification 

What kind of knowledge creates 
the holistic view of air quality? 

Scientific articles, books and 
websites - literature reviews  

In addition to the 
investigations in air quality 
history, to build an overall 
picture of air quality requires 
a multidisciplinary approach.  
Therefore, the investigations 
in a large variety of literature 
of many fields, associated to 
the air quality, are necessary.  

What kinds of elements in 
designing, teaching and learning 
support knowledge transfer of air 
quality? 

What kind of knowledge, 
according to the experts of 
different fields, should be 
included into the holistic view of 
air quality? 

Lecturers, lectures, lecture 
slides, exercises, exam, 
students, assistants, 
responsible teacher – open-
ended tasks and open-ended 
and multiple-choice 
questionnaires, observations 

The open-ended tasks and 
questions provide a larger 
view on responders’ thinking 
than the closed-ended 
questions do. However, the 
multiple-choice questions are 
fast to fill and analyze. 
Therefore, they provide a 
rapid response, for instance, 
in having feedback from the 
lectures. The teaching and 
learning methods, used in 
the Air Quality in a Changing 
World course, were 
categorized according to the 
observations in practice. 
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2 Principles of the course design 

The experts of PEEX and the scientists in the field of atmospheric sciences carry out the 
need of sharing the research findings, expertise, knowledge and skills to the students of 
atmospheric sciences, other fields of sciences, practice, the public, and the decision makers 
to find solutions to air pollution problem (Kulmala et al., 2015). The members of PEEX 
program and the Expert Work Shop in Nanjing (presented in chapter 2.5) use the term 
knowledge transfer, which in that context serves as a key tool in solving the air pollutions 
problems.  

Understanding of the knowledge transfer and its successful processes and elements, such as 
teaching and learning methods and course pedagogy, in an interdisciplinary field, are the 
key elements in building the modern education design (MED) framework for the Air Quality 
education. 

Next chapters carry out a literature review in order to construct the principles of the air 
quality course design. The principles are represented as the core practice framework in a 
chapter 2.4.  

Chapter 2.5 represents the expert knowledge, which was collected together in the Expert 
Work Shop in Nanjing, in 2015 for the planning of the Air Quality in a Changing World 
course.  

2.1 What is knowledge transfer? 

The concept of knowledge transfer (KT) is widely used in different fields. It can mean the 
process where knowledge producers transfer the knowledge for the use of stakeholders, for 
example, for decision-makers (Graham et al., 2006). In A Dictionary of Environment and 
Conservation the knowledge transfer is defined as “The effective sharing of ideas, 
knowledge, or experience between people, companies, or organizations” (Allaby & Park, 
2017). King (2006) broadens the definition with the verb “exchange” and the information 
that a knowledge exchanges can be “intended or unintended”.  He writes, “The term 
knowledge transfer is often used in a generic sense to include any exchange of knowledge 
between or among individuals, teams, groups, or organizations, whether intended or 
unintended” (King 2006, p. 538). In addition, Davenport and Prusak’s (1998) point out that 
the process of knowledge transformation has to produce an adaption and use of knowledge 
(know-how).  

Researchers criticize knowledge transfer definitions in a literature, because it creates an 
understanding of a one-way process, knowledge transferred from producers to stakeholders. 
In addition, it does not include extension of putting the knowledge into action. The term 
knowledge transfer and exchange includes the idea that the process, in which the knowledge 
is shared, is interactive. All the participants from different cultures, with different 
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perspectives on research and knowledge have an influence on knowledge generated in the 
process.  (Graham et al., 2006.)  

Magrini (2000) addresses practitioners’ and educational professionals’ beliefs of 
knowledge, along with how we evaluate different forms of it, have an effect on our 
conceptions of education: forms of learning, pedagogy and assessment in the curriculum. 
The understanding of students’ potential for intellectual, emotional and social development 
are also related to the practitioners’ and educational professionals’ beliefs of knowledge.  

Already the ancient Greeks have considered the definition of knowledge in number of ways. 
Plato’s definition of knowledge as “justified true belief” was followed by Aristotle’s, 
Descartes’s, Kant’s, Polanyi’s, etc., definitions (Rowley, 2007). Davenport and Prusak’s 
(1989) represent that knowledge exists within people, is originated and applied in the minds 
of knowers and is part of human complexity and unpredictability. Therefore, it is difficult 
to explain knowledge in words or understand it completely in logical terms. 

Rowley (2007) made a review of the nature of knowledge from the literature of knowledge 
management. She found an agreement between the authors that the concept of knowledge 
is elusive and is difficult to define. As a summary, she states that knowledge can be viewed 
as a mix of information, understanding, capability, experience, skills and values. 

In some discussions, the authors state that the information converts into knowledge through 
the various processes. The processes include the elements such as belief structuring, study, 
synthesis of the information, accumulated learning, perception, training, etc. Putting these 
together, as Davenport and Prusak’s (1998) indicate, knowledge can be seen as both stock 
and process.  

The theoretical discussions of the nature of knowledge and information created the model 
of data-information-knowledge-wisdom hierarchy (DIKW). The model is described in 
Figure 2.1.1. The models Knowledge Hierarchy or Information Hierarchy are also 
represented in literature. Typically, these models consist of levels such as data, information, 
knowledge and wisdom. The human mind is able to reach the elements of higher level by 
appropriate transformation processes from lower to higher. (Rowley, 2007.) Russell Ackoff, 
who is given a credit for the first academic publication of DIKW – includes five levels into 
the model (Jennex & Bartczak, 2013). Rowley (2007) paraphrases Ackoff’s levels in the 
following way: The lowest levels of the hierarchy, data and information, are both properties 
of objects, events and their environment. When data is only symbols, the information 
consists of processed data, which represents the properties more compactly and usefully 
than data. Information answers to the questions, which begins with the words like who, 
what, when, and how many.  Instructions and answers to how-to questions carry out the 
knowledge, the level of know-how. The fourth level, understanding, creates a deeper 
appreciation with the question why. The fifth level, wisdom, is defined as an ability to 
increase effectiveness and it adds ethical and aesthetic values of knowledge.  
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Figure 2.1.1. The data-information-knowledge-wisdom hierarchy (DIKW) hierarchy 
typically consists of levels such as data, information, knowledge and wisdom (Rowley, 
2007). 

 

Many authors have criticized the model of Ackoff.  Nevertheless, the authors typically have 
a common view that the levels are always in the same order, although some models have 
additional or less levels, the higher levels can be explained in terms of the lower levels by 
appropriate transformation processes and the implicit challenge is to understand and explain 
how the transformation processes work. (Rowley, 2007.) In a recent DIKW study, 
Baskarada and Koronios (2013) define the levels of DIKW in following ways: 

Data are physical signs, which have no meaning because they reside outside of a 
human mind. 

Information (or meaning) merges through cognitive processing of data. 

Knowledge constitutes a person’s beliefs, which have been socially judged to be 
true. 

Wisdom constitutes a person’s normative judgement, which has been socially judged 
to be desirable. (pp. 11-13) 

Tuomi (2000) argues that the direction of the traditional knowledge pyramid models should 
be turned around - from knowledge to data. He states that the human mind can create 
information only after someone has created them using his or her knowledge. The meaning 
structure has to be fixed before data can emerge, and data can be then used to represent 
information. The social process has to be included into the model because it has a role in 
sharing the information. People make sense of each other’s worlds in social processes.  

Jennex and Bartczak (2013) revised the traditional pyramid by placing the pyramid in the 
context of the natural or real world. They took into account traditional pyramid and the 
considerations of Tuomi. In that model, humans are constantly gathering and processing all 
the elements of the DIKW. It also takes into account that besides human senses as sensors, 

Wisdom

Knowledge

Information

Data
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there are technological sensors, which detect, interpret and capture the data. The 
technological sensors improve our ability to reach more data. The transformation uses the 
processes of insight, analysis and sense making. The flow of the hierarchy is bi-directional. 
Social networks, like word of mouth, published articles, presentations, etc., transfer the data 
between the levels of hierarchy. The model is also a representation of the general learning 
process for people. The endpoints lead to learning. Jennex and Barczak inverted the pyramid 
because they also describe quantity - the amount of information generated is greater than 
the original data.  This can be especially observed when applying something from one 
discipline or context to another.  

Jennex and Barczak (2013) also introduce another pyramid, which they call the knowledge-
KM pyramid (see Figure 2.1.2). Knowledge management (KM) means the practice where 
the effectiveness of organizations is improved. It is done by applying the new knowledge 
and experiences among the right people and at the right time for the use in decision-making. 
The data, information, and knowledge have to be filtered in social networks to limit access 
and to separate and capture necessary data, information, and knowledge. Their pyramid does 
not include wisdom because their paper does not support the idea of an ultimate wisdom. 
The higher level of specific and actionable intelligence is shared with specific, limited users. 
(Jennex & Bartczak, 2013.) 

 

 
 

Figure 2.1.2. Knowledge- KM pyramid adopted from Jennex and Barczak (2013). Reprinted 
by permission. 
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In this study, the knowledge transfer is defined as a multidirectional knowledge building 
process of education planning, teaching and learning. Every discipline has a different nature 
in creating the knowledge. The subject field of air quality creates its own knowledge 
building processes combined from various fields. According to National Research Council 
(2000), the educators should have an understanding of the structure of their own discipline. 
Therefore, it is advisable that the trainees understand their own process of the knowledge 
creation of air quality to provide the transfer.  

In the process, the knowledge and skills of the air quality and educational research and 
expertise, and the knowledge and skills created together in the process, transfer within the 
all participants of Air Quality Education and linked organizations. In addition, the necessary 
interactions with the surrounding world, such as stakeholders and the public, also have an 
influence on knowledge creation.  

During the process, the level of understanding develops and deepens. The common aim of 
the transfer is to produce adaption and use of new knowledge and skills. On the Air Quality 
course, the common goal of the transfer is to deepen the students' holistic understanding in 
air quality issues. The further, the goal is to transfer the knowledge, which contributes in 
one-way or another, indirectly or directly, in a short or longer period in time towards 
improvement of air quality.   

The course aims to achieve the goals through the learning processes, in which the knowledge 
creation is based on individual experiences and knowledge. Therefore, as Kurki-Suonio and 
Kurki-Suonio (1994) highlight, the process of learning is unique and different to each 
learner. However, a skilled trainer is able to support learning by using the teaching methods 
that help learners to learn. The approach of knowledge building taking into a practice in this 
study is discussed more detailed in a chapter 2.3. 

Based on previous literature, it is defined, in this study, that the transferring has succeeded 
and one has learnt, if  

a) the study is able to find signs of changes in thinking or behavior (doing things),  

b) the participants are able to apply the new knowledge into a practice or  

c) they apply the new knowledge other ways in new contexts.  

In air quality education framework, pyramids or triangles are used to model the direction of 
knowledge growth process. They also describe the different fields of science in the Figure 
1.1.3.2.1.  
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2.2 Elements of successful learning and teaching 

To be able to build a suitable and effective framework for the air quality education, it is 
necessary to identify, which elements and conditions in planning the education, and in 
learning and teaching processes, support knowledge transfer. Especially, the 
interdisciplinary characteristic of the subject area of air quality should be taken into 
consideration.  

Lavis et al. (2003) studied the knowledge transfer from applied health and economic/social 
research field to the variety of the stakeholders such as citizens, patients, community 
organizations, decision makers, etc. The study provided an organizing framework for a 
knowledge-transfer strategy. According to the authors, using the questions what, to whom, 
by whom, how, and with what effect in organizing, helps the research organizations succeed 
in knowledge transfer.  

Lavis et al. (2003) highlight that the educators must identify the message and to whom a 
necessary and transferrable message is most effective to transfer: who can act on the 
transferred knowledge, who has an impact on those who can act, and which target groups 
have a most success? The study confirms earlier research by recommending that the 
educators need to tune the knowledge transfer strategies to the context, in which the 
transferred knowledge is used. It is also important to make a decision, by whom the message 
is transferred. According to the study, researchers, who are provided with adequate 
knowledge and skills, appear to be a best choice. In addition, the interactive engagement in 
transferring processes may be most effective, regardless of the audience. In interactive 
education, participants learn from each other due to the cultural shifts produced in learning 
processes. (Lavis et al., 2003.) 

In a successful transfer, the educators can find sings of changes in awareness, knowledge 
and in attitudes toward the research knowledge. Lavis et al. (2003) found out that the most 
research organizations do not evaluate the changes in their target audience. Although the 
research organizations employ staff with knowledge transfer duties, only few use resources 
to the development in skills and knowledge regarded in effective knowledge transfer. (Lavis 
et al., 2003.) 

In higher education, a primary goal is to transfer the new research knowledge into teaching. 
Learning is the key driving force in this transferring process. The educational research has 
showed that education does not automatically achieve this goal. (Senaratne & Amaratunga, 
2008.) 

The disciplines differ in how the nature of the knowledge constructs and what kinds of 
research methods they use. Different disciplines act like different tribes and they have 
different communities of practice.  (Heyley, 2005.) To success in transfer within the 
different branches of science, each academic department needs to create the links between 
the research and teaching based on their own discipline (Senaratne & Amaratunga, 2008). 
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In turn, the structure of knowledge has changed - the knowledge is increasingly more 
interdisciplinary (Heyley, 2005).  

The changes in the nature of knowledge require knowledge building across the sciences. 
This development imposes requirements on boundary-skills, such as interdisciplinary 
thinking. People need to develop their skills in changing perspectives, to create meaningful 
connections across disciplines, to synthesize knowledge of different disciplines, and to cope 
with complexity to be able to integrate and create new knowledge. (Spelt et al., 2009.)  

Spelt et.al. (2009) identified the potential subskills and typical conditions needed in 
developing of interdisciplinary thinking in an interdisciplinary education.  Their study bases 
on an outcome-based perspective of Biggs’ theory discussed in Chapter 2.3.2. The theory 
and study focus on four components: student, learning environment, learning process and 
learning outcomes. These components form an interactive system in higher education, in 
which students, environment and the process of teaching all influence on learning outcomes. 
(Biggs, 2011.) 

Spelt et.al. (2009) highlight that personal characteristics of students, and their social and 
educational experiences influence on interdisciplinary thinking. For instance, curiosity, 
respect and openness towards other disciplines are the enabling characteristics (Spelt et al., 
2009 and references therein). Characteristics such as patience, diligence and self-regulation 
develop students’ cognitive skills. (Spelt et al., 2009 and references therein.)  

According to Spelt et al. (2009), a learning-centered curriculum that finds a balance between 
disciplinary and interdisciplinary, and balance in interdisciplinary knowledge, creates a 
good learning environment condition. In addition, the learning environments have to be 
consistent and well designed.  Especially, the framework, which links and sequences the 
curricular content provide a good context and roadmap for learning. (Spelt et al., 2009 and 
references therein.) 

Teachers need to develop their own expertise on interdisciplinary in order to help students 
to develop their thinking.  It is important to form intellectual teams, which focus on this 
development. Teamwork, such as team teaching, deepens the understanding of other 
disciplines, enables a consensus between the disciplines and makes an integration of the 
fields possible. In addition, it helps teachers to provide a safe environment for students in 
the development of interdisciplinary thinking. (Spelt et al., 2009 and references therein.) 
Teachers need to define what knowledge from different fields students need to adopt and 
which didactical teaching methods gain the most benefit in enabling an integration and 
interdisciplinary thinking (Spelt et al., 2009 and references therein.)  

The study of Bressan et al. (2008) addressed the meaning of teamwork. The researchers 
analyzed knowledge creation, acquisition and transfer in five Cern experiments in a 
multicultural working and research environment. The study showed that social processes 
are the key elements in learning. Knowledge is created and expanded through dynamic 
human learning processes, such as dialogues and discussions, in meetings. Participants 
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create knowledge through observations from others and when sharing their knowledge and 
experience from various fields. The strong interaction between and within the participants 
and the stakeholders provides specialized information, language, and expertise (know-how) 
for all involved in interaction.  

Spelt et al. (2009) also address that the learning environment, which includes elements such 
as active learning pedagogy, collaboration in peer groups and assessments, develops 
interdisciplinarity. For instance, learning tasks, in which students apply knowledge rather 
than just memorize facts, assist them in learning. In addition, such tasks give experiences 
on inquiry activities applicable to interdisciplinary. To help students depart from their notion 
of the absolute knowledge and to develop their critical positions, learning activities should 
provoke contradicting and conflicting disciplinary perspectives. The assessments provide 
students and teachers an information of the progression of the students’ thinking skills. The 
linear and iterative learning process, in which the educators define the learning outcomes in 
advance, supports learning (Spelt et al., 2009 and references therein). 

According to Boix Mansilla and Duraising, (2007), Eisen et al., (2009) and Manathunga et 
al., (2006) as cited in Spelt et al. (2009),   students need knowledge of different disciplines, 
for instance, what kinds of basic assumptions, ways of thinking, and methodology are 
commonly accepted in different disciplines and what means interdisciplinary. This 
knowledge helps them make connections between different disciplines. It identifies 
disciplinary contradictions, enables meta-level integration and following of a thread of 
curriculum, and prevents feeling overwhelmed.  

However, having skills, as well as having knowledge, is important in interdisciplinary 
thinking. Spelt et al. (2009) highlight the meaning of language of each discipline in 
supporting communication. By language skills, people are able to negotiate in meaning, 
resolve epistemological differences, develop shared understanding, and share their 
advancements to the audience.  

To understand how to teach effectively to transfer knowledge, educators also have to 
understand how students learn. Understanding of learning includes understanding of 
learning processes, learning environments, teaching and sociocultural processes (National 
Research Council, 2000).  

The Committee on Developments on Science of Learning in United States conducted a two-
year study of people’s learning. At next phase, the researchers of learning from various 
fields linked the results of the committee into a practice. Two committees of the 
Commission on Behavioral and Social Sciences and Education of the National Research 
Council (NRC) brought up the results in the book How People Learn in 2000.  

National Research Council (2000) evaluated and identified next aims: how the deep 
understanding is reached, which elements should be included in effective teaching and what 
kinds of conditions in learning environments support effective teaching and learning. The 
authors address that the important elements and conditions supporting effective teaching 
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and learning are: (1) curriculum development, (2) the social and cultural contexts, (3) Prior 
knowledge and skills, attitudes and beliefs, (4) motivation, (5) learning environment and 
teaching, and (6) adaptive expertise.  

 

The elements and conditions are presented in more detail below. 

 

1. Curriculum development 

The curriculum and its tools, including materials, need to be discussed in larger context and 
framework of a discipline. The knowledge has to be well -organized to support deep 
understanding.  The whole community involved in planning and teaching and learning 
processes need to have a deep understanding of the concept development in a discipline, the 
uniqueness of the discipline and the epistemology that guides the discipline. They also need 
to understand, what kinds of teaching activities support deep understanding. When planning 
the curriculum, it is important to focus on large themes of causes and consequences. The 
small details and facts simply lead to the testing of the students’ capability to memorize 
information, not to the changes in understanding. (National Research Council, 2000.) 

 
2. The social and cultural contexts  

Some things in learning environments cannot be changed. However, educators can consider 
them in planning. For instance, the language and culture adopted in a childhood are not 
changeable. Therefore, the teaching has to be adaptive and flexible. For example, practice 
already during the study time provides an opportunity to engage the learnt subjects into a 
practice in different contexts and gains information about the success in transformation. 
(National Research Council, 2000.) 

 
3. Prior knowledge and skills, attitudes and beliefs 

Students bring their knowledge, skills, attitudes and beliefs to the new situations. Sometimes 
the knowledge they bring guides thinking in wrong directions and students are not able to 
understand the new information and knowledge. This leads to the learning for the test, not 
for the deep understanding. The situation may cause boredom and frustration. Teachers are 
able to guide learning into a right direction by finding out a pre-knowledge of the students 
and engaging it to the new knowledge. Methods such as observation, questioning, 
conversation and reflection of the student activity may enhance in guidance. Thus, teaching 
finds an appropriate level in difficulty and motivates students.  In addition, educators who 
attempt to get sense of the students’ interests, passions, understanding and experiences are 
able to help students to build bridges to new understanding. (National Research Council, 
2000.) 
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4. Motivation 

According to National Research Council (2018, p.110), "Motivation is a condition that 
activates and sustains behavior toward a goal.” The authors address that deep learning and 
time students are willing to spend on learning are built on motivation. 

In this context, the concept motivation draws on social cognitive perspective of human 
behavior. Present cognitive theories state that human behavior is driven by the motivation, 
which is based on processes of individuals’ thoughts, beliefs, and emotions. The social 
aspect in theory emphasizes that much human learning and behavior occur in social 
environments. In interaction, people learn, for instance, knowledge, skills, strategies, 
beliefs, rules, and attitudes from each other. Especially, the theory highlights the meaning 
of goals and self-evaluations of progress, outcome expectations, values, social comparisons, 
and self-efficacy in motivation. (Dale & Usher, 2012.) 

Teachers are able to support motivation, for example by keeping the level of difficulty 
proper and enhancing the learning oriented atmosphere. They should take into account pre-
knowledge and skills, attitudes and beliefs students bring to the new situation. In addition, 
helping students to understand the usefulness of the knowledge and skills they are learning 
increase the motivation. Especially, motivation increases if the new information has an 
impact on students’ community. (National Research Council, 2000.) 

 

5. Learning environment and teaching 

Questions such as what to teach, how to teach, and how to assess, conduct designing of the 
learning environments. It is important to correct students’ misconceptions and link their 
preconceptions to the building of new knowledge. The educators can enhance learning by 
linking the content of the education to everyday observations and by applying the new 
knowledge to the new problems and environments already in teaching process and in the 
home tasks. They should help students learn the conditions under which the learnt 
knowledge and skills are most useful. (National Research Council, 2000.)   

Students, who conduct their own studies by setting their learning goals, understand their 
own learning styles and evaluate their learning, adopt knowledge better. According to the 
studies in practice, by considering these skills in a curriculum of the discipline, helps 
students to transfer the new knowledge to new settings and events. To accomplish these 
aims, educators need to improve their own expertise in teaching and learning skills, as well 
as improving expertise within own discipline. (National Research Council, 2000.)   

The norms also have an influence on learning. For example, an attitude such as “don’t get 
caught not knowing something” has a negative impact on learning. In turn, norms that value 
learning and high standards increase people’s opportunities to interact, receive feedback, 
and learn. (National Research Council, 2000.)   
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Educators can support students’ cognitive development by designing classroom activities 
such as cooperating in problem solving, and having argumentations and questioning. 
(National Research Council, 2000.)   

Cognition is defined as “the mental action or process of acquiring knowledge and 
understanding through thought, experience and the senses” (Lexico, 2019).  

The present pedagogic literature encourages lecturers to use active learning styles and 
multiple rest periods in lifting up students’ attention. Activities enhance interaction, and 
engage students to learning process and with the material used. Such as discussions, problem 
solving, presentations and different kinds of group works are considered active teaching 
styles.  (Revell & Wainwright, 2009 and the references therein.) 

Revell and Wainwright (2009) studied the views of university students and lecturers of what 
makes a lecture good, ‘unmissable’ and facilitates learning.  According to investigations 
lecturers’ passion and enthusiasm, interactive methods and structured teaching lead to the 
higher level of attendance and academic achievements.  

However, the authors point out that the formal lectures can be considered successful 
methods, if the contents are well structured to enhance understanding of the big picture. In 
addition, the lecturers should synthesize the information, highlight intended learning 
outcomes, repeat the key points and bring a subject to life.  According to the study, students 
often value the knowledge of lecturers higher than the knowledge they reach by their own 
ways. In addition, lecturers can share the most current knowledge of the topic and of their 
own research findings. (Revell & Wainwright, 2009.) 

Bunce, Flens and Neiles (2010) ended up to the same conclusion. Authors investigated 
students’ attention declines with the personal clickers during the traditional lecture and in a 
lecture, which included student-centered pedagogies. In a traditional lecture, teacher 
presented information to an audience and the flow proceeded from the teacher to the student. 
According to investigations, students' engagement alternates between attention and no 
attention in the lectures.  As the lecture proceeded, the time of attention shortened. The 
decline in attention in student-centered learning environment was significantly lower. 
Authors advice teachers to be aware of student attention and improve attention by using 
student-centered pedagogies.  

The activities planned by the teachers can also take place outside the classroom, usually 
called homework, exercise practice, assignment tasks, etc., in literature.  

The research conducted in United States between years 1987 and 2003, found a positive 
influence of homework on academic achievement. However, the authors address that more 
research under the topic is needed (Cooper, Robinson, & Patall, 2006). Epstein and Voorhis 
(2001) point out that teacher's role in out of class activities is to assign and design the 
practices, which help students to meet the intended learning outcomes. Teachers have to 
consider elements such as the purpose and format of the practice in the way that engage 
students in learning. The content analysis carried out by Epstein and Voorhis (2001) showed 
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that teachers have assigned homework, for instance, to provide students opportunities to 
practice skills taught in class, to get prepared for the topic of next lesson or the test, to 
engage students in learning and apply specific skills and knowledge. In addition, homework 
tasks assist students in self-development. The homework also assists in developing and 
recognizing students' talents and increase interactions outside the class. 

National Research Council (2000) addresses that by providing students enough time to 
process new information leads to the deeper understanding. It is also important to notice that 
learning is an active process, and continues outside the teaching situation. 

According to the authors, technology provides people an access to extensive knowledge and 
connects people and communities. Many technologies are interactive and therefore enable 
learning by doing. By technology, it is easier to receive feedback, continually refine 
understanding, model, build a new knowledge and visualize difficult-to-understand 
concepts.  

In a good learning environment, the feedback during the learning process is extremely 
important. Students are able to improve their learning and teachers can improve their 
teaching. The final assessment measures what students have learnt. As a sign of the 
successful knowledge transfer, students know when, where, why and how to use the 
knowledge they have been taught. (National Research Council, 2000.) 

 
6. Adaptive expertise 

Expert teachers know the structure of the knowledge in their disciplines. This helps them to 
plan their own roadmaps for teaching and assignments for students. Expertise in a particular 
field does not guarantee that one is good at helping others to learn. Sometimes experts forget 
what is easy and what is difficult for other people. A professional development requires 
continuous learning. Accomplished and adaptive teachers assess and reflect their own 
effectiveness with their students, or in the company of critical colleagues. They are ready to 
modify their teaching plans accordingly. (National Research Council, 2000.) 
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2.3 Course pedagogy    

2.3.1 A method for knowledge building 

The experts involved in the education process should have an understanding of the structure 
of their own discipline. In addition, they should have adequate language skills of the 
discipline, an understanding of the discipline uniqueness, and its epistemology, in order to 
support effective teaching and learning. (National Research Council, 2000.)  

These teaching and learning elements are reflected in a method called The Perceptional 
Approach – A Practical Teaching Philosophy. According to the approach, the understanding 
of principles of concept formation is an essential base for teaching. The method was 
developed at the University of Helsinki between the years 1973 and 2000 (Kurki-Suonio, 
2011.) Approximately 600 physics teachers, 20 percent of all physics teachers in Finland, 
have studied the method in didactical courses (Siemsen, 2010).  

Although the method has been used mainly in physics teacher education, it aims to function 
as a tool in the developing of teaching also in other sciences (Kurki-Suonio, 2011). For 
instance, the method was applied, along with four other teaching approaches, to task-centric 
holistic agile teaching approach on teaching cyber physical system engineering to the 
international students in Germany and Russia (Mäkiö, Mäkiö-Marusik, & Yablochnikov, 
2016; Mäkiö−Marusik, Mäkiö, & Kowal, 2017). As well as air quality, the nature of topic 
is interdisciplinary, which requires skills to consider knowledge from multiple fields 
simultaneously. In addition, the authors stress social skills. The participants with various 
backgrounds need to communicate and collaborate with each other in multiple ways.  
(Mäkiö, Mäkiö-Marusik, & Yablochnikov, 2016).   

In the article Ernst Mach and the Epistemological Ideas Specific for Finnish Science 
Education, Siemsen (2010) writes about the Finnish uniqueness in the philosophy of science 
education. He states that a main result in the empirical success of Finnish science education 
is based on Machian ideas implemented in the method of Kurki-Suonio. The article is based 
on intensive research, interviews, and discussion processes, with a large number of science 
educators from university, school, and government, and it is indicated by empirical studies, 
such as the OECD PISA study. (Siemsen, 2010.) Today, the education of the physics 
teachers in the University of Helsinki relies on two approaches, the Perceptional Approach 
(Kurki-Suonio, 2011) and the Knowledge Consolidating Approach for Content Knowledge 
(Mäntylä & Nousiainen, 2015). The approaches are in many ways very similar but they rely 
differently on the background relating to research and emphasize the significance of theory 
and empiry differently (Koponen & Nousiainen, 2015). 

According to the philosophy of the perceptional approach, the individual processes of 
learning and scientific research are different manifestations of the same process (Kurki-
Suonio, 2011).  The approach shares the view of Dewey, who says that science is the natural 
continuation of learning (Dewey, 1916). Both processes aim for understanding of the 
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unknown of the natural and social worlds. The scientific community develops science; an 
individual develops one’s own knowledge through different levels of understanding. They 
both share the same perceptional process of learning. The approach identifies the creation 
of meanings in human mind as perception. The perception arises from the interaction 
between nature and the human mind. Awareness of meaning is the essence of understanding. 
(Kurki-Suonio, 2011.) 

We observe and interpret nature from birth. Our minds create mental pictures, in other 
words, empirical meanings of the elements of nature. The meanings are perceived and 
conceptualized. The concepts represent meanings. Concepts furnish us with linguistic terms, 
which enable communication. Simultaneously, mental pictures and structures created in our 
minds in perception process, guide our observations.  Therefore, these two opposite actions, 
between the mind and nature, continuingly intertwine and cannot be separated from each 
other. This two-way dynamics between the mind and nature can also be regarded as two-
way dynamics between the scientific and technological processes. In addition, humans are 
members of communities, which means that the social process continuingly influences on 
all actions. (Kurki-Suonio, 2011.) Social processes in this study context refer to all kinds of 
activities that involve interaction between people. 

The scientific process proceeds from empiry to theory. It aims towards understanding and 
is driven by eternal human inquiry. It aims to answer to the question, Why does nature act 
the way it does? Science is not able to offer final explanations, but through investigating 
empirically and presenting how nature acts, repeatedly, it is able to provide more and more 
general and profound explanations. Therefore, the scientific process continually expands 
our worldview. (Kurki-Suonio, 2011.) 

The technological process is driven by needs or wishes of any individual or group.  
Processes apply the knowledge created in the scientific process. It aims to create benefit and 
practical significance for people by exploiting nature, regulating natural phenomena, 
shaping our environment and developing technological products. Therefore, the process 
maintains an ever-changing and evolving technological environment. At the same time, new 
needs and problems arise, as a consequences of nature manipulation. The new phenomena 
discovered require again an intervention of a scientific process in order to produce new 
natural laws for understanding. This again leads to the new activities, adaption of the 
behavior to the condition of nature and invention of new products such as steam engine, 
AC, radio, plastic, computer, nuclear bomb, etc., in history of humankind. Technological 
process influences and changes the world.  (Kurki-Suonio & Kurki-Suonio, 1994; Kurki-
Suonio, 2011.)  

As perceived, the scientific and technological process form a dynamic two-way process at 
the same way as the interaction between the mind and nature does. They form a one cyclical 
process, in which the knowledge creation is driven by the questions why and how, and with 
needs and wishes. Neither process exists without the other. The interaction of experimental 
and theoretical knowledge, created in the processes, affects and transforms each other. The 
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continuing two-way process forms a cumulative and hierarchically layered structure of 
knowledge. Further knowledge is based on earlier knowledge, and research to earlier 
research. New layers are based on previous ones. The better one adopts the meanings of the 
earlier concepts; the better becomes one’s possibilities to learn more. (Kurki-Suonio, 2011.) 

The social process covers all the elements of the other processes. The three processes are 
tied together into one great cultural process of humankind (See Figure 2.3.1). Besides 
individual minds interact with the nature, they interact with each other in communities. The 
social processes aim towards consensus. It brings the background motivations, needs and 
wishes to the conscious level. Therefore, through communication, the community can 
evaluate and approve them. (Kurki-Suonio, 2011.)  

Language is a product and a methodical tool in social process. It enables the interaction and 
communication between and within different community hierarchies. All languages in the 
world form hierarchical structures and entities separately and together. Language develops 
from sounds to sentences. Similarly, terminology develops the language of science and 
technology.  The developments of the languages are also linked to cultural development. 
The changes in values of the societies influence science communities, and, therefore, 
knowledge development. For example, art, being a part of culture, also has an important role 
in science. Science has inspired artists as well as art has inspired scientists through human 
history. For example, the worldview of different eras is well represented and reflected in the 
world of art.  (Kurki- Suonio, 1994; 2006.) 

 

 
Figure 2.3.1.1. The scientific and technological processes are acting as the ‘force and 
counter force’ of the interaction of nature and mind or empiry and theory. Proceeding in 
opposite directions, they form a cycle, which gives rise to a spirally hierarchical progress of 
science and technology. This whole dynamics is embedded in the social process. Modified 
from the figure from Kurki-Suonio (2014) with the permission from Kurki-Suonio (2019). 
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The gradual construction of concepts also appears in the history of science. To aim towards 
understanding through three processes leads to generalized hierarchy, where nature is 
explained through ever-wider and more general conceptions. Single events are understood 
when they are perceived as different manifestations of the same phenomena. In pre-history, 
the phenomena were separate areas. In classical physics, continuing scientific processes 
bound the different areas together systematically. Therefore, the level of generalization 
grows. (Kurki-Suonio, 2011.) The modern physics aims towards more general conceptions 
by trying to explain all the physical phenomena with a single theory called A theory of 
everything (TOE) (Weinberg, 2011). The unification of physics, because of different 
processes in history is illustrated in Figure 2.3.2. 

 

Figure 2.3.1.2. The unification of physics over time. From Kurki-Suonio, 2011. 

 

The meaning of history is important in knowledge development. Structural knowledge is 
developed in history in the same way as humans naturally learn (Kurki-Suonio, 2011). 

Therefore, studying the development of air quality science in history, we are able to 
understand how air quality knowledge can be reached again, or how to reach for better 
understanding.  

Perceptional teaching progresses from observations of nature to understanding.  It has two 
mottos “meanings first” and “ask nature”. In perceptional approach, quantities and laws are 
adopted as representations of perceived properties and their observed correlations, 
respectively, while in theoretical approach they are adopted as algebraic symbols and 
equations thinking, that the equations are sufficient as definitions of the quantities involved. 
Thus, it ignores the meanings, which are key functions in understanding. It forces students 
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to jump straight to the highest level in conceptual structure without building understanding 
of the concepts. This will inevitably lead to gaps in understanding, or might even cut the 
development of knowledge. (Kurki-Suonio, 2011.) 

Arons (1997) presents similar criticism by stating that “backward science” and “accelerated 
learning” do not provide students ability to understand what understanding means. If 
knowledge is presented only as a collection of products, formulae, canonical statements, 
etc., the equations will illustrate memorized familiar symbols and patterns, which can be 
arranged in different ways.  Arons (1997.) To avoid gaps in understanding, teachers should 
identify the students’ initial level and facilities in order to find a right beginning level for 
teaching. Students’ own observations and experiments, such as everyday experiences, of the 
phenomena should be regarded in teaching (Kurki-Suonio, 2011).  

The concepts have a qualitative and a quantitative level. Knowledge formation begins with 
the basic perception. Empiry, in a beginning, is repeated and continues sensations of nature, 
observations (such as everyday life phenomena), qualitative experiments and trials. The 
qualitative empiry identifies the basic mental products of nature, called as gestalts. It means 
perception of entities and phenomena, their properties in relation to time and space and to 
each other. The role of language is to conceptualize the gestalts, to make possible 
communication about their meanings. Words are defined as representations of the meanings: 
nouns, verbs and adjectives corresponding to entities, phenomena and properties. Language 
is a qualitative level of conceptualization. (Kurki-Suonio, 2011.) 

The quantification level gives quantity to those gestalts perceived on a qualitative level. 
Quantities are the basic elements of laws and theories. Pre-quantification creates 
comparative gestalts by observing changes in properties and different degrees of properties, 
such as larger/smaller and increasing/decreasing. It is also important to observe the ways in 
which the changes occur. The comparative perception level automatically leads to the 
questions, how much larger, how much stronger, how large and how strong. Further, the 
questions lead to the measurements. (Kurki-Suonio, 2011.) 

Quantification is a process, which leads from qualitative level to quantitative level. 
Quantification means literally, “giving quantity to something previously regarded as having 
only quality” (Rh Value Publishing, 1994).  

The magnitudes of any given set of discrete entities or events are measured by the quantities 
that consist of numbers and agreed and chosen units. Each quantifying experiment requires 
the measurements of other quantities to be known in advanced. The laws describe, in 
mathematical forms, the correlations between the measured values of related quantities. By 
repeating the measurements, within a certain domain of validity and outside of it, and 
expanding the experiments into new situations and systems, the laws represent more and 
more reality. Therefore, they are generalized. Theories represent the basic laws and basic 
models created in the processes and are located at the highest level in a structural hierarchy 
of knowledge. Theories enable modelling and make predictions of natural phenomena 
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possible. Therefore, theories become the basis for understanding empirical laws. (Kurki-
Suonio, 2011.)  

Sometimes an understanding of new phenomena requires understanding of the knowledge 
structure created in history of the related phenomena. Therefore, the new phenomena 
discovered leans on the shoulders of giant. (Kurki-Suonio & Kurki-Suonio, 1994.). Figure 
2.3.1.3 illustrates how the understanding develops in cyclic processes between nature and 
mind - climbing the ladder, systematically, towards a deeper level of understanding. The 
picture can help teachers or planning teams in making the curriculum in a small scale or in 
a larger scale depending of the area to be learnt. By progressing systematically in planning 
and teaching, according to approach, the deeper understanding will be reached.  

 

 

Figure 2.3.1.3. Knowledge building. The understanding develops in cyclic processes 
between nature and mind - climbing the ladder, systematically, towards a deeper level of 
understanding. The model of “the ladders of understanding” in a figure is adopted from 
Kurki-Suonio, 1994 with the permission from Kurki-Suonio, 2020. 
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The philosophy highlights that learning is a process of individuals. Everyone percepts the 
concepts themselves. Teacher can help students to observe but cannot learn behalf of the 
students. Understanding means that people are able to identify and represent the structural 
gestalts gradually with most common concepts. Every formula, concept, method, computer 
programs, machines ‘given’ without learning their meaning leads to the end of knowledge 
development or to the holes in a structure.  (Kurki-Suonio & Kurki-Suonio, 1994.) 

The Air Quality Education Team used Practical Teaching Philosophy as a recommended 
tool in planning the Air Quality in a Changing World course lectures. Two lecturers and I 
created a couple of models from different air quality subfields in order to help other lecturers 
to plan their own lecture curriculum. I also used philosophy as a background theory for 
investigations of scientific, technological and social processes of air quality in history. The 
aim was to understand how the understanding of air quality, in other words, the knowledge 
building and language of air quality, has developed through history. It assists in 
understanding of how the necessary knowledge of air quality is possible to reach again, or 
is history able to predict, how the new knowledge in air quality issues is able to reach.  

Choosing the Practical Teaching Philosophy as a tool for planning the structures in lectures 
in air quality education relies on the following aspects: 1) A Practical teaching philosophy 
supports the same successful elements as is pointed out in wide literature reviews and in 
researches in practice, but instead of separate parts, it forms a practical entity for planning. 
2) The nature of atmospheric sciences, which studies the air quality, is a young, developing, 
interdisciplinary and multicultural field, which is strongly based on the impacts of the air 
pollution to the environment. The further development of the field requires a continuing 
development in creating a common language for communication. Practical teaching offers 
a systematic and structured tool for this development. 3) I have over 20-year-experience in 
learning and teaching with the Practical Teaching method, which enhances and supports the 
implementation of the philosophy in the course. 4) The philosophy is widely and in a long 
period used in physics teaching and physics teacher education in Finland. It is developed for 
teaching of physics. Atmospheric sciences, as well as physics, belong to natural sciences. 
Therefore, it can be assumed that the philosophy is applicable for air quality education. 5) 
Atmospheric sciences aim to influence on wide audience and stakeholders. The perceptional 
approach takes into account all the processes, which influence on learning of the humans.  

2.3.2 Constructive Alignment - teaching for quality learning 

Constructive Alignment (CA) is a practical design for teaching in higher education. The 
characteristic of the design is that it clearly states what the students are intended to learn and 
how they should express their learning before the teaching begins. Teaching aims to design 
learning activities, which engage the students and therefore help them to achieve the goals.  
In addition, the assessment tasks are designed the way, which make visible how the 
outcomes are achieved. (Biggs, 2014).  CA is developed by John Biggs, who has dealt with 
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the CA in many institutions, such as Canada, Australia, Hong Kong and the UK (Biggs, 
2003).  

Constructive Alignment (CA) is an example of outcomes-based education (OBE) (Biggs, 
n.d.). OBE focuses and organizes everything in an educational system in order to achieve 
the goals at the end of the learning experiences. OBE takes into account students’ 
differences in learning, and all the activities in education should be essential for leaners and 
help them achieve the goals. (Spady, 1994.) 

Biggs and Tang (2011) state that CA differs from other outcomes-based education (OBE) 
approaches by addressing that teaching should increase the likelihood of students achieving 
outcomes. In practice, it means that the teaching and learning activities and assessments 
tasks need to be systemically aligned with the learning outcomes. In addition, instead of 
lecturers talking about the topic, as done in traditional teaching, leaners are required to 
engage with the learning activities. For instance, students, who question, interpret and 
reflect, are more engaged in learning. (Biggs & Tang, 2011.) The CA has been successfully 
implemented in universities all over the world (Biggs, 2003). 

Constructive Alignment has two aspects. The constructive aspect refers to the learner 
creating and constructing meanings through relevant learning activities. Learning is always 
his or her own process and cannot be imparted or transmitted from teacher to learner. The 
alignment aspect refers to what the teacher does. The role of the teacher is to create a 
learning environment that enhances achieving the desired learning outcomes, and teaching 
catalysts learning.  (Biggs, 2003.)  

The setting of aligned system for education includes four steps: 1) Defining learning 
outcomes, 2) Choosing teaching and learning activities, 3) Assessing and 4) Grading.  

 

1) Defining the intended learning outcomes on three levels: graduate, degree programme 
and course outcomes (Biggs & Tang, 2011).  

Graduate outcomes differ from university to university. However, commonly they are 
defined as generic skills or abilities that should be included in all situations or they should 
be taken into consideration within the contents of the disciplines. Literacy skills, generic 
problem-solving strategies, critical-thinking skills, leadership, independent lifelong 
learning, values-based decision-making, logical reasoning, and written and oral 
communication skills are examples of university learning goals. (Biggs & Tang, 2011). 

According to Biggs and Tang (2011), the programme level planning should begin with 
identifying what it is meant to achieve, and what is its focus and context?  

The outcomes should consider the skills, which students should have achieved in the end of 
the course. For instance, the students achieve the conceptual and contextual framework and 
practical skills of the profession, skills to analyze the framework, apply the skills on real-
life situations and solve problems. In addition, the skills such as communicating effectively 
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of the topics taught and operating effectively and ethically as a team member in real-life 
situations may be considered. (Biggs & Tang, 2011.) 

The course outcomes should include what kind of knowledge, content and level of 
understanding the students are expected to achieve (Biggs & Tang, 2011.) In addition, Biggs 
(2003) highlights that it is important that the students are able to put the knowledge acquired 
to work. According to him, most students do not do it if it is not required. Outcomes should 
cover the reasons to teach the topic and they should be clearly stated. In addition, the number 
of outcomes should be manageable and aligned with designed learning and teaching 
activities and assesment tasks. (Biggs & Tang, 2011.) 

Biggs (2003) suggests that teachers use verbs in describing the level of understanding 
students should achieve. Verbs such as reflect, hypothesize, solve, unseen complex 
problems and generate new alternatives could be used in setting levels and outcomes for 
higher understanding. Describe, identify and memorize may help in setting the goals and 
their levels for lower level of understanding. In addition, same verbs should be used in 
teaching and learning activities, and in the assessment tasks. (Biggs, 2003.) 

According to Biggs and Tang (2011), educators should ensure that all the topics planned to 
be taught on a course should be balanced. It is not meaningful to cover all the issues in same 
extent and depth. Prioritization is needed. If the topic is very important, more time can be 
spent on it. As well, the more important topics should be understood at a higher level than 
less important ones.  

As educators are experts of the topic, they might include too much content to the course 
schedule. Therefore, the students do not have enough time to go deep enough in a topic and 
understand it.  Especially, in shared teaching, it is often thought that everyone's own topic 
is the most important one. In addition, Biggs and Tang (2011) highlight that all outcomes, 
on all levels, should be mapped to confirm that they are aligned with each other.  

 

2) Choosing teaching and learning activities likely to lead to the learning outcomes. In 
addition, setting up an environment that maximizes the engagement of the students.  

Biggs and Tang (2011) suggest that instead of talking to the students, teaching should use 
interactive teaching and learning activities.  

Teachers should help students to get away from passive listening and selective memorizing 
by using variable classroom activities or tasks. Pre-lecture tasks, talking and questioning 
with the neighbor about the contents they had just learnt, pear teaching, creating concept 
maps, interactive group works and work-along exercises during the class in order to apply 
the knowledge taught could be relevant methods in activating the students in learning. 
(Biggs & Tang, 2011.) 
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3) Assessing students' learning outcomes  

Biggs (2003) addresses that it is very important to ensure that the assessments are aligned 
with the outcomes of learning. The alignment prevents teaching to become distorted.  

Assessments can be implemented in formative or summative ways. Formative assessment 
provides information for both students and teachers on how learning is progressing during 
the course. After detected, both teachers and students have an opportunity to change the 
direction of teaching and/or learning. Students can be activated in formative assesment, for 
instance, by self and peer assesment methods. In addition, their judgements can be taken 
into account in grading. (Biggs & Tang, 2011.) 

Summative assessment provides the knowledge of how well, in graded levels, the students 
have achieved what was intended to learn.  

Biggs and Tang (2011) highlight that as well as in defining the outcomes, the verbs may 
help addressing the type and depth of achieved understanding. For instance, by asking 
students to identify, recognize, list, compare, interpret, formulate, hypothesize and create 
orally or by writing something of the topics studied, may help in assessing the level of 
learning. Using verbs such as apply, design, create, reflect and improve in assessment tasks, 
and giving tasks to solve the unseen problems and asking to perform a case study,  put 
knowledge to work. In addition, they show the level of understanding and the professional 
skills in those issues that students should be able to apply in real-life contexts. 

 

4) Arriving at a final grade 

Biggs and Tang (2011) write about quantitative grading that is giving marks. In qualitative 
grading, it is measured, in a holistic way, how well the assessed performances meet, what it 
was intended to. For instance, the knowledge levels and depths can be divided into 
categories based on intended outcomes. In different ways performed knowledge is then 
compared with the categories. The best match determines the grade.  (Biggs, 2002.) 

 

The inter- and multidisciplinary characteristic of air quality highlights the meaning of 
alignment in planning of outcomes, in learning and teaching activities and in assessment 
tasks.  

Building the holistic view of air quality requires an understanding of the issues, which are 
related and are able to be bridged with other disciplines. Therefore, it is very important that 
designers and lecturers of the course consider alignment in different planning group 
configurations.  

As well, as the subject area of air quality is new and fast developing science, in addition in 
building the bridges between the subject areas, the experts had to work intensively in 
building their own understanding and view of the outcomes and contents needed within their 
own expertise area.  
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Therefore, the focus and the nature of planning the course was in aligned outcomes.  

The course was also open for students form other degree programmes, giving them a 
possibility to learn common knowledge of air quality. Therefore, it was important to pay 
attention that the context, for instance students’ level of understanding in air quality issues 
in the beginning, and the depth and the extent of the course outcomes and contents, were 
aligned with each other.  

Lecturers as learners and high interaction between all designers were characteristics and 
were highlighted in the Air Quality in a Changing World course process. Lecturers were 
supported to adopt the methods that are more active into action in a course and use verbs in 
planning the outcomes as it is suggested in Constructive Alignment. In addition, they were 
asked to consider that all the tasks implemented in the course should be aligned with the 
learning outcomes. The use of elements of Constructive Alignment in planning and 
implementation of the course are presented more detailed in Chapter 4, in an empirical part.  

2.4 Core practice framework 

The questions under the paragraph, are based on the literature and to the studies of Lavis J. 
et al., review studies of Spelt et al., wide work of The Committee on Developments on 
Science of Learning in US, two committees of The Commission on Behavioral and Social 
Sciences and Education of the National Research Council (NRC), the practical research of 
Bressan et al. and to the Practical Teaching philosophy, presented in Chapters 2.2 and 2.3.1.  
As well, the guidelines of the authors of an interdisciplinary research, presented in Chapter 
1.1.3.2, were regarded. In addition, the principles of Constructive Alignment (Chapter 2.3) 
were considered in planning the outcomes, learning and teaching activities and assessment 
tasks through the whole planning process.  

The questions form a practical tool for the Air Quality in a Changing World course planning. 
The modified version of the core practice framework, called Modern Educational Design 
Framework (MEDF), facilitates in achieving the present research aim. The MEDF is 
presented in Chapter 5.1. 

 

Background 

 

The organizer and/or the steering group create background of the education. It creates the 
large picture of the education process.  

 

1. What is the problem or challenge, that needs to be affected or solved and why? 
1.1. Which message is needed to transfer and why? 
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2. What knowledge and skills (main goals of the education) on a large scale are needed, 
necessary and are able to transfer? 

3. To whom, is a necessary and transferrable message most effective to transfer? 
4. In which context does the education take place?  

4.1. What kinds of special needs and challenges does the context set?  
4.2. What actions are necessary to take in order to answer to the needs and overcome 

these challenges?  
5. What kinds of team configurations are needed to set more specific outcomes, and to 

plan, implement, evaluate, and develop the education? 
6. What kind of interaction between the disciplines, experts and stakeholders contribute 

towards the achievement of the goals? 
7. Who or which group educates the target group?  

7.1. Who is provided with adequate knowledge and skills on transfer?  
7.2. Who have an impact on those who can act?  

8. How to take into account resources like time, money, and lecturers’ possibilities to 
plan education and teach?  

9. How to collect a common feedback of the course and how it is handled? 
 

Part A – Course planning 

 

The team responsible for the implementation of the course work together with the 
teachers/lecturers in creating a more specific plan of the course.  

 

10. What kind of teaching philosophy and/or manner of approach is appropriate in this 
education?  

11. What are the more specific outcomes in knowledge and skills? Be sure that they are 
aligned with the general outcomes defined by steering group or organizer.  

12. What kind of content supports the achievement of the learning outcomes? 

13. What are the hierarchy and the structure of knowledge under the topic? 

13.1. How has the knowledge been created and structured in history? 
13.2. What kinds of teaching and learning approaches, philosophies and processes 

support the knowledge development within the topics?  

14. How to build a course content plan using the knowledge gained from the questions 
from 10 to 13?  

15. How to find out students’ needs, preconceptions, starting level in knowledge and 
skills, attitudes, cultural background, experience, age, stances, and motivation? 

15.1. What aspects do these things bring to the course? 
15.2. How are these things able to advance the knowledge transfer? 
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16. What are the teaching methods, such as lecture discussions, exercises, 
demonstrations, exams, and class activities that support the learning of the structured 
content and/or other intended outcomes? 

17. How to take into account resources, such as time, and teaching and learning tools? 

18. What kind of evaluation is necessary to improve teaching and learning of all the 
participants and to find out the level of knowledge transfer? 

19. How and when to collect feedback and in which forms? 

19.1. Which method in collecting feedback is suitable for the purpose? 
19.2. How to handle the feedback collected during the course? 

 
 

PART B - Implementation 

 

PART C – Final evaluation, improvement plans and knowledge share 

 

The purpose of the part C is to handle the knowledge and skills the educators and organizer 
have gained in the process. The participants share their ideas of improvements. Therefore, 
they are better prepared to transfer the knowledge again to the new courses or other contexts. 
Sharing the new knowledge will also benefit experts outside the organization and 
stakeholders. It enhances important interaction and development between and within 
different fields.  

 

20. How is all the feedback handled so that improvements can take place? 

21. What kinds of modifications are needed to improve education? 

22. What new knowledge is suitable to share with a wider audience?  

23. How to transfer the knowledge gained to wider audience? 
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2.5 Expert workshop 

The Air Quality Education in a Changing World Workshop was held in 21st and 22nd of 
April 2015 in Nanjing, China. The workshop was organized in cooperation with the Nanjing 
University and the University of Helsinki. Some of the Air Quality in a Changing World 
program members as well as the Work and Research Group, which consisted of  two experts 
and me, were involved in workshop planning. The results are reported by Ruuskanen (2015).  

The workshop gathered around 40 experts of various fields, such as atmospheric sciences, 
environmental sciences, engineering, climate and global change research, international earth 
system, remote sensing and digital earth, chemistry and education together to share their 
knowledge and expertise under the subject areas of air pollution education and research. The 
workshop planning team consisted of experts from various fields, such as atmospheric 
sciences, forestry, education, and economics.  

The aims of the workshop were to make a survey of already existing air pollution education 
and to find the experts’ integrated vision of how to support society in solving the air quality 
problems. In addition, the workshop served as one of the research method in this study in 
building the core educational practice framework for the air quality education. 

China has a special role in air quality issues because it has a large influence on air pollution 
matters worldwide.  The economic development in China has been, and still is, very fast 
(Wen, 2016). The large number of people have risen from the poverty, and the living 
standard of them has increased steadily (Li & Tilt, 2019). Simultaneously, China has faced 
serious drawbacks, especially, outdoor and indoor air pollution, desertification, soil 
pollution, and the steady fall and pollution of the water table cause serious problems (Kan, 
2009).  

The Chinese Government has reacted to the threat of poor air quality and has acted to solve 
the air quality problems. (See Chapter 3.3.5.) Therefore, China and Chinese expertize in air 
quality issues have a special role also in the development of air quality education.  

Ørngreen and Levinsen (2017, p. 71) identify the meaning of workshops as “an arrangement 
whereby a group of people learn, acquire new knowledge, perform creative problem-
solving, or innovate in relation to a domain-specific issue”.  

In addition, the term has been described as a method for creative group problem solving as 
brainstorming. The method has been used in different formats in various contexts such as 
in policymaking, societal challenges, technology, organizational changes, innovation, and 
design. (Ørngreen & Levinsen, 2017.)   

According to the review of Ørngreen and Levinsen (2017), workshops are arranged to the 
limited target group who share a common domain, in a limited duration.  People who have 
experience within the domain and who are able to promote genuine participation, conduct 
them. All participants are heard, and they are expected to actively take part in and influence 
workshop activities. Therefore, the participants have an impact on the workflows. The 
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workshop is expected to fulfil a pre-defined, though not predictable, purpose. The outcomes 
can be, for instance, suggestions, designs, processes or innovations.  

Workshops may have a specific goal. It can be expected that the participants learn new 
competencies, practices, knowledge and ideas during the workshop.  Sometimes workshops 
have a development dimension. In that case, the participants create something new, such as 
a design or work process. If workshops serve as research methodology, the purpose of the 
workshops is to fulfil participants’ expectations to achieve something related to their own 
interest, or they are specifically designed to fulfil a research purpose, for instance, to 
produce reliable and valid data of the subject area under discussion. (Ørngreen & Levinsen 
(2017).  

Therefore, the Air quality in a Changing World Workshop fulfilled many of these aims. The 
knowledge and skills of air quality experts were shared and updated among the participants. 
Moreover, the new ideas of air quality education and research were created and the future 
scenarios were developed.   

The participants of the workshop were invited to prepare and give a 15-minute talk of 
following questions in a workshop. Therefore, the participants were able to begin the 
process the topics in advance. The questions were:  

1. What is your institutes’ expertise in air quality education?  
2. What is missing from the already existing education on air pollution?         
3. What would your institute or community benefit most from?  
4. What are your suggestions on the air quality education in China?    

The knowledge and experience of the atmospheric scientists in workshop were collected 
and integrated by the method called round table discussions. The method is similar to World 
café table method of Brown and Isaacs (2005).  

In a round table method, the participants are divided into groups. Each group is given 
different tasks in different tables, for instance questions to discuss. In Nanjing, the topics 
and questions were introduced to every group, in each table, by two facilitators. Each 
discussion session lasted 20 minutes, followed by participants moving to the next table. The 
facilitator provides short introduction of the previous discussions and the participants pick 
up where the previous group left off, or change paths or views of the discussion.   

All discussions were based on air quality and related issues.  Following topics and questions 
were set on the tables: 

1. Air quality education collaboration 
a. Who and what to educate?  
b. How to organize the education?  
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2. Key contents of air quality education 
a. What knowledge needs to be transferred?  
b. Who needs to know what?  

3. Comprehensive measurements 
a. What kinds of measurements are needed in China?  
b. How measuring helps us improving air quality? 
c. How to transfer data? 

4. Effective knowledge transfer, innovative thinking, and teaching and learning  
methods 

a. What kind of knowledge transfer is needed for sustainable air quality 
solutions?  

b. How to effectively transfer knowledge, skills and support solution 
oriented attitude?  

 

The following paragraphs summarize the main points of the discussions.  

The view of participants of who and what knowledge to transfer was: 

Policymakers: Holistic picture of air quality processes, policymaking, economy, green 
GDP, ensuring that the decision makers understand the priority of air quality among all the 
other topics.  

Future policymakers: Math, physics and chemistry in an interdisciplinary view 

Professionals of industrial field: Green technology 

The public: impacts of air pollution on health, exposure, to understand the effects of 
government policies  

University students: Research oriented education 

Professionals of air quality related fields (such as forecasters and health professionals): 
Update the knowledge, holistic picture, share their existing expertise 

Professionals of environmental protection agencies: Operational and regional modelling 

Participants highlight, as the knowledge in the field of atmospheric sciences is growing fast, 
the updating of the knowledge should be ongoing. It is important to think, who is the right 
person to teach the topics, and the education should be based on research. In addition, the 
participants address that air quality and climate change are interlinked and need to be solved 
together. Therefore, while giving education about air quality, the climate change should be 
discussed as well.  
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In addition to knowledge, the significant meaning of motivation, and updating and learning 
skills, especially in continuing education, were brought up. The skills mentioned in 
discussions were: solution oriented thinking, learn to share knowledge, teaching, innovative 
thinking and active learning.  

Monitoring and modelling tools support making future scenarios and strategies in air quality 
issues. Therefore, the experts addressed that education should help students to develop their 
skills in laboratory measurement exercises, processing of observations, using emission 
models and in maintaining of monitoring systems. According to the experience of workshop 
experts, skills that are practiced during the education are more likely to be transferred to 
use.  

Sharing of participants’ opinions, points of interest and experiences of air pollution 
problems and their solutions in different environments were seen to be important in 
deepening the understanding of the phenomena. In addition, universities should be able to 
share their resources, such as the work of teachers, materials, certificates and combination 
of existing applications. Arranging educational platforms in collaboration, especially in 
specialized courses, saves resources and benefits all the collaborators. Especially, for 
professors, who are very busy, the aspect of sparing time came up in the discussions. The 
technical support could also benefit educational settings in sharing knowledge to the society.  

The teaching methods, such as group and project work were mentioned as the methods, the 
professors had used in their courses.  According to the participants, lecturing is an important 
tool when aiming to build an overall picture and pointing out the scientific facts of the topic.  
Face-to-face lecturing was recognized as the most powerful tool in the beginning of a 
program, but later an on-line lecturing with tutoring was considered a good option too. 

Reading was seen as a good method, for instance, for professionals, who already has a basic 
understanding of the topic and who needs to update the knowledge.  In addition, pre-reading 
was seen to be a good method in preparing for a course. The themes studied in advance, 
should be discussed and understating tested during the course.   

The participants address that even if the education is less visible than, for instance, the filters 
installed to pollution sources, money spent on knowledge transfer pays off in a long-term. 
The deeper understanding of air pollution issues, such as its impacts on environment and 
society, promote in making more accurate and timely decisions in the fields of regulatory, 
technology and finance. Therefore, education is one of the main keys towards solutions.  

The air quality education should involve the knowledge transfer from science communities 
to the society such as policymakers and private sector. In addition, the next generation of 
multidisciplinary environmental experts and scientists should be involved in education.  

The participants highlight that education that is reliable, research-based and aims to build a 
holistic view of air quality, with cause and effects, would accomplish long-term solutions.  

According to the summary of discussions, the workshop participants address that the 
understanding of air quality issues, within the whole society, is very important. In addition, 
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they highlight interaction and sharing between all the groups who own knowledge and skills 
of air quality and related issues. They brought up an importance of sharing all kinds of 
knowledge, experience, skills, solutions, and material in air quality issues to all directions 
within the societies and in educational settings. They suggest ranging of educational 
platforms for sharing and transferring the knowledge and skills.  

In addition, the terms holistic and interdisciplinary existed in discussions, which strengthen 
the idea that the research of the development of knowledge structure of air quality, which 
enhance the holistic view, and the effective ways of transferring the knowledge within the 
society and in all levels of understanding, are needed.  

 

According to the experience of the experts of the subject field of air quality, the next 
questions are needed to add into a final framework (MEDF):  

- By what means to enhance interaction and sharing of knowledge, materials, data, 
experience, solutions and skills between the people who own the knowledge of 
air quality and related issues?  

- In which ways is the air quality knowledge transferred to politicians and the 
public? Especially focusing to most important target groups and by whom the 
education is carried out.  

- How to develop students’ monitoring and modelling skills and enhance training 
of them? (For students and stakeholders of the air quality subject field) 

- In which ways to support the skills of innovative thinking, solution oriented 
thinking, sharing knowledge, teaching and active learning. 

- How to promote understanding of the holistic view of air quality? 
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3 Building the knowledge structure of air quality 

According to Perceptional Approach of Kurki-Suonio (2011), understanding develops in the 
internal dynamics and interplay of the social, scientific and technological process.  The 
recent and past economic, social, industrial or cultural actions made by world leaders, other 
selected leaders or average people change the course of the world and the life of people 
living in it. At its best, history brings up consequences of the past actions and therefore it 
provides tools for the decision makers in order to develop different scenarios for the future.  

In education, history serves as a guide for educational planning.   In addition, it creates 
meanings and purposes for the air quality education. Chapter 3 aims to find answers to why, 
what, who and how to educate in the light of history. It serves as a guide in creating the 
meanings to air quality in teaching and learning. The Chapters 3.1 to 3.3 focus on United 
Kingdom, United States and China. They all are countries with the air pollution history, 
which are good but at the same time different examples of both successes and failures in air 
quality managements. Chapter 3.4 summarizes what the air quality education can learn from 
them.  

Chapter 3.5 forms the holistic view of air quality, which is a body of air quality education. 
The view bases on expert knowledge of the field of atmospheric sciences and on the 
literature reviews of this study.  

3.1 The history of air pollution in the UK 

3.1.1 From burning of wood to burning of coal  

Indoor air pollution has a long history. It is assumed that burning of organic fuels in caves 
about hundreds of thousands of years ago have generated combustion related air 
contaminants. (Phalen & Phalen, 2013). In an archaeological study, researchers have found 
an evidence of prehistorical exposure to particulate materials by examining mummified lung 
tissues and skeletal materials. The results indicate that people have suffered about the 
pneumoconiosis and maxillary sinusitis caused by wind-blown sand, indoor smoke from the 
central hearts and indoor smoking or exposure to droplet infection caused by the crowded 
rooms and poor ventilation. (Brimblecombe, 1999.)   

Outdoor pollution became significant due to the urbanization and industrialization. People 
lived at a high density (Brimblecombe, 1999), and the living environments were smoky and 
sooty (Douglas, 2014). Already in ancient Greece, people understood that air pollution is a 
potential source of health problems and had rules to protect people against it 
(Brimblecombe, 1999). 

In the 13th  century, because of the lack of wood, cities started to use coal as fuel. In London, 
the production of mortal and metalworking increased the smoke problem and led to 
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regulations. The Medieval administrators linked health with the air pollution, but mostly 
they were worried about the smell coming from the sulfurous gases, and not about the smoke 
itself. They imposed the fines on coal, banned the use of it as a fuel or tried to place 
industries outsides the cities. Despite regulations, the use of coal kept growing. 
(Brimblecombe, 1999.) 

In the early 1600s, the climate in England was much colder than in the Middle Ages 
(Brimblecombe, 1999). People needed more fuel to burn and the price of firewood was much 
higher than the price of coal (Thorsheim, 2006). Besides heating, the woods of forests were 
important sources for tools, implements, dwellings, and ships. Increasing population needed 
more food and more wood for heating and cooking. Therefore, more forest, especially close 
to cities such as London, was converted for agricultural use. (Tebrake, 1975.) The soot was 
seen all around the cities, in clothes, buildings, and gardens (Brimblecombe, 1999). 

In the 17th  century, scientists took notice of the rate of deaths in London and linked it to air 
pollution. Despite the increasing number of chimneys and stoves, people were still exposed 
to indoor smoke. The medical description improved significantly. The medical scientists 
described more diseases and tried to identify harmful components in the air. In 18th  century, 
they discovered chemically induced cancers and the doctors noted the debilitating effect of 
urban air on people’s health but only few brought up active solutions to the air quality 
problem. (Brimblecombe, 1999.) 

Through the employment opportunities, more and more people moved to cities in 1800th 
and 19th century (Brimblecombe, 1999). More coal was used in industry, in heating homes, 
to cook, to power railroads and ships and to make gas for lighting in homes and streets 
(Thorsheim, 2006). Coal-burning steam engines caused noise and smoke, which soiled 
houses and damaged plants near by the factories (Brimblecombe, 1999). 

Medical scientists started to pay more attention to the increased mortality in urban areas 
(Brimblecombe, 1999). Bronchial diseases were the most significant cause of death in the 
factory towns of Britain (Douglas, 2014). In the second half of the 19th century, besides 
health impacts, the health experts, urban reformers, journalists, artists and writers started 
and maintained the discussions of increased social problems, increased immorality and 
violent actions of crowds and the impacts on environment, which, according to their view, 
were caused by air pollution. In Britain, the reformers used coal burning as a key symbol as 
a need for a political change. The antismoke activism spread to different communities. 
(Thorsheim, 2006.) 

The presented requirements finally led to the foundation of The Committee for the 
Investigations of Atmospheric Pollution during the World War I. The research developed 
and the scientists brought up the technics, which measured deposited soot. The new data 
enabled the comparison between the different regions. (Thorsheim, 2006.) 

In 1920s and in 1930s, researchers studied that carbon monoxide was an important 
occupational exposure. They understood that carbon monoxide caused acute effect on 
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people because it affected the oxygen-carrying capacity of the blood. In addition, they 
observed that the smoke caused reduction of sunlight, which increased rickets among the 
children. (Brimblecombe, 1999.) 

The changes in interest led to numerous laws and legislations in order to decrease air 
pollution. Nevertheless, the lack of appropriate smoke control and a privileged position of 
industry, the smoke and sulfur dioxide concentration in the air increased in cities of England. 
(Brimblecombe, 1999.) Contrarily, every British family had a possibility to enjoy heat, light, 
ventilation, hot meals, and boiling water (Douglas, 2014). Despite the poor air quality, it 
appeared that people were more worried about having enough coal for their needs. 
Furthermore, some citizens did not believe that fresh air was possible to be achieved again 
(Thorsheim, 2006). The increasing number of particles from the coal burning formed an 
excellent nucleus for fog droplets and more and more fog surrounded the towns 
(Brimblecombe, 1999). 

Coal mining, first started in Britain, spread fast all over the world. The US led the coal 
mining from 1890-1950, then the leader was the USSR, and finally China in 1980. More 
and more people all over the world needed coal for heating and cooking. Burning of coil 
constantly increased the amounts of pollutants in air. West Europe and North America 
starter to use coal as a domestic fuel after 1850. After 1890, Northern China and the 
American Midwest followed. The coal burning intensely polluted, for instance, Pittsburg 
and Osaka as it has polluted London. (McNeill, 2001.)  

3.1.2 The air pollution episode in London 

Around the Second World War, some cities in Britain set up advisory committees in order 
to determine actions for smoke reduction. One action was to find alternatives to coal 
burning. The main alternative was the use of town gas, which was made of coal and coke at 
municipal gasworks. Still, many households used coal. The use of gas and coke reduced 
domestic emissions but added emissions from the gasworks. The pollution polluted both 
soil and water. (Douglas, 2014.) 

Despite the actions taken to reduce air pollution, air quality in London was very poor in the 
early 1950s.  After World War II, the reconstructions were the first priority. The national 
British coal industry had a monopoly in the markets. In December 1952, besides the 
criticism given by The National Smoke Abatement Society, the National Coal Board 
decided to sell the cheap, low quality and very smoky coal called nutty slack for the 
households. (Thorsheim, 2006.) Londoners faced the consequences of the use of nutty slack 
in December 1952, when the smog covered the City of London for several days (Douglas, 
2014). 

On December 4, 1952, a cold front had moved in across London (Corton, 2015). During the 
next few days, weather conditions were favorable for temperature inversion. The weather 
had been cold and rainy earlier. Therefore, the ground was cold. The angle of the Sun was 
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low in the sky and the winds were light. (Laskin, 2006.) People banked their fireplaces with 
tiny bits of coal and coal dust to keep themselves warm. Electric power cuts also increased 
the use of coal in households (Corton, 2015). About one million or more stoves and local 
factory chimneys spread out smoky and dusty fumes (Davis, 2002). The fumes did not stir 
up because of the light winds (Laskin, 2006). 

The next morning, the thick and yellow, sulfurous fog settled in the London basin. Visibility 
was very poor and the fog thickened within the next days. Concerts and performances were 
canceled because the audience could no longer see the stage, The BBC made changes in 
their programs because the artists could not reach the studio, sport events were canceled, 
and all transport was seriously affected. Many burglaries, attacks, and robberies were done 
under the cover of fog. People and animals suffered from breathing problems. The health 
officials had to admit that mortality was much higher than the previous year.  After the first 
week, 519 more deaths occurred. After two weeks, the number of deaths was 4703. That 
was over twice as many deaths compared to the year 1951. After three months, government 
officials reported 8625 more deaths. The officials explained later deaths by an influenza 
epidemic, although almost 3000 deaths were unexplained. The scientists highlighted that 
the deaths were attributable to air pollution because the air pollution levels remained high 
through January. (Corton, 2015.) Despite the studies of the scientists, the minister of health 
announced that the weak health conditions, particularly of old people, are the main reasons 
to the deaths (Thorsheim, 2006).  

After the episode, scientists continued investigations of the phenomenon.  Wilkins (1954) 
investigated the connections between the deaths and pollution levels during the London 
Smog episode. He found remarkable parallelism between them, and pointed out that the 
correlation could not be a coincidence. He identified that there was around 12-hour short 
time-lag between cause and initial effect. Logan (1953) also found out that increase in 
deaths, assigned to bronchitis and pneumonia, occurred already the first day of the fog. In 
addition, Wilkins (1954) notes that the number of deaths per day slowed down relatively 
slow to normal after the smog. According to investigations of Bell and Davis (2001), it took 
months to slow down to the levels before the episode (See Figure 3.1.2.3). Figures 3.1.2.1 
and 3.1.2.2 illustrate the notifications of deaths and pollution levels investigated by Wilkins 
(1955) and Logan (1953). The calculated Pearson’s coefficient (r =0,883) indicates very 
strong relationship between the variables illustrated in Figure 3.1.2.2. (See KvantiMOTV, 
2003). It is good to consider that the pollution levels are average levels counted form 11 
different measurement stations. In addition, the level of pollution varied a lot between the 
regions measured.  
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Figure 3.1.2.1. Concentration levels of smoke and sulphur dioxide (SO2) and number of 
deaths per day during the London smog episode in 1952. The number of deaths data is 
adopted from Logan (1953) and the concentration levels of smoke and sulfur dioxide data 
are adopted from Wilkins (1954). 

 

 
Figure 3.1.2.2. The correlation between the deaths per day and the concentration levels of 
sulphur dioxide (SO2) during the London smog episode (from December 2nd to 10th, 1952) 
was very strong (r=0.883). The number of deaths per day data is adopted from Logan (1953), 
and the concentration levels of smoke and sulfur dioxide are adopted from Wilkins (1954). 
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Later sensitivity analyses reveal the hypothesis of epidemic cause of deaths. The analyses 
show that only an extremely severe influenza epidemic could cause as many deaths as the 
London smog did. (Davis, 2002.) At that time, only twelve monitors in London measured 
the amount of smoke (total suspended matter, TMS) and sulfur dioxide (SO2) concentrations 
(Wilkins, 1954). Daily temperatures and humidity were measured in two locations (Bell & 
Davis, 2001).  

Bell and Davis (2001) compared public health insurance claims, hospital admission rates 
for cardiac and respiratory disease, pneumonia cases, mortality records, influenza reports, 
temperature, and air pollutants to the previous year and years. They also compared the 
information from health reports to the distribution of the air pollution level. Figure 3.1.2.3 
shows the clear evidence of the relationship between the mortality and the concentration 
levels of sulfur dioxide. Pollution levels in London were 5- 19 times above current 
regulatory standards from December 1952 to February 1953 and caused 12 000 excess 
deaths (Bell & Davis, 2001). 

 

 
Figure 3.1.2.3. Approximate weekly mortality and SO2 concentrations for Greater London, 
1952-1953. (Bell & Davis, 2001). The Figure is reprinted from Environmental Health 
Perspectives with permission from the authors. 

 

The London Smog air pollution event finally forced the government to make several 
changes in practices and to make regulations that were more effective.  However, it was not 
until 1956, when the first Clean Air Act was legislated. (Douglas, 2014.) 

In the act, the British Government prohibited dark smoke from chimneys, except some 
temporary exceptions. The government required that the new furnaces should be practicably 
smokeless.  The apparatus to indicate and record the smoke density may be required and 
local authorities have to have a possibility to use data. Buildings, except ones with the low 
heating capacity, have to minimize the grit and dust from their furnaces. In addition, the act 
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regulated the height of the chimneys and declared the smoke control areas.  (UK 
government, 1956.) 

In 1961, the world’s first coordinated national air pollution monitoring network was founded 
in England. The number of government measurement stations and the measured pollutant 
types increased rapidly from 1972 to 2008 in the UK. (UK Air, 2011.) Although the new 
legislation, better technology and cleaner fuels, and monitoring, the rate of the pollution 
concentrations of the black smoke and Sulphur dioxide, did not reach the wished levels. 
Still, in 1960s, the Britain suffered from major smog episodes. (Mosley, 2017.)     

The public concern and anxiety about the air pollution rose again, which lead to the second 
act, passed in 1968. In addition to the contents of the 1952 act, the new act regulated the 
height of the chimneys in more detail in order to promote sulphur dioxide (SO2) dispersion 
in the air. It also gave the authorities an order to approve issue permits, to prescribe limits 
on grit and dust emission levels, to control and to impose fines. (UK Government, 1968.) 
Finally, after the various economic, political, technological, and socio-cultural obstacles, 
the awareness of the benefits of clean air rose. The citizens were able to enjoy about the 
sunshine, greater diversity of flora and fauna, cleaner buildings and better health.  (Mosley, 
2017.) Although, the regulations of the acts focused on smoke from coal, they also had a 
direct effect on SO2 emissions, which decreased in parallel with the smoke levels.  Mainly 
the use of cleaner fuels and new cleaning technology at coal-fired power stations decreased 
SO2 emissions by 95% from 1990 to 2016. The amount of PM2.5 and PM10 in the air 
corresponds to the amount of smoke because the smoke consists the particles of such size.  
(UK NAEI, 2018.) The UK national emission development of PM2.5, PM10 and SO2 
between the years 1970 and 2016 is illustrated in Figure 3.1.2.4. 

 

 
Figure 3.1.2.4. The average emissions of PM2.5 and PM10, and SO2 have decreased in 
parallel in England from the year 1970 to 2016. The data of the graph is adapted via 
naei.beis.gov.uk by Defra & BEIS.  The data is under the Open Government License (OGL). 
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The air pollution event of London Smog had a great impact on science, public perception of 
air pollution, and government regulation in the UK and abroad. It taught people that the 
strong rise in air pollution levels causes immediately sharp increase in deaths and illnesses 
but also it showed up long-term effects of air pollution - mortality increased months after 
the episode. (Bell, Davis, & Fletcher, 2004.) The consequences of great London smog 
indicate the need for diligence with the high air pollution that still exists in many parts of 
the world. Biomass fuels, garbage and other incompletely burned organic materials cause 
bad air quality in people’s homes and working places especially in fast developing countries. 
(Davis, 2002.) 

Some extreme air pollution episodes happened also in Belgium, the US and Mexico. In 
1930, emissions from many industrial works stayed in the Meuse valley, Belgium, 
contributing to the thick smog formation. Particularly old and ill people suffered three days 
about throat and eye irritation, vomiting, watering and bronchial disease. The toxic 
substances were found in patient’s blood. In Dorora, in the US, in 1948, thick smog 
developed close to the Steel Industry. Twenty people died because of the polluted air. 
Children and old people suffered from asthma, chronic bronchitis, emphysema and heart 
disease. There was also lost in working days. In Mexico, 1950 leak of hydrogen sulphide 
gas was trapped over the town. The weather conditions were suitable for temperature 
inversion. The gas produced similar bronchial track symptoms, 22 people died and 320 
people were treated in hospital. In 1954, an extreme smog covered Los Angeles in the US. 
Schools and industries were shut down for most of month. People suffered from eye 
irritation. Two thousand car accidents happened in one day. (Douglas, 2014.) In New York 
City, November 1953, 170 – 260 deaths, in 1963, 405 deaths and in 1966, 168 deaths caused 
by smog formed of local pollutants (CCPS, 2006). 

More serious air pollution problems occurred in large cities in Europe and public awareness 
of air quality increased.  People demanded improvements. Between 1925 and 1950, there 
was a lack of air pollution regulations and legislation all over the world. However, cross-
border cooperation began in 1955, when an international air pollution congress was held in 
New York. In 1964, it was held in London and the International Union of Air Pollution 
Prevention Association (IUAPPA) was founded the same year.  In 1980s, research activity 
in air pollution expanded and many research centers were founded.  The number of laws, 
rules, and policies increased exponentially across the world. (Vallero, 2014.) 

3.1.3 Time after the Great Smog 

Londoners enjoyed the smokeless air, but the pollutants from tall chimneys rose higher into 
the atmosphere and the winds carried them great distances, often to other countries. The 
problem was not solved. Instead, it was shifted from local scale to the regional scale. The 
sulphur in the smoke came down to the ground as an acid rain (Douglas, 2014) in wet or dry 
forms, including the forms of snow, fog, hail or dust (EPA, 2017). Especially in 1970s, the 
acidification caused serious impacts on the environment in the large parts of Europe, North 
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America and Canada. As a result, The United States, European Nations and Canada signed 
The Convention of the Long-Range Transboundary Air Pollution in 1979. (Stohl & 
Eckhardt, 2004.) The new technology gave birth to a new problem, which had serious 
impacts on environment. In fact, despite the environmental policy over the borders, the 
problem still exists. The decision-makers were, and still are, in a spot, where they must plan 
and implement other actions in order to make the air clean again. 

Contrarily, the citizens, especially in mega cities, faced other air quality problems. More 
sunlight came into the streets and, at the same time, the number of vehicles increased. Solar 
radiation interacted with the vehicle exhausts, forming dangerous photochemical smog. 
(Douglas, 2014.) The situation was made more difficult by the fact that the thick black 
smoke disappeared, and people thought that the air pollution problem was solved. The 
governmental policy focused on other problems. (Longhurst et al., 2016.) 

The air pollution episodes continued to take place in England. In December 2001, the so-
called winter smog occurred in Northern Britain. The high-pressure atmospheric conditions, 
together with low wind speeds, cold, and misty and foggy weather, caused an inversion 
layer, which trapped the pollutants close to the ground. For instance, the overnight 
concentration levels of PM10 in Glasgow were very high (104 and 119 µg/m3), and high in 
Edinburgh, Manchester and Belfast. (Netcen, 2004.) The smog was primary associated with 
the road transport emissions such as oxides of nitrogen (POST, 2002). In addition, domestic 
heating increased the emissions of sulphur dioxide in some areas (Netcen, 2004). Such smog 
also occurred in London during the 1990s. One of those smog episodes caused 100 to 180 
excess deaths in 1991. (POST, 2002.)  

Very high temperatures in 2003 increased the production of photochemical ozone in many 
areas in the UK and Europe. The levels of ozone reached high levels in quite a long period. 
In addition, the winds form Europe transferred pollutions to the UK, which made the 
situation even worse. (Netcen, 2004.) The same kind of episode occurred also in 1976 and 
1995. The pollution of the year 1976 increased mortality in London about 7%. (POST, 
2002.) It was estimated later that around 21 to 38% of excess deaths in the UK were 
associated with higher level of pollution during that time. In April 2003, the images of the 
US Sea Star satellites showed that Sahara dust, continental ozone, and its precursors were 
transported from long distances to the UK. The gray haze and the swirls of Saharan dust 
were seen in the air. The concentration levels of particle levels and ozone were high. 
(Netcen, 2004.)  

The UK has declared various laws and strategies after the clean air acts of 1952 and 1968, 
focusing on setting standards for specific pollutants in outdoor air. The standards involve 
European Union targets of the levels of harmful pollutants. (POST, 2002.) Because of these 
actions, the concentration levels of major outdoor pollutants have decreased as seen in 
Figures 3.1.2.4 and 3.1.3.1. Nitrogen oxide (NOx) emissions come mainly from transport, 
energy and manufacturing industry sources.  The main sources in transport were diesel 
vehicles. The emissions of NOx can lead to the photochemical smog and ozone. The 
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transport is a main reason to carbon oxide (CO) emissions, especially vehicles, which have 
petrol engines. Non-methane volatile organic compound (NMVOC) sources are many 
branches of industry, transport, agriculture, and domestic sources. NMVOCs are involved 
in ozone production and secondary organic aerosols in the atmosphere. Some of the 
NMVOCs have harmful effects on health. The road vehicle control of emissions has been a 
key effect in reducing these emissions in the UK. (UK NAEI, 2019.)  

The Clean Air Strategy 2019 of the United Kingdom aims to drive down the national 
emissions of pollutants, reduce background pollution, and minimize human exposure to 
harmful pollutants. According to the strategy, the emissions from smaller industrial sites, 
product use, open fires in homes and spreading manure on farms have increased. For 
instance, domestic coal burning can result a significant indoor exposure to SO2. Therefore, 
the next strategies and actions in the United Kingdom will focus on the relative contribution 
of smaller and more diffuse sources of air pollution. (UK Government, 2019.)  

 

 
Figure 3.1.3.1. The emissions of CO, NOx and Non Methane VOCs have decreased in the 
UK from the year 1970 to 2016. The data of the graph is adapted via naei.beis.gov.uk by 
Defra & BEIS.  The data is under the Open Government License (OGL). 

 

It is good to consider that the emission distributions show the average amounts of annual 
emissions in England.  The emissions and weather conditions vary a lot depending on region 
and time. For instance, the roadside air pollutant concentrations during the rush hours can 
be very high and the chemicals emitted go through various chemical and physical processes.  
In addition, not only the national emissions but also the long-range pollution has a 
significant impact on air quality. Figure 3.1.3.2 (GLA, 2019) shows, how the annual mean 
concentrations levels of nitrogen dioxide (NO2) in London varies depending on region. In 
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the center of the city and on the roadsides, the concentration levels are above the World 
Health Organization (WHO) annual mean NO2 guideline levels, which is 40 µg/m3. When 
all the varying aspects are taken into account, it is obvious that the amount of annual 
emissions alone does not provide an overall picture of the air quality situation in the area 
under consideration. 

 

 

Figure 3.1.3.2. The annual mean NO2 concentrations levels in Great London in 2013. The 
map is adapted from the open data-sharing portal of London created by the Greater London 
Authority, GLA, 2019. 

3.1.4 Air Quality Management Cycle 

Previous literature review of air quality issues in the United Kingdom show that the 
management in air quality issues follows a certain pattern. Management in this context 
means the process of dealing and controlling air quality. The air quality science, technology 
and social environment are in continuous interaction influencing one another. Therefore, 
they all affect air quality management. However, the management cycle can also be 
understood as one type of social process, which is influenced by technological and scientific 
processes.  

People use nature to gain benefit for themselves. In this context, nature means “the 
phenomena of the physical world collectively, including plants, animals, the landscape, and 
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other features and products of the earth, as opposed to humans or human creations” (Lexico, 
2019).  

The use of nature might lead to new problems. In the United Kingdom, increase use of wood 
for heating, cooking and production of goods led to the loss of forests, and therefore, to high 
prices of wood and to the use of coal.  

The production of goods grew. Industrialization increased the population densities in the 
cities and the use of coal, for instance, because of invention of the steam engine, rose. The 
weather conditions enhanced the situations in which the smoke from the chimneys was 
trapped close to the ground. The poor air quality situations occurred more often.  

The citizens realized the effects of bad air to their health and the environment. On the other 
hand, they had such benefits that were not previously available. Although the effects of 
polluting air were noticeable, there was little interest in repairing things, until the situations 
grew into air pollution episodes. 

At some point, the people's tolerance to air pollution reached its limits. Public awareness 
increased, and the actions towards better air quality took place. Finally, under pressure, the 
policymakers on different levels were ready to act. According to this literature review, the 
key effect on change on air quality issues is a governmental policy on all levels. The 
government needs to legislate laws and to control the implementations of the laws before 
the change is possible. However, many deaths and a high pressure from the public were 
needed before the decision makers turned to action. In many situations, the economic benefit 
went beyond the concern over people's health.  

The government also has an important role in funding the research and taking care of the 
sufficient scientific and technological capital, which generates new knowledge for the use 
of science, policymakers and public.  

The researchers and engineers invent new technology. Sometimes, the new technology 
creates new problems such as happened when the taller chimneys, steam engines and motor 
vehicles came into a picture. On the other hand, when understanding of air quality issues 
improves and more information is available for all, the new knowledge can lead to the need 
and will in making changes and finding solutions.  

The cycle is progressing continuously. People have new ideas to gain benefit from nature, 
and the cycle runs again. Sometimes the decisions, new technology and deeper 
understanding lead to the better air quality situations, sometimes not. The repeatedly rotating 
Air Quality Management Cycle is illustrated in Figure 3.1.4.1 a. 

The scientific, technological, and social processes interact with each other making one, big, 
interactive process (Figure 3.1.4.1 b).  Through these processes, understanding of air quality 
and scientific language are evolving. Therefore, the understanding of the processes and their 
interactions are necessary in air quality education. It is especially important to pay attention 
to the effects, which lead to the solutions in air quality problems, and to consider that all the 
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processes exist continuously in time and space. Therefore, they cannot be separated from 
each other.   

 
 

 
 
 

                                                                        
a)                                                                                                   b)  

 
Figure 3.1.4.1. Figure a) illustrates the Air Quality Management Cycle.  The social, techno-
logical and the scientific processes of air quality are in continuous interaction with each 
other. All of them affect air quality management, which can be seen as one type of social 
process.  These three processes can be viewed as one big process (b), where air quality 
language and understanding develop due to the internal dynamics and interplay of the social, 
scientific and technological process of air quality, continuously over time.   
 

3.2 Strange smog in the United States 

3.2.1 Motor vehicles and smog 

Until the mid-1950s, the coal was the world’s most commonly used fuel but the use of oil 
increased rapidly (Speight, 2016). Consequently, the mobile combustion became the 
dominant source of urban air pollution (Brimblecombe, 1999).  

In 1910, there were less than 1 million cars in the whole World (McNeill, 2001). In the 
United States, the number of cars increased rapidly, as illustrated in Figure 3.2.1.1., being 
already 2.5 million in 1915 (The Federal Highway Administration, 2019). In comparison, 
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China had around 2 million cars in 1997 (McNeill, 2001). The cars started to be more in 
common in Western Europe in 1950s, however, by that time, Americans drove half of the 
cars in the world (McNeill, 2001).  

 

 
 
Figure 3.2.1.1. Number of trucks, buses and automobiles registered annually in the US 
between the years 1900 and 2014. The open data for the graph is adapted from State Motor 
Vehicle Registrations, 2018, and data from 1900 to 1955 is adopted from The Federal 
Highway Administration, 2019. The red spots illustrates the number of vehicles in China in 
1997 (McNeill, 2011) and 2016 (WHO, 2018h).  

 

The number of cars in the world continued to increase significantly. According to the 
estimates of WHO, China had 295 million total registered motor vehicles in 2016. In 2015, 
in USA the total number of vehicles was 281 million. (WHO, 2018h.) From the other point 
of view, China had 209 motor vehicles per 1000 people in 2016 and USA had 873 motor 
vehicles per 1000 people in 2015. In future scenarios, the motorized mobility in cities will 
double to the year 2050 and the use of private cars will increase heavily in developing 
countries. (OECD/ITF, 2017.) It is good to consider that all the calculations of the number 
of the motor vehicles are rough estimates. The registration and reporting requirements varies 
a lot in different countries, and there is no estimation of the motor vehicles, which are 
unregistered.    
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In Los Angeles, in 1940s, the increasing number of cars led to photochemical smog 
episodes, which caused serious health effects on humans (Brimblecombe, 1999).  The 
concern and an understanding of the problems the motor vehicle exhausts cause, increased 
already in 1950s, in the United States. Scientists understood that motor vehicle exhaust 
emissions were one of the most important causes of air pollution. (Maga & Hass, 1960.) To 
confront this serious challenge, the researchers developed scientific tools to understand the 
relationship between the exposure to automobile exhaust and negative health effects.  
(Brimblecombe, 1999.)  

In 1960s, hydrocarbons and carbon monoxide emissions were controlled by the regulations 
but other pollutants such as lead, oxides of nitrogen and sulfur dioxide, which received 
considerable attention already in 1960s, were not included in regulations. (Maga & Hass, 
1960.)  

Technological inventions developed. In 1970s, the motor source control technology 
developed the catalyst, which destroyed the unburned hydrocarbons and carbon monoxide 
from emissions. It was also experienced, in the field of technology, that the methods that 
controlled other pollutants may increase the emissions of another or lead to other problems. 
For instance, an unleaded gasoline game into the markets in 1970s, because the lead was 
recognized as a poison to the catalyst. Through the catalytic mechanisms and continuing 
technological development, the engineers have been able to reduce the numerous pollutants 
from the exhausts over the past decades. (Vallero, 2014.)  

Although the emissions per car have fallen, transportation by motor vehicles is constantly 
expanding, which therefore means greater emissions. The alternatives such as the electric 
drive systems decrease the exhaust pollution but on the other hand, the batteries used in 
them are low-powered, produce emissions such as sulfuric acid, hydrogen, and oxygen. In 
addition, the mining and the transportation of component materials cause also 
environmental problems. Hybrid systems consisting of two or more energy conversion 
processes are increasing, but the cost of two engines and other technology required make 
the prices of the vehicles high. The fuel cells, which convert chemical energy directly into 
electricity by combining oxygen from the air with hydrogen gas, are under development but 
many obstacles have to overcome before they can be taken for wider use. (Vallero, 2014.)  

3.2.2 Los Angeles’ photochemical smog 

People in Los Angeles had suffered from the smog for many years around 1940s. In 1943, 
the problem became more acute. Especially on certain summer and fall mornings, when 
there was a low and marked temperature inversion, extremely light winds and total absence 
of horizontal air movement, heavy accumulation of air contaminants caused people health 
problems. On July, the haze and health effects of the irritants were noticeable for many days. 
The residents had to use handkerchiefs to wipe tears from red, smarting eyes. (Senn, 1948.) 
Some residents of Los Angeles thought that the Japanese had attacked them with chemical 
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gas or plants around the city caused the emissions (Brimblecombe, 2014). The health 
department was busy answering the people’s complaints (Senn, 1948). 

Chamber of Commerce formed a committee and promised that all the smog will be 
eliminated in four months. That prediction failed badly in three weeks. In September 8, the 
situation was even worse. All the sunlight was dim-out by the thick smog, which was seen 
in downtown and around the hills. People suffered about the negative health effects and 
demanded relief and actions to eliminate the smog. For the government, the situation was 
unpleasant, because they did not have any understanding of how to solve the problem. They 
did two actions to soothe the public; a first, the government abated the sources they and the 
public thought that caused the smog. Secondly, they initiated scientific studies. Quite soon, 
it was discovered that by closing, for instance, the Aliso Streat butanial plant, the smog was 
not eliminated. (Krier & Ursin, 1977.) 

However, the scientists in the committees had difficulties to identify the sources of the 
irritants (Brimblecombe, 2014). The newspaper Los Angeles Times followed the air 
pollution problem and started the campaign in reducing the smog and finding the sources. 
In 1945, they invited Professor Tucker from St. Louis to give consultation to the study of 
smog. Professor Tucker misled the study by comparing Los Angeles smog to the St. Louis 
smog, which was derived by coal smoke. His report was on the front page of Times in 
January 1947. He wrote that the smog problem had grown in the preceding five years and 
the industries had increased 85 percent during that period.  The morning winds carried 
fumes, smoke, odors and dust downtown. He demanded more control to chemical industries, 
refineries, food product plants, soap plants, paint plants, building materials, nonferrous 
reduction refining and smelting plants and other similar factors. According to Tacker, 
population growth was another reason. Tucker recommended that people had to stop 
burning their rubbish in their backyards. He was aware of the increased number of 
automobiles and their exhausts, but was not so concerned about them. He concluded that 
diesel trucks and buses might cause some problems. (Krier & Ursin, 1977.) 

In 1930 to 1940, the Los Angeles metropolitan district grew very fast. The majority of new 
residents moved outside the town to live.  The population density was very low and the 
residents used private cars to travel within the town districts. (Thomson, 1948). Total 
population of the Los Angeles area grew from 2.8 million in 1940 to 5.4 million by 1955. 
At the same time, the motor vehicle registrations grew from 1.2 to 2.8 million. As a result, 
the gasoline consumption also grew rapidly. (Krier & Ursin, 1977.) 

In 1947, California enacted the first air pollution control law and established the first air 
pollution control district called as The Los Angeles County Air Pollution Control District 
(ACPD). The act gained a lot of criticism and did not lead to the improvement of air quality. 
The air pollution was even worse after the act. It is good to consider that the act did not take 
into account the role of automobiles. (Krier & Ursin, 1977.) 

In 1948, the engineer Charles L. Senn of the City Health Department in Los Angeles wrote 
that the pollutants were complex chemicals that could be produced by incomplete 
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combustion of petroleum products, and the pollutants in the air differed from those leaving 
the sources. In addition, he emphasized that the effect of hydrolysis, oxidation, catalytic 
action of sunlight and other factors should be considered in investigations. (Senn, 1948.)  

In November 1949, a big football game was held in Berkeley. Many thousands of people 
attended the game with cars. Soon people started to suffer about the eye irritation. The 
weather conditions in Berkeley were comparable with the conditions in Los Angeles. In 
addition, the other sources of pollutants were similar between these two towns. The only 
unusual occurrences on that day were the traffic jams and the number of automobiles. 
Researchers studied the case and concluded that the automobile exhausts caused the 
irritation of the eyes. Still, it took years to accept the cause and its effect. (Krier & Ursin, 
1977.) 

By the 1950s, the biochemist Arie Jan Haagen-Smit at the California Institute of Technology 
theorized that the automobile exhaust vapors in sunlight caused the Los Angeles smog. He 
observed that Los Angeles atmosphere was rich in oxidizing substances and ozone. These 
compounds did not exist in primary sources, so the chemical reactions in the atmosphere 
formed them. In his articles, he pointed out the importance of the photochemistry of nitrogen 
oxides (NOX) and the relevance of ozone (O3). He stressed that pollution was largely caused 
by the unique geography of the LA basin and the number of automobiles there. He was also 
aware that the various hydrocarbon components (CxHy) of the fuel caused different smog 
formation processes.  (Brimblecombe, 2014.)  

Automobile companies had difficulties with accepting the results of the 1950s and they 
founded a committee to investigate the problem. In their studies, automobiles did not cause 
the irritation. Instead, they had many different opinions of the sources of irritation. Finally, 
in 1957, Air Pollution Foundations (APF) proved that automobiles were the major factor in 
irritation and began to work on controls. Still, the general opinion was not as clear. (Krier 
& Ursin, 1977.) 

Citizens’ awareness of air pollution grew because the problem was addressed in magazines, 
newspapers and novels. Between the years 1945 and 1975, chemists and atmospheric 
scientists gained new knowledge of the relationship between photochemical smog, chemical 
processes involving volatile organic compounds and sunlight. They also proved how OH· 
(hydroxyl radicals) create ozone and other oxidized compounds in the atmosphere and 
realized that the pollutants coming from different sources form new secondary pollutants in 
the atmosphere. This new knowledge brought the daylight the fact that improving the air 
quality was even more difficult than though before. It became clear that more research and 
modelling of photochemical smog and transportation were needed and the research has to 
become part of the regulatory processes.  (Brimblecombe, 2014.) 

The work of scientists in Los Angeles smog episodes created the basis of modern 
atmospheric chemistry. It increased understanding of petroleum-related pollution and 
pointed out how important role scientific knowledge has in political decisions. 
(Brimblecombe, 2014.) 
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3.2.3 The Clean Air Act and amendments in the United States 

Municipal and county regulations 

As well as in the United Kingdom, the air pollution episodes led to a large number of 
different laws in the United States. 

The first municipal and county legislations between 1880 and 1930 in the US focused on 
decreasing smoke. The regulations failed because there were no resources on enforcement.  
In 1920, 175 municipals had air pollution ordinances, but only 40 operating smoke 
abatement agencies. In addition, the definition of prohibited smoke density turned out to be 
difficult. This problem led to the adoption of Ringelmann smoke chart. (Stern, 1982.)  

Professor Maximilian Ringelmann developed the Ringelmann Chart in Paris, in 1888. The 
chart includes columns with different shades of gray. The smoke is compared to the color 
of columns and is given a number of smoke density from 0 to 5 or percent opacity (Bureau 
of Mines, 1967.) Since 1940, the value of allowable smoke density has decreased in local 
regulations (Stern, 1982).   

Development in combustion efficiency and capacity, and the decrease of labor led to 
automatic stokers, which burned pulverized coal, oil and gas. Homes became total electric. 
As a result, emissions of solid particulate matter, such as major cinder and fly ash, increased. 
In 1930s, the legislators set limits for the gravimetric emission for solid fuel combustion. In 
1940s they set limits for solid particulate matter from sources and in the 1950s, they made 
standards for the emission of gases. A number of organizations published model smoke 
abatements to help communities in the legislation. More and more cities and counties 
developed their regulations in order to decrease air pollution. By 1970s, counties and cities 
had limits for tenths of substances. For instance, the volatile content of coal and the 
emissions of solid particle matter, waste incineration, solid metallurgical operations, and 
sulfur dioxide (SO2) emissions were regulated. (Stern, 1982.) 

 

State and federal regulation 

California law of 1947 was the first state law, which set limits for air pollutants other than 
black smoke. Oregon was the first state to provide statewide authority to a state air pollution 
control agency in 1951. In 1955, President Eisenhower asked the Congress to pay attention 
to the air pollution problems. At the same year, the Congress passed the first federal Air 
Pollution Control to address the national environmental problem of air pollution. The Act 
provided funds for air pollution research, training and technical assistance. (Stern, 1982.) 

The clean Air Act in 1963 was followed by some events in 1962: London had a Smog 
Disaster, Birmingham, AL had air pollution episode, the book of Silent Spring was 
published and a second national conference of Air Pollution was held in Washington DC 
with 1500 participants (Stern, 1982). The aim of the 1963 law was to improve, strengthen 
and accelerate the prevention and abatement of the air pollution by establishing programs 
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and providing financial assistance for them. The law encouraged cooperative actions at all 
levels of policymaking in automotive and fuel industry in controlling air pollution. In 
addition, the law enabled the establishing of the national research development programs 
for the prevention and control of air pollution. The law ordered the Secretary of Health, 
Education, and Welfare to compile, publish and recommend criteria, whenever the new 
scientific knowledge show that particular pollutant or the combination of the pollutants  in 
the air, in certain quantities, cause harmful effects to human health or welfare (Clean Air 
Act, 1963.) 

According to Stern (1982), despite the acts and the standards the programs included, the 
development of air pollution control legislation in states was slow until the states were able 
take advantage of the federal grant funds for the programs or they were forced to follow the 
regulations. Table 3.2.3.1 shows the standardized pollutants and a number of states, which 
had standards in 1966 and in 1976.  

 

Table 3.2.3.1. The number of states that have adopted ambient air quality standards in 1966 
and 1976. Data is adopted from Stern, 1982. 

Pollutant Number of states of 50 having 
standards  

Pollutant Number of states of 50 having 
standards 

1966 1976 1966 1976 
Total suspended 
particulate matter (TSP) 

9 50 Sulfuric acid 3 3 

Ozone (O3) 4 50 Sulfates 3 3 
Carbon monoxide (CO) 3 50 Lead 2 3 
Nitrogen oxides (NOx) 2 50 Lime (CaO) 1 1 
Hydrocarbons 0 50 Asbestos 0 1 
Hydrogen sulfide 6 8 Heavy metals 0 1 
Fluorides 3 6 Ethylene 1 0 
Beryllium 4 5 Deposited matter 5 10 

 

In 1967, the new law authorized the Secretary of Health, Education and Welfare to create 
air pollution regions. The law added responsibility for states and local agencies in adopting 
and enforcing pollution-control standards within those regions (Rogers, P, 1990). In 
addition, it initiated extensive outdoor monitoring studies (TransportPolicy, 2019). 

The approach of the 1967 law failed. Neither Congress nor industries were convinced that 
there could be any need for national regulations for air pollution. Many people and business 
leaders claimed that pollution had to be a price of the progress and economic growth. By 
1970, none of the states had developed a full pollution control program. (Rogers, 1990.)  

However, public concern on air and water pollution increased, which was symbolized by 
the Earth Day demonstrations. Air pollution played a very important role in politics and 
activated environmental activist organizations and media.  (Stern, 1982.) The Congress had 
to react. It imposed statutory deadlines for compliance with the emission standards in The 
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Clean Air Act Amendment of 1970. The law limited emissions of mobile and stationary 
sources. It authorized EPA, Environmental Protection Agency, ordered by the President 
Nixon in December 1970, to control and make national ambient standards for air quality 
(NAAQS) and regulate emissions of hazardous materials. That Act has had the greatest 
long-range impact on air pollution control in the U.S. (Stern, 1982.) The final primary and 
secondary standards for the original six NAAQS were published on April 30, 1971 (See 
Table 3.2.3.2) (Bachmann, 2007). Primary standards are set to provide public health 
protection. It considers the health of sensitive populations. Secondary standards provide 
public welfare protection. It considers visibility and damage to animals, crops, vegetation, 
and buildings. (EPA, 2016.) 

 

Table 3.2.3.2. Primary and secondary NAAQS in 1971, in the US. Data for the table is 
adopted from Bachmann, 2007. The author notices that with the exception of PM and SO2, 
secondary NAAQS set are identical to the primary standards. In addition, the terms indicator 
and form were not used in 1971. The original data was in form mass/volume.  

Pollutant (indicator) Level Averaging Time Form 

PM (Total suspended 
particles, TSP)  

75 µg/m3 

260 µg/m3 
Annual 
24 h 

Geometric mean 
Not to be exceeded more than once per year 

TSP secondary standard 150 µg/m3 24 h Not to be exceeded more than once per year 
Sulfur dioxide SO2 0.03 ppm 

0.14 ppm 
Annual 
24 h 

Arithmetic mean 
Not to be exceeded more than once per year 

SO2 secondary standards 60 µg/m3 

(0.02 ppm) 
1300 µg/m3 

(0.5 ppm) 

Annual 
 
3h 

Arithmetic mean 
 
Not to be exceeded more than once per year 

Carbon monoxide (CO) 10 µg/m3 

(9 ppm) 
40 µg/m3 

(35 ppm) 

8h 
 
1h 

Not to be exceeded more than once per year 
 
Not to be exceeded more than once per year 

Photochemical oxidants 
(as O3) 

200 µg/m3 

(0.08 ppm) 
1 h Not to be exceeded more than once per year 

Hydrocarbons (HC) 160 µg/m3 

(0.24 ppm) 
3 h, 6-9 a.m. Not to be exceeded more than once per year 

Nitrogen dioxide (NO2) 100 µg/m3 

(0.053 ppm) 
Annual Arithmetic mean 

 

Rogers (1990) states that the Congress gave people a signal that economic growth and 
environmental protection can be accomplished simultaneously. The consciousness and 
importance of environmental protection rose within the public and business. Moreover, the 
Congress learnt that a change in attitude is the central element and a successful approach in 
increasing understanding of the environmental values. 

The 1977 Clean Air Act Amendments set new requirements on clean areas and set 
provisions to help those areas that failed in achieving the standards and deadlines. New 
major sources and modifications needed permissions. By 1990, it was obvious that problems 
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in some areas were more difficult and complex than others. The Act 1990 listed 189 
regulated hazardous air pollutants and a program to control them. It also included programs 
for controlling emissions of acid rain precursors and stratospheric ozone depleting 
chemicals. All the mayor sources required new operating permits. The Act ordered EPA to 
evaluate costs and benefits of the Clean Air Act to the public health, economy and the 
environment every two years. (EPA, 1997.) 

Table 3.2.3.3 shows the National Ambient Air Quality Standards for six criteria pollutants. 
The primary standards include pollutants, which are harmful for public health. The 
secondary standards provide public welfare protection, including protection against 
decreased visibility and damage to animals, crops, vegetation, and buildings. (EPA, 2016) 

 

Table 3.2.3.3. National Ambient Air Quality Standards for criteria air pollutants. Units of 
measure for the standards are parts per million (ppm) by volume, parts per billion (ppb) by 
volume, and micrograms per cubic meter of air (µg/m3). The data for the table is adopted 
form EPA, 2016.  

Pollutant Primary/Secondary Averaging Time Level Form 

Carbon 
monoxide 
(CO) 

Primary 8 hours 9 ppm can exceed only once in a year 
1 hour 35 ppm 

Lead (Pb) Primary and 
secondary 

Rolling 3 months 
average 

0.15 
µg/m3 

not to be exceeded 

Nitrogen 
dioxide 
(NO2) 

Primary 1 hour 100 ppb 98th percentile of 1- hour daily maximum 
concentrations, averaged over 3 years 

Primary and 
secondary 

1 year 50 ppb Annual mean 

Ozone (O3) Primary and 
secondary 

8 hours 0.070 ppm Annual fourth- highest daily maximum 8-
hour concentration, averaged over 3 
years 

Particle 
pollution 
(PM) 
PM2,5 

Primary 1 year 12.0 
µg/m3 

Annual mean, average 3 years 

Secondary 1 year 15.0 
µg/m3 

Annual mean, average 3 years 

Primary and 
secondary 

24 hours 35 µg/m3 98th percentile, averaged over 3 years 

Particle 
pollution 
(PM) 
PM10 

Primary and 
secondary 

24 hours 150 µg/m3 can exceed only once in a year, average 
over 3 years 

Sulfur 
dioxide 
(SO2) 

Primary 1 hour 75 ppb 99th percentile of 1- hour daily maximum 
concentrations, averaged over 3 years 

Secondary 3 hours 0.5 ppm exceed only once in a year 
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The US Government recognized the transport of air pollution in the Clean Air Act 
Amendments of 1970 by paying attention to the inner state transport. In 1994, EPA 
recognized that states had difficulties to meet federal standards by reducing emissions in 
their own regions. Ozone transported from state to state.  To reduce transportation it was 
needed to develop a mechanism to reduce ozone buildup – The Ozone Transport Assessment 
Group (OTAG) was set up. The US and Canada, and the US and Mexico made international 
efforts in controlling transport of emissions. Canada promised to notify of emissions close 
to the border. In 1998, the US and Mexico made a cooperative study, which showed up how 
emissions from both countries degraded visibility in the certain area depending on the wind 
conditions.  (Jakobson, 2002.) 

3.2.4 Results of clean air acts in Los Angeles and the US  

In 1967, Department of Health bureaus—the Bureau of Air Sanitation and the Motor 
Vehicle Pollution Control Board were connected and the California Air Resources Board 
(CARB) was established. Since then, the CARB has cooperated with the public, the business 
sector and local governments to improve California's air quality. It has set the state air 
quality standards and promoted new antismog technology for industrial facilities and motor 
vehicles. Its aim is to protect the public health, welfare and ecological resources but as well, 
consider the state’s economy. In addition, the CARB operates with the SCAQMD, the air 
quality monitoring sites in Los Angeles. The CARB conducts the implementations of 
statewide regulations and monitors the regulatory activity.  (Parrish et al., 2016.) 

In Los Angeles, the actions such as, invention of the catalytic converters, the installation of 
diesel exhaust filters, more polluting trucks were removed from service, engine 
replacements and installation of fuel-efficient tires and aerodynamic devices have reduced 
harmful emissions from automobiles. In addition, the ships near the California coast were 
ordered to use clean fuels, the standards were set for the products that emit harmful 
pollutants and the industry was required to use the best available control technology also 
had an influence on emission reduction (Parrish et al., 2016.) 

According to the recent study of Parrish et al. (2016), Los Angeles has succeeded in 
lowering the concentrations levels of ozone and PM2.5 significantly, even though the part of 
the pollutants transport to the area from other regions. However, the levels still are above 
the air quality standards.  

South Coast Air Quality Management District (SCAQMD) and the California Air Resources 
Board have measured the concentration levels in Los Angeles basin since 1960. For 
instance, the ozone 1-hour averages in 1960s were around 600 ppb and 8-hour average was 
400 ppb. Since 1998, the levels have been under 200 ppb.  The study also states that the 
concentration levels of VOCs, SO2 and NOx, which are believed to act as a precursors to 
particle matter, have dramatically decreased.  In addition, in long-term trends of ambient 
concentrations, the levels of CO and peroxyacetyl nitrate (PAN), which are responsible for 
severe eye irritation, have decreased exponentially. An ammonia, which is believed to be 
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linked to the formation of the particulate matter, is not measured in Los Angeles. (Parrish et 
al., 2016.)  

Lurmann, Avol and Gilliland (2015), bring up the fact that the population and the miles 
travelled by vehicles have increased over the last decades while the pollutant emissions have 
decreased. In conclusion, they state that air quality would not have lowered without the 
board range of aggressive air pollution control policies put into an action. According to their 
study, the policy in Los Angeles has been successful and comprehensive. Despite 
implemented actions, the concentration levels are still above the national air quality 
standards (NAAQS) and millions of people suffer about the unhealthy air.  

The authors of the study State of The Air, 2018, have investigated the resent air quality 
situation in the United States. According to their studies, amount of ground-level ozone, 
which causes smog, increased significantly, reaching unhealthy levels, in many cities in the 
US from 2014 to 2016.  Meanwhile, the particle pollution, and therefore amount of soot, 
continued decreasing as results of the cleaner power plants, increased use of cleaner vehicles 
and engines. In addition, the authors highlight that the increased temperatures, caused by 
the climate change, stimulate the ground-ozone forming reactions in the atmosphere, and 
changing rain patterns drive wildfires, which increase particle pollution. (American Lung 
Association, 2018.) 

Still, despite the clean air acts made, around 41 percent (133.9 million) of Americans live 
in environments in which the levels of ozone or particle pollution concentrations are 
unhealthy. Unfortunately, Los Angeles also recorded that unhealthy days caused by ozone 
in 2014-2016 increased. (American Lung Association, 2018.)  

However, the actions taken under the Clean Air Act have cleaned up many other pollutants 
in the US during the last decades as Figure 3.2.4.1 shows. According to the EPA’s annual 
report of the air pollution trends of the year 2017, despite the growth in gross domestic 
product, vehicle miles travelled, population and energy consumptions, the emissions of the 
most common pollutants and carbon dioxide have decreased significantly. However, the 
report discloses that in 2017, 111 million Americans lived in counties, where amount of air 
pollution exceeded above the level of one or more national air quality standards. (EPA, 
2019) 
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Figure 3.2.4.1. Since 1970, the concentration levels of the most common pollutants in the 
US have decreased while the economy, population, energy use and miles travelled by 
vehicles have increased. The data is adopted from EPA, 2019. 

 

The authors of State of The Air, 2018, underline that the progress for better air quality should 
continue. To make air better for humans requires a strong and coordinated effort from 
policymakers. Besides the challenges the climate change cause, the researchers address that 
there are other threats to the better air quality.  Some policymakers and EPA aim to weaken 
the Clean Air Act, repeal plans to reduce carbon pollution from power plants, remove the 
limits on emissions from oil and gas operations, and allow more polluting trucks and cars 
to the streets. They also aim to cut funding and expertise, which are needed to clean up the 
air. In addition, the scientific evidence is ignored. (American Lung Association, 2018.) 

The authors ask the public to speak and step up. The public may send messages to 
policymakers, tell EPA to follow the law to protect human health, provide comments in 
public hearings or online, study more about the air quality, share stories of the negative 
impacts of bad air quality and get involved locally to clean up air pollution and to address 
the worry of climate change. As personal acts, they encourage people to drive less, to use 
less electricity, to not burn wood or trash and to make sure that the school busses emissions 
are low. (American Lung Association, 2018.) 

The air pollution management in the United States corresponds well to processes in the UK, 
with the difference that the steps of the decision-making process and the implementations 
may not be similar in different societies.  
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It appears that politicians play the most important role in air pollution solutions. Politicians 
need to legislate laws and regulations, follow the implementations of the laws, set deadlines 
for the implementations, and fund the research, technology and clean air actions in order to 
improve, strengthen and accelerate the prevention and abatement of the air pollution. It 
appears that societies need a strong control and fund before they implement the clean air 
acts.  As Rogers (1990) pointed out, the Congress is able to provide positive signals to the 
public and economic sector. Therefore, it can influence on attitudes in environmental 
protection. It is noteworthy that the business sector and the public were convinced that the 
acts could be implemented hand-in-hand with the economic growth.  

Despite the acts made, air quality in too many areas in the United States is too low. The 
literature review shows that the need to gain benefit from nature grows continuingly despite 
the scientific facts that air pollution impacts negatively on environment and human health.  

In Los Angeles, as well as in the United Kingdom, the media played a significant role in 
influencing people's attitudes and behavior. The media even participated in trying to solve 
the problem, which in spite of the fact, mislead the public and research. It is therefore 
important that the education in all levels is research-based. It appears reasonable that the 
scientific research is funded to gain reliable results, which can be further transferred to 
society.  

The invention of automobiles is a good example of the technological invention and the 
process, which brought benefit to the users but on the other hand, cause new environmental 
problems. In addition, the new problems gave birth to the new scientific processes, such as 
gave birth to atmospheric chemistry, in order to understand the new phenomena occurred.  

It is also important for researchers, politicians and other stakeholders to recognize that the 
solutions, which help in solving air pollution problems in one place might not be suitable in 
another region. For instance, the pollution sources, pollutants, weather conditions, culture 
and policymaking usually differ in different regions. 
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3.3 Development of air quality and pollution-related issues in China 

What makes the difference between the United States and the United Kingdom, and China? 
Alternatively, are there similarities, which can be viewed as key factors for a change?  

The next chapters open up the air pollution situation in China and its role in air pollution 
issues globally. What is the air quality in China today, and what impact it has on people’s 
life? The air quality and environmental policy development, from the agrarian times to the 
present, are analyzed in chapter 3.3.1 to 3.3.7.  In chapter 3.4, the cases London, Los Angeles 
and China are compared. In addition, it is discussed what the study of these cases produced 
for the air quality education.  

3.3.1 The special role of China in air pollution issues 

China rose rapidly in 35 years from agrarian society to industrial powerhouse. In the 
beginning of the China’s last industrialization in the late 1970s, its per capita income was 
one-third of sub-Saharan Africa. (Wen, 2016.) In 2017, China was the largest economy in 
the world, it became the world's largest exporter in 2010, and the largest trading nation in 
2013 (Central Intelligence Agency, 2019).  

Today, it produces around 50% of the world’s major industrial goods such as crude steel, 
cement, coal, vehicles and industrial patent applications. In addition, it is the highest 
producer of ships, trains, robots, tunnels, bridges, highways, chemical fibers, machine tools, 
computers, cellphones, etc. (Wen, 2016.) The export of goods to the United States, Hong 
Kong, Germany, the UK and the Netherlands, Vietnam, Japan, South Korea and India has 
been the main supporter to China's rapid economic expansion (Trading Economics, 2019).  

Figure 3.3.1.1 illustrates the historical development of the economic growth of China in 
GDP, and the net rate of goods, which describes the difference between exports and imports. 
It is clear that the growth in both have been enormous in previous decades. The turning point 
of the goods export can be located to the beginning of the 2000s. The exports became bigger 
than imports in 2003. Still, in 2017, per capita income in China ranks 105th, and is below 
the world average (Song et al., 2017).  

Despite the economic growth, the Chinese have not reached the same welfare as people in 
Britain and the US (Central Intelligence Agency, 2019).  In 2017, GDP per capita in China 
was 72 percent less than in the United States, and 60 percent less than in the European Union 
(World Bank, 2019). However, the poverty of the Chinese has decreased dramatically as 
described in Figure 3.3.1.2. Millions of Chinese have been lifted out of poverty due to the 
economic growth (Li & Tilt, 2019).   
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Figure 3.3.1.1. Gross domestic product (GDP) of China describes a total market value of 
the goods and services produced by the economy of China. It has increased enormously 
since 1990s. Since 2002, the net trade in goods, i.e. the difference between exports and 
imports of goods of China, has followed the growth line of GDP. China has exported more 
than it has imported.  Data is in current US dollars. Data is adopted from the World Bank 
open data, which is under The Creative Commons Attribution 4.0 International license. 

 

Figure 3.3.1.2. GDP per capita in China is considerably smaller than in the United States 
and the European Union. Regardless of the high population growth, a poverty of Chinese 
has decreased remarkably. The poverty is defined as the percentage of the population living 
on less than $1.90 a day at 2011 international prices. Data is adopted from the World Bank 
open data, which is under The Creative Commons Attribution 4.0 International license. 
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The number of Chinese, the urbanization (Song et al., 2017), and environmental 
deterioration continue to increase at the same time with the growth of industrial production 
and economy. Especially, outdoor and indoor air pollution, desertification, soil pollution, 
and the steady fall and pollution of the water table cause serious problems (Kan, 2009). The 
total amount of carbon dioxide, which enhances global warming (IPCC, 2014) and is 
released by burning of fossil fuels in the process of producing and consuming energy, is the 
highest in the world (Central Intelligence Agency, 2019). People face serious health effects 
caused by air pollution (Pui, Chen, & Zuo, 2014). Especially, the outdoor air pollution 
contributes to the PM2.5 particulate matter, which is as well as CO2 emissions, caused 
mainly by coal burning in industry, power plants, and heating of residencies (HEI, 2016).  

Although the Britain and United States have gone through the similar development in the 
growth of production and welfare as China, it took roughly estimated more than 200 years 
from them to reach the same as China achieved over the past few decades (Song et al., 2017). 
Both countries produced a lot of pollution until their industrialization moved from heavy 
polluting manufacturing to cleaner (Wen & Wolla, 2017). In addition, the Western countries 
relocated part of their goods manufacturing abroad. For instance, China was the biggest 
source of imports to both the United States and the European Union in 2018. The imports 
in currency units from China to the EU were 1.88, and from China to the US 4.5 greater 
than exports to China (USTR, 2019; EU, 2019).   

According to the analyzes of Lin et al. (2014), 36% of anthropogenic sulfur dioxide, 27% 
of nitrogen oxides, 22% of carbon monoxide, and 17% of black carbon emitted in China in 
2016, were associated with export production. Moreover, about 21% of them were related 
to the export from China to the United States.  Lin et al., (2014) address that the 
responsibility of air pollution issues should be discussed and agreed on internationally in 
order to enhance clean air policy.    

In the beginning of the 20th century, the air pollution was seen more like a local issue. Today, 
the world is focusing on climate change and the understanding of the long-range transport 
of air pollutants has deepened. Therefore, in addition to problems within their own country, 
China faces a lot of pressure from Western nations. Industrialization enabled the growth of 
people's prosperity but simultaneously, China had to face the negative effects of it, such as 
air pollution and environmental destruction.  (Wen, 2016.) Moreover, it is obvious that 
China’s pollution situation today, is also a threat for the global population. (Wen & Wolla, 
2017.) 

The Chinese Government has implemented a successful air quality policy, and the change 
in people’s attitudes and actions has moved the air pollution situation towards the better. 
According to many studies, the concentration levels of the main pollutants have decreased 
dramatically and fast during the last years (Li M., et al., 2017; Song et al., 2017; Wang et 
al., 2017).  
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3.3.2 Air quality in China today 

The WHO estimated the worldwide annual exposure to the particle sizes PM2.5 and PM10 
in the period 2010 and 2016. Collecting data of the PM2.5 concentration levels is important 
because they provide good estimates of the air quality impacts on health. (WHO, 2018i.) 
For instance, in China, the particles PM2.5, coming mainly from coal combustion, motor 
vehicle emissions, and industrial sources, carry sulfate, ammonium, and nitrate along them. 
It is shown that PM2.5 particles have increased the cardiovascular and respiratory diseases 
of Chinese, and have increased a risk of morbidity and mortality. In addition, PM2.5 
particles serve as the dominant contributors in haze formation affecting visibility. (Pui, 
Chen, & Zuo, 2014.)  

The measurements and the WHO data cover 108 countries from 4387 settlements. It is good 
to consider that the number of measurement stations have increased over the last years, 
especially in low-income countries. It has certainly influenced on results. (WHO, 2018i) 

According to the WHO studies, the annual average air pollution levels remained steady on 
a global scale between the years 2010 and 2016. However, in the cities in the United States 
and Europe the pollution levels decreased while the levels in around 40% of the cities in 
Eastern Mediterranean and South‐East Asia increased. (WHO, 2018i) According to Figures 
3.3.2.1 and 3.3.2.2, the widest region with the hazardous levels of both particle size 
concentrations is located in Central-Eastern China. The annual particle level range in that 
area of PM2.5 is from 25 μg/m3 over 50 μg/m3, and the range of PM 10 is from 50 μg/m3 
over 100 μg/m3, while WHO Air Quality Guidelines (AQG), i.e. annual mean values for 
PM2.5 is 10 μg/m3 and for PM10 is 20 μg/m3. (WHO, 2018i.)  

The United Nations (2017) estimated that the population in China, in 2017, was 1.409 
billion, which is 18.7 percent of total world population. The world’s population was nearly 
7.6 billion in the middle of the year 2017. (United Nations, 2017.) The rough estimate of 
the average premature deaths indicates that 17% of all deaths in China are caused by poor 
air quality (Rohde & Muller, 2015). Besides the outdoor air pollution, the household air 
pollution and tobacco exposure are the causes, which increased the risk of premature death 
in China in 2010 (Yang et al., 2013). It is good to consider that the behavioral and metabolic 
risks factors, which drive the most death and disability, such as dietary, tobacco, high blood 
pressure, high fasting plasma glucose, high body-mass index, alcohol use and high LDL 
have increased with the range 15 to 68% between the years 2007 and 2017, while air 
pollution risk factor has increased 1.7%. Still, the air pollution has been fourth highest risk 
in the ranking lists in 2007 and 2017. (IHME, 2018.) 
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Figure 3.3.2.1. The measurement stations and the annual concentration levels of PM2.5. The 
annual concentration levels of particle matter show that the widest region with the hazardous 
levels of particle size 2.5 µm is located in South-East Asia. The Figure is adopted via WHO 
study, 2018i.   Reprinted with permission.  
 
 

 

Figure 3.3.2.2. The measurement stations and the annual concentration levels of PM10. The 
annual concentration levels of particle matter show that the widest region with the hazardous 
levels of particle size 10µm is located in South-East Asia. The Figure is adopted via WHO 
study, 2018i.   Reprinted with permission. 
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The scientists of Berkeley Earth, the organization, which investigates and proposes new 
options to reduce emissions, have investigated the air quality situation in China. The results 
of their research team strengthen the conclusions of the WHO study. The highest annual 
average concentration levels of PM2.5 and largest emissions of PM2.5 can be clearly located 
to the municipalities of Beijing and Tianjin, and the Hebei province as illustrated in Figures 
3.3.2.3 a) and b). The highest emissions can be as well located to the same area. In addition, 
the Liaoning, an industrial province in the Northeast, has also a very high PM2.5 emission 
levels.  

According to Figures 3.3.2.3 a) and b) of Berkeley Earth, the municipalities of Shanghai, 
Beijing and Tianjin, and the provinces Hebei, Shandong, Shanxi, Henan, Anhui, Jiangsu, 
Hubei, Shaanxi and Hunan in the Central-Eastern China are the regions, where annual 
average air quality is unhealthy for sensitive people or unhealthy to all people as PM2.5 
levels are over 35 µg/m3. Simultaneously, a huge number of the world's population lives in 
these regions. According to the data of the year 2017, adopted via National Bureau of 
Statistics of China (2019), the population of the mentioned regions is 571.2 million. Thus, 
this area includes around 7.5 percent of the world’s population. In addition, some separate 
areas in provinces around of these regions, belong to the same poor air quality category, 
which means that the actual number of people living in such air quality conditions is higher 
than the estimate lets us assume.  

 
a)            b) 

 
Figure 3.3.2.3 a) The annual average PM2.5 concentrations and b) emission levels in China.  
The Figures are adopted via http://www.berkeleyearth.org with the free use permission of 
Berkley Earth authors.  
 

http://www.berkeleyearth.org/
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In the study Particulate matter pollution over China and the effects of control policies by 
Wang et al. (2017), the researchers investigated the annual averaged PM2.5 concentrations 
in the Central-Eastern China between the years 1999 and 2015. According to the authors, 
China has succeeded in improving air quality in the investigated region in last decades, and 
such emissions as primary PM2.5, sulfur dioxide (SO2), and nitrogen oxides (NOx) have 
been decreased.  However, they state that it has been recognized in many studies that the 
atmospheric new particle formation (NPF) is very important source of aerosol particles in 
China.  Therefore, the secondary particles, which are formed, transformed and transported 
in the atmosphere, should also be considered when estimating the effects of particles on 
health and environment. Moreover, the authors address that China has to cut off 40 to 70% 
of the emissions to attain the air quality standards. 

Song et al. (2017) came to a similar conclusion. They conducted three years’ time series 
study, between 2014 and 2016, of the pollutant concentrations including particulate matter 
PM2.5 and PM10, and gaseous pollutants such as SO2, NO2, CO, and O3. The researchers 
collected data from over 1300 national air quality monitoring sites. Their study showed that 
population-weighted-average of pollution concentrations of PM2.5, PM10, SO2, NO2 and 
CO decreased. However, simultaneously, more and more population had to live in the areas 
where they were affected the levels of pollution higher than the standards. In addition, the 
levels of ozone increased. The authors also highlight the differences between the North and 
the South sides of China, and winter and summer times. Especially PM2.5 pollution in 
wintertime is worsening in the Northern China. All pollutants except ozone, reached the 
highest values during the winter, and the lowest during the summer. The researchers found 
out that there is a need for further epidemiological studies on complex air pollution caused 
by PM and ozone, which is a threat on human health, especially in mega-cities. (Song et al. 
2017.) 

According to the thorough and diverse study of Zheng et al. (2018) of the anthropogenic 
emission trends in China from 2010 to 2017, China reduced its anthropogenic emissions by 
62 % for SO2, 17% for NOx, 27% for CO, 38% for PM10, 35% for PM2.5, 27% for BC, and 
35% for OC.  The turning points of the emission trends were between the years 2011 and 
2012, except for organic carbon (OC). Most of the reductions were achieved between the 
years 2013 and 2017.  Their investigations showed that the actions, such as stricter emission 
standards, eliminating outdated industrial capacity, and closing small high-emitting 
factories in power and industrial sectors had a major impact on reduction of the pollutants. 
Residential emissions lowered mostly through cleaner fuels. Zheng et al. (2018) highlight 
that all emission reductions were associated with the goal to reduce PM2.5 pollution. On 
the other hand, the lack of emission controls increased the levels of NMVOCs, and remained 
the levels of NH3 stable. According to the researchers, the emissions from residential, off-
road transport, vehicle evaporative, solvent-use activities, and from agricultural sector 
should be taken into account more in future clean air policy.   

The findings on reduction of sulfur dioxide (SO2) in China, presented in many articles, are 
of particular interest with regard to air pollution management. Although, China is today the 
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largest consumer of the coal in the world (BP, 2018), it has succeeded in reduction of sulfur 
dioxide in last decades (Li, C. et al., 2017; Li, M. et al., 2017; Song et al., 2017; Stoerk, 
2017; Wang et al., 2017). The result is remarkable, because the burning of sulfur-contained 
coal produces large amounts of toxic SO2 pollutants to the air. SO2 further forms sulfate 
aerosols, which are the components of the visible, London type haze, which affects health 
and visibility. (Li, C. et al., 2017.) According to satellite measurements of Li, C. et al. 
(2017), between the years 2005 and 2016 the emissions increased from 2005 to 2007, and 
started to decrease steadily thereafter. The emission growth was seen in 2009–2011, which 
researchers assumed to be caused by government stimulus in response to the global financial 
crisis of 2007–2008. Altogether, from 2007 to 2016, emissions declined by 75%. During the 
same period of time, India increased its emission around 50%.  

Figure 3.3.2.4 illustrates the changes in emissions between the measurement periods.   

 

 
 

Figure 3.3.2.4. The emissions changes of SO2 over China and India between 2005 (a) and 
2016 (b). The emissions are expressed in Dobson Units (1 DU = 2.69 × 10 16 molecules 
cm-2). Emissions in India has increased significantly and at the same time decreased in 
China.  The maps are generated by Chris McLinden using Matlab. The Figure is adopted 
form the study of Li, C. et al., 2017. The Figure is licensed under a Creative Commons 
Attribution 4.0 International License.  

 

Stoerk (2017) conducted measurements of SO2 with the NASA EOS-Aura satellite between 
the years 2005 and 2010. His results show that SO2 emissions reduced by over 10% from 
the year 2005. Stoerk states that the reduction of the SO2 pollutant emissions was a result 
by policymaking in China. According to his studies in common and governmental work 
reports, political attention to air pollution, air quality and sulfur increased significantly 
between the years 2002 to 2010. In 2005, the government decided to limit the sulphur 
dioxide (SO2) emissions by 10% relative to 2005 baseline levels. The researcher points out 
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that the real achievements in reduction of the emissions were reached after the year 2008. 
Stoerk connects the turning point to the ministers’ ability to monitor pollution. It was not 
until 2008 that The Ministry of Environmental Protection (MEP) got a permission to track 
SO2 pollution at the source and independent of provincial governments. (Stoerk, 2017.)  

It is good to notice that the world coal consumption increased by 1% in 2017, which is the 
first growth since 2013. The growth is largely driven by India, but also China’s consumption 
increased after successive declines between the years 2014 and 2016. In addition, both 
China and the United States increased their coal production in 2017. (BP, 2018.)  

Li, C. et al. (2017) states that the reduction of the SO2 emissions were caused by stricter 
pollution control measures, the gradual shift to non-coal energy sources and to the slowdown 
of the Chinese economic grow. In 2018, the economic growth rate was 6.6%, which is the 
slowest rate China has recorded since 1990 (Wei, 2019). Li, C. et al. (2017) also highlight 
that reduce in SO2 emissions will also reduce sulfate aerosols, which no further reflect the 
sunlight and therefore the new situation accelerates the warming effects of greenhouse 
gases. It is also important to understand that despite the reduction of the SO2 emissions, haze 
is still a severe environmental problem. Therefore, the understanding of the mechanisms of 
haze formation is important in order to improve air quality in China. (Li, C. et al., 2017.)  

There appear to be some contradictions between the results of air quality emissions and air 
pollution concentration levels in China between the different studies. It is necessary to 
consider that China is a big country with a large population and large regional differences. 
For instance, economic growth, which varies depending on region, has an impact on 
research and technological development investments, private car ownerships and total coal 
consumption, which further influence on air quality (Bin & Boqiang, 2015). In addition, the 
climate factors, meteorological conditions, and boundary-layer structure influence on air 
quality. For instance, the hazardous air pollution episodes in Beijing-Tianjin-Hebei in 2013 
were associated with these factors rather than increase in emissions.  (Wang L. et al., 2014.) 
China has also implemented various laws in rapid pace as discussed in next chapters, which 
influence on air quality in short period. Therefore, the average concentration levels and 
emission rate estimates consist of high uncertainties and become outdated fast. 

However, recent investigations state that China’s policy has succeeded in reducing air 
pollution, especially SO2, PM2.5 and NOx emissions (e.g. Wang et al., 2017; Zheng et al., 
2018), despite the continuing economic growth and high consumption of coal. In addition, 
the speed of the reduction of pollution has been much faster than the process made in 
developed western nations, such as the United Kingdom, in the middle of 20th century 
(Stoerk, 2018). Still, the haze fog formation existing today is different from original one - it 
is changing from single-type to multiple complex variations. New scientific methods are 
needed to study in order to understand better this new type of pollution and its complex 
forming processes. (Peng & Wu, 2017.) To understand better the success in reducing 
pollutants and the air quality situation today, and to be better prepared to change things for 
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the future, it is important to take a closer look into the causes and consequences, as well as 
the policy and implementations taken to improve air quality in China. (Kulmala, 2015.) 

3.3.3 Air pollution sources and emissions in China  

Li M. et al. (2017) have investigated the anthropogenic emission inventories in China.  The 
emission inventories are databases or lists, which tell how much pollutants are emitted into 
the atmosphere during a selected period. The lists are developed by the continuous 
monitoring of emissions from a source, short-term emission measurements that are 
extrapolated to a longer period, and by using emissions factors. The factors are the values 
of emissions that are related the certain source. For instance, a mega gram of coal burned 
produces a kilogram of particle matter is a factor. The development of the inventories 
depends on the availability of data, time, staff and funding (EPA, 2018f.)  

According to the inventories available, Li M. et al. (2017) state that the main sources of the 
anthropogenic air pollutants in China are industry, solvent sources, power plants, 
households, transportation, agriculture and biomass burning. The authors highlight that the 
complexity of the technology mix and the lack of reliable local measurements make 
estimations of the emissions in all sectors very challenging and carry out very high 
uncertainty in China. They point out that China has made a great progress in availability of 
both reliable and accuracy data and inventories in last decades but more reliable emission 
inventories, which further can be used in atmospheric and climate models, is required to 
develop. In addition, such inventories and models support policymaking.  

Li M. et al. (2017) estimated that the industry, such as cement, iron and steel plants, 
industrial boilers and petroleum industry were the largest source of SO2(57%), NOx (34%), 
CO (44%), NMVOCs (35%) and PM2.5 (50%), and PM10 and BC (34%) emissions in 
China in 2010. Burning processes of coal in cement plants and in factories produce SO2 and 
NOx emissions. The cement production and consuming has grown fast since 1980 being the 
largest in world in 2014. In addition to emissions from kilns, quarrying and crushing, 
grinding and blending, packaging and loading, and the storage of raw materials are the 
sources of PM emissions.  However, China has remarkably decreased the levels of PM 
emissions in plants by changing the types of kilns and developing the PM removal 
technology. (Li M. et al., 2017.)  

The rapidly growing infrastructure since 1996 has increased the production of iron and steel 
(Li, M. et al., 2017). The results of Wang et al. (2016) show that emissions of gaseous 
pollutants such as SO2, NOx, CO, particulate matter and heavy metals such as Hg, Pb, As, 
Cd, Cr, and Ni from steel and iron industry increased gradually from 2000 to 2011.  The 
strict policy has decreased pollution after 2012.  The study of Wu et al. (2016) states that 
the emissions of iron and steel industry are still going to decrease due to the Twelfth Five 
Year Plan, which demands iron and steel industry to equip new technologies and to meet 
new emission standards. Authors of the study bring out that only few implementations have 
made to decrease the emissions of NOx in steel and iron industry. However, more research 
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on the issue is recently made. The scenario of Wu et al. (2016) is that the strict control of 
the government will further decrease emissions of NOx.  

The 85% of the industrial boilers use coal as fuel. The government has regulated the 
emission standards for industrial boilers in many years but the effects of them at the national 
level are not available. It is shown that the megacities such as Beijing and Shanghai have 
succeeded in decreasing the pollution by effective control measures. In addition, Beijing 
shut down small-scattered boilers, constructed highly efficient units and shifted the energy 
sources from coal to cleaner fuels. (Li M. et al., 2017.) 

The petroleum industry is the largest source for non-methane volatile organic compounds 
(NMVOCs). According to Li M. et al. (2017), the rapid economic development and the lack 
of strong control measures of NMVOCs have increased the concentration levels of them 
continuously from 2000 to 2015. The estimations were made by the method, which takes 
into account often limited information of the exploitation, storage and transport of oil and 
gas, oil refineries, gas stations, the chemical industry and carbon black production. In 
addition, paints, adhesives, printing, degreasing, pesticide use, pharmaceutical production 
and dry cleaning cause more than 20% of the total emissions of NMVOCs. Because of the 
growth in NMVOCs emissions (Li M. et al., 2017; Wang et al., 2017), the government has 
set limits on solvent contents. (Li M. et al., 2017.) 

The demand for the electricity has increased the emissions of the power plants rapidly since 
1990s. Fortunately, the technological development in power plants has lowered the speed 
of emission growth. (Li M. et al., 2017.) 

Cooking and heating with fossil fuels such as coal, oil and gas cause large emission of 
PM2.5, BC, OC and NMVOCs in China. It is estimated that relatively low combustion 
efficiency and the lack of controls maintain the high level of emissions even though the 
consumption of the fuels is only 10% of the total energy consumption. The estimated 
emissions from residential sector are even more uncertain than in other anthropogenic 
sectors because of the wide variety of fuel-use patterns and emission characteristics and the 
lack of relevant data. The new study approaches have investigated the relationships between 
the residential fuel consumption and choices, such as fuel types and quality, stove used, and 
combustion conditions, with natural and socio-economic factors, such as temperature, 
household income, energy prices, fuel access, electrification and level of education.  With 
new knowledge, the development of the new models, which use climate and socio-economic 
parameters, including heating days and heating degree-days, have come possible. (Li et al., 
2017.) 

The number of cars and transportation has increased rapidly, which has led to the emission 
growth. Especially, on-road transportation is the largest contributor to PM2.5 in megacities. 
Li M et al. (2017) investigated a number of papers, which presented vehicle emissions in 
China between the years 1980 and 2017. The study clearly showed the trend, including few 
exceptions, that the emissions of NOx, CO, PM and NMVOCs increased rapidly from 1980. 
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However, the total emissions of NMHCs started to decrease approximately in 2007, CO 
emissions and PM in 2010, and NOx in 2013.  

Although, China is one of the largest shipping countries, the emissions from shipping have 
not gained a lot of interest. In addition, the existing studies of the emission levels have large 
variations. For instance, the statistical databases of ships are limited, part of the information 
is missing, data does not match or the properties of the ships are inconsistent. There is a gap 
as well in the estimates of other off-road vehicles such as agricultural equipment, 
construction machinery and locomotives. The number of such vehicles and the quantities of 
freight transported are available in Chinese statistical yearbooks. Several studies report that 
the activity levels for the vehicles and the emissions can be calculated with the average fuel 
consumption rate. More real world data of activity rates are urgently needed in order to 
update the emissions in shipping and in other off-road transportation. (Li M. et al., 2017.) 

The reported emission levels of agriculture vary a lot. It has been estimated that ammonia 
emissions may be very high, but uncertainties in fertilizer application methods, animal 
housing conditions, animal manure management, and environmental conditions that 
determine ammonia volatilization varies a lot.  In addition, people burn in-field crop residue 
at harvest time. This open biomass burning emissions are estimated mostly with from the 
satellites but estimations are highly uncertain. (Li M. et al., 2017.) 

The success in decreasing emissions of pollutants is achieved mostly by new technology 
taken into a use and saving of energy. The change has been driven by governmental 
policymaking and enforcement. The monitoring and making models, based more on real-
life data, will enhance the development on the inventories, which are important bases for 
the regulations. Researchers also point out that often the models use the factors characteristic 
to the issues in the US or European countries. However, they do not accurately reflect the 
conditions in China. For example, in transportation, the vehicles use different kinds of fuels, 
configurations of vehicles are not the same, ambient conditions are different and driving 
activities differ. Therefore, more real world testing, on a region investigated, about such 
conditions and activities are urgently needed. (Li M., et al., 2017.)  

According to this literature review, although the trends of the emissions rates, investigated 
by the different research groups, appear to be quite similar, still too much variations and 
uncertainty in estimations are observed. It is clear that, in addition to the development and 
invents of new technologies and research, it is necessary to develop the inventories, which 
are based on real factors, such as air pollution monitoring, local research results, and realistic 
data and policymaking, to reach the standards set for good air.  

Although, the industrial and residential sources are the largest causes on polluted days in 
the Chinese cities, the impact of open burning, secondary organic aerosol and dust storms 
on air quality can be identified, especially in spring and summer. (Qiao et al., 2018.) For 
instance, dust from Taklimakan Desert in Northwest China has been witnessed to have the 
significant impacts on air quality on cities for few days periodically (Li, Liu, & Yin, 2018). 
Unsustainable use or agricultural land, deforestation, overgrazing, high latitudes, depletion 
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of water sources and industrial activities and climate change (Lyons, 2018) can increase 
sand and dust storms (Wang, 2004; UNCCD, 2019).  Consequently, more sand and dust 
clouds, mixed with the smog, reach Northern part of the China and the countries overseas. 
For instance, in May 2017, the dust clouds in Beijing’s rose the levels of PM10 to 40 times 
greater that is safe according to WHO guidelines. (Lyons, 2018.) Sand can cause coughing 
and wheezing and it can be harmful for lungs by worsening the symptoms of bronchitis and 
respiratory diseases. It can also increase cardiovascular diseases. Sand carries harmful 
things, such as bacteria, virus, fungi, pollutants, and allergens, with it. (Gross et al., 2018.)  

3.3.4 The birth of industrial revolution and air pollution problem  

It is clear that the air quality in China is still poor, and the causes on it are diverse and very 
difficult to analyze detailed. However, in recent years, many scientists highlight that China 
has succeeded in decreasing many major pollutants from the air (Li M., et al., 2017; Song 
et al., 2017; Wang et al., 2017), and air quality is getting better. In addition, the reduction 
has been fast (Stoerk, 2018). It is important to examine which factors have led to the 
hazardous air quality and which have contributed to the changes towards the better. The 
study of these issues enhances the understanding of the holistic view of air quality. They 
provide educators with important knowledge of interactions within air pollution issues, and 
are, therefore important to take into account in air quality education.  

The economy of China grew steadily from 1870 to 1930. Cotton mills were established in 
the first decades of the 20th  century. Clothes, cotton pieces, and yards were mostly made by 
machines in factories. The industry grew faster than in any other region in the world. 
Between the years 1912 and 1933, the industrial products grew about 6 percent, cotton yarn 
spindles 12 percent, iron 9 percent, and coal over 8 percent per year. Simultaneously, 
capacity of steamships increased by 12 percent and usage of the railways 10 percent. 
(Dikötter, F, 2008.) Despite the industrial growth, the industry manufactory was relatively 
small and China remained primarily as an agricultural economy in 1949 (Brandt, Ma, & 
Rawski, 2016). The major part of the total 552 million Chinese people lived in the 
countryside (Sanders, 1999).  

After the war (from 1937 to 1949), The People’s Republic of China was established and the 
economy of China began to recover and, slowly, to grow. For instance, in 1949, China’s 
steel output was only I58 000 t, but within seven years it reached 5.35 Mt (Feng, 1994). In 
1958, the chairman of the communist party Mao Zedong announced his plan called Great 
Leap Forward.  In addition to rural collectivization, one of the main goals of Mao was to 
grow industrial and manufacturing production in China, and surpass Great Britain industrial 
production in 15 years and the United States in 20 or 30 years (Wei & Yang, 2005). The 
steel production targets of Mao further escalated many times. Many of his plans, such as 
building extensive dams to provide energy, worried scientists, but their concern was ignored 
(Mao, 2017). One of the Mao’s acts was to order the communes and urban neighborhoods 
to build furnaces to produce steel. As a result, 600 000 primitive backyard furnaces were 
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built. People melted down cooking pots, bicycle frames, and other metals they found, 
resulting in very poor quality steel.  (Gillespie, 2018.) Simultaneously, the forests were 
harvested down to get fuel for the furnace fires (Gillespie, 2018) because the coal did not 
fulfil the energy need. The deforestation has been seen as an important contribution to the 
increased number of sand storms, which again effects on visibility and causes, for instance, 
breathing problems. In China, especially the Northern China and Beijing has suffered about 
the serious sand storm episodes (Wang, 2004.) 

It is obvious that the production of steel in furnaces and other products in factories, without 
the emission control, increased the emissions to the air, and caused serious health problems 
to the workers. Steelmaking emits a huge amount of different kinds of air pollutants to the 
atmosphere. The metal oxides, smoke, fumes, and dusts make up the visible aerosol plume 
to the air. Gaseous emissions, such as carbon monoxide, oxides of nitrogen, and organic 
gases and particulate emissions may cause serious problems. (Vallero, 2014.) Sulfur dioxide 
(SO2) emissions have certainly been high around the furnaces (Fang, Chan and Yao, 2009). 
As a result of Mao’s Great Leap Forward, as well as the Cultural Revolution, the production 
of steel decreased in the late 1950s (Feng, 1994). In addition, Mao’s indifference towards 
environmental legacy and humans’ wellness was seen as high mortality and in the 
destruction of the environment (Sanders, 1999). However, the growth of steel production 
started again in the early 1970s and has expanded rapidly since. (Feng, 1994.) 

Although China used coal a thousand years ago during the Song dynasty, and again in the 
late 19th century, the real growth in coal consumption started after 1949 (Gillespie, 2018). 
The backyard furnaces mainly caused the explosive growth of coke production during the 
Great Leap Forward (Zhang, 1999).  After 1978, China began to manufacture huge 
quantities of goods for the domestic market and to other world markets. The coal 
consumption grew, and in 1989, China became the world’s largest coal producer. Seventy-
five percent of the electricity powering China’s industry and cities came from burning a 
billion tons of coal. The coal was mostly uncleaned and burned with minimal or no air 
pollution controls. The low quality coal and inefficient burning released a significant 
amount of fine particles, sulfur oxide and carbon oxide into the atmosphere. The miners 
suffered from lung diseases caused by the coal dust.  The impact was also seen on local 
water supplies and the landscape. (Gillespie, 2018.) 

The use of coal and oil increased steadily after 1968 to 2002.  After 2002, the growth was 
enormous as illustrated in Figure 3.3.4.1. Coal, the primary energy source caused acid rains 
and increased the mass concentration of particle matter and emissions of sulfur dioxide 
(SO2).  In addition, the use of oil increased the emissions such as nitrogen oxides (NOx) and 
carbon monoxide (CO) in large cities, mostly caused by rapid growth of motor vehicle 
population. (He, Huo, & Zhang, 2002.) 

 

 



121 
 

 

 

 
 

Figure 3.3.4.1. History of China’s energy consumption by different fuel types, 1965–2015. 
Data sources are BP Statistical Review of World Energy (2016) and NBS China Statistical 
Yearbook (2015) as adopted and cited by Dong et al., 2017. The Figure is under The 
Creative Commons Attribution 4.0 International license. 

 

In the 1970s, the black smoke rose from the chimneys at industrial cities (He, Huo, & Zhang, 
2002), and serious environmental pollution problems began to emerge. Sometimes people 
protested against the heavily polluting work places by escaping, or complained about the 
situation. The farmers fought against the polluting factories. In 1972, Chinese Government 
responded and sent delegates to the UN Conference on the Human Environment in 
Stockholm. (Otsuka, 2016). China’s first national environmental protection conference was 
held in Beijing in 1973, which can be seen as a kick off to China’s environmental protection. 
The conference stated that environment should be protected and improved for the benefit of 
the people. (Zhong, 2015.) After 1978, the economy of China grew rapidly through 
Economic Reform and Open Door Policy. More and more products were produced in 
factories and the pace of industrialization was the fastest in the world. Since industry needed 
more and more energy for the production, the acceleration of the environmental 
deterioration was inevitable. (Fang, Chan, & Yao, 2009.)  

Fortunately, during Deng’s period of chairmanship from 1978 to 1989, the environment was 
taken into account in policies and in pronouncements and the scientific exchange with the 
West started (Chan & Yao, 2008). In the end of the year 1978, the CCP stated that China 
should not follow the ways of developed countries, in which the environment was 
constructed and destructed first, treated later (Fang, Chan, & Yao, 2009).   
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In 1979, the first Environmental Protection Law was adopted to trail bases. It was 
promulgated in December 1989. The law stated that people have the right to accuse 
polluters, and environmental protection agencies can charge them for damages. (Otsuka, 
2016.) In addition, urban air pollution monitoring started in the mid-1970s and monitoring 
of acid rain, in some regions, began in the early 1980s (He, Huo, & Zhang, 2002).  

In 1982, The Ministry of urban and Rural Construction and Environmental Protection was 
established. It was further renamed as National Environmental Protection Agency (NEPA). 
The agency was given the responsibility of supervision and administration of environmental 
protection in China in 1988. (Sanders, 1999.) Since then, environmental protection 
advanced faster (Otsuka, 2016). In the end of Deng’s leadership in 1989, although the 
actions and improvements made in some areas, the environment was more polluted and 
degraded as it was in the beginning of his era (Sanders, 1999). 

During the last decades of 20th century, Chinese Government aimed to improve air quality 
by taking various actions. The laws, regulations, and standards were promulgated. The first 
Chinese National Ambient Air Quality Standards (CNAAQS) in 1982 focused mainly on 
atmospheric pollutants from coal smoke and regulated only the concentration value for total 
suspended particles (TSP) (Transportpolicy, 2019). In 1997, the national air pollution 
monitoring system was established, and many large cities began to publish weekly air 
quality reports (He, Huo, & Zhang, 2002.) In addition, environmental research, such as 
atmospheric research in 1980s, was funded (Fang, Chan, & Yao, 2009), the development 
programs for urban air pollution control were implemented, and investments were made in 
environmental infrastructure, such as on pollution control devices, cleaner production 
technology, and on natural gas pipelines (He, Huo, & Zhang, 2002). 

However, the first implemented laws and regulations were not successful. For instance, The 
Law on Air Pollution Prevention and Control of the People’s Republic of China (LAPPC) 
approved by the National People’s Congress in 1987 did not achieve the aims.  The law 
ordered the local governments to control emission concentrations of air pollution within 
their jurisdiction, especially from industrial coal burning units. The fines should be 
determined, if the air pollution standards were not followed. However, the pollution fee 
levels were strikingly low compared to the investments needed to reduce pollution. The 
sufficient monitoring and regulatory control capacity were missing. Therefore, the laws and 
regulations were not taken seriously. It was expected that the incomplete implementations 
were going to be, eventually, permitted. The vague laws provided polluters a possibility to 
broad interpretations.  (Jin, Andersson, & Zhang, 2016.) 
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Generally, before the year 2005, air pollution was not regarded as an urgent social problem. 
There was a lack of understanding of the general principles of environmental rights and 
interests. (Jin, Andersson, & Zhang, 2016.) According to United Nations (2019), 
environmental rights mean that the fundamental rights cannot be enjoyed without a safe, 
clean and healthy environment and the atmosphere has its value as it protects human life 
and enhance social welfare.   Therefore, the law did not work as expected (Jin, Andersson, 
& Zhang, 2016). The law was revised for the first time in 1995 and amended in 2002 (Fang, 
Chan, & Yao, 2009).  

Beijing was a forerunner and adopted numerous implementations to improve air quality 
before other regions. According to authors of Research on Different Sectors and Sources 
Regulations’ Contribution to Air Pollution, 2006, (as cited by Jin, Andersson, & Zhang, 
2016), the emissions form vehicular exhausts and caused by transport did not provide any 
significant improve on that time. However, the research proved that by controlling the 
vehicle exhausts, among all the measures, decreased most the concentration levels of NOx 
and PM2.5 in Beijing.  

At the turn of the century, the coal smoke and particles were the main reason to the poor air 
quality in China (He, Huo, & Zhang in 2002; Fang, Chan, & Yao, 2009). The SO2 emissions 
decreased 6 percent from 1999 to 2000, and the NOx pollution levels were relatively low in 
most cities (He, Huo, & Zhang, 2002). However, the mixture of pollution from combustion, 
biomass burning and vehicle exhausts formed complex air pollution and regional haze 
emerged and increased. The phenomena occurred especially in larger cities, hand by hand 
with better economic development. It was also understood that air pollutants transport to the 
other countries and therefore their effects are global. In 2006, PM10 concentrations, only in 
4.3% of the 559 cities monitored, were less than 40 µg/m3. It is good to notice that WHO 
guideline is 20 µg/m3.  Heating with coal in Northern China, less rainfall and greater soil 
erosion made air quality much worse that in south. In 2006, because of the high cost of 
installation, only 15% of coal-fired power plants were equipped with flue-gas desulfurizing 
equipment. Many outdated technologies were in use, which, therefore, meant lower energy 
efficiency and more air pollution (Fang, Chan, & Yao, 2009.) 

In addition, urbanization and the large growth of vehicle population created new air quality 
problems.  The high immigration from rural areas to cities started in the late 1970s. The 
population in the cities grew from 19.6% in 1980 to 40.5% in 2005. From 1990s, people 
mostly clustered to the big cities and the megacities with over 10 million citizens formed 
(Chan & Yao, 2008). The number of civil vehicles and the number of urban and rural 
population are illustrated in Figure 3.3.4.2. The number of civil vehicles began to grow hand 
by hand with the urbanization in the end of the 20th century. According to Figure 3.3.2, as 
well, it grew hand by hand with the GDP per capita.  
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Figure 3.3.4.2. The number of urban and rural population and the number of civil vehicles 
in China. The data is adopted from National Bureau of Statistics of China, 2019.  

 

In the early 1990s, around 1% of 500 cities in China reached the least serious level of air 
quality standard. In the end of the 1990s, megacities Beijing, Shenyang, Xian, Shanghai, 
and Guangzhou were included in top ten most polluted cities in the world. (He, Huo, & 
Zhang, 2002.) It is good to consider that the size of the urban population and the frequency 
of high daily concentrations are not necessarily linearly proportional. For instance, many 
megacities have implemented extensive environmental protection measures and many 
polluting industries have been relocated to the smaller cities in China. (Han et al., 2018.)  

However, in 1990s, the number of vehicles increased rapidly, which caused the high 
concentration levels of the annual average of NO2, in megacities. The number of increased 
foggy days, high pollution episodes, visibility, the role of indoor and outdoor air pollution, 
and the role of poverty in air pollution woke up an interest of scientists. Therefore, the 
monitored data, which was not available for the public on that time, would have been very 
important for deeper studies of air pollution. (Chan & Yao, 2008.) 

3.3.5 Public awareness on air quality  

In 1979, after China’s first environmental law, the government was more tolerant towards 
environmental protests. Before, the protests were relatively rare and they had serious 
consequences. Since, the Chinese press has written about the environmental problems and 
the announcements of the government plans to protect the environment. As well, the public 
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has protested against the abuse of nature, for instance, by sending a numerous letters and 
petitions to central and local environmental protection agencies and authorities.   Failed 
petitions led to demonstrations, road-blockages, and scuffles. Most actions were small-
scaled and targeted at local polluters or engineering projects.  In 2008, the government had 
to launch a legal experiment to control the conflicts and protests, which were sinned out of 
control.  A few Chinese non-governmental and international organizations were founded in 
larger cities in 1990s. The aim of the organizations was to raise public awareness of 
environmental issues by different kinds of events. (Jing, 2010.) 

According to Yang and Xu (2014), Chinese people started to pay attention to environmental 
problems in 1992, when China failed in the bid for the Olympic Games. In 2001, China 
presented plans of green, high-tech and humanistic Olympics, which further gave a 
permission to host 2008 Olympic Games in China. Beijing succeeded to achieve its aims in 
green Olympic plan by strong and effective implementations such as reconstructing industry 
more to high-tech and service industry, relocating heavy polluting industry and developing 
the use of green energy.  In addition, people’s awareness and participation on environmental 
protection was increased by various ecofriendly actions such as promoting ecofriendly 
equipment, implementing various green campaigns, developing waste collection and 
encouraging the use of public transportation by lowering the ticket prices. (Yang & Xu, 
2014.)  

As a result, Beijing’s air quality improved significantly after 2008. However, the impacts 
lasted for only a short period. After 2010, the impact gradually faded away. Especially, the 
winter air quality stayed poor, and the improvements were seen during the other seasons. 
(Zhang, Zhong, & Yi, 2016.) Moreover, Yang and Xu (2014) highlight that the Olympic 
Games had an impact on other mega events, such as 2010 Shanghai Expo and the 16th  Asian 
Games in Guangzhou. In addition, it accelerated restructuring processes in industry in 
Beijing and made people to pay more attention to environmental protection. 

In 2008, the US embassy of Beijing began monitoring PM2.5 pollution on the Embassy 
roof. The air quality data was shared via Twitter and The State Department website to the 
public. By 2012, new monitors were also set up on Shanghai and Guangzhou. (Huang, 
2014.) In addition, the US embassy, some organizations and individuals measured the levels 
of PM2.5. It was found out that air quality, for instance, in Xi’an, Lhasa and Chengdu was 
very low. (Zhang, 2018.)  

In 2013, the study of ‘Evidence on the impact of sustained exposure to air pollution on life 
expectancy from China’s Huai River policy’ of Li Chen and co-authors was published. Their 
results showed that air pollution has disastrous consequences for health, and the residents 
of the North China have shortened lifespans. (Chen et al., 2013.) The results of the study 
were widely discussed in major international news outlets and in several outlets in China. 
In addition, the social media and Chinese blogs spread the results of the embassy monitor 
to the Chinese public. The public concern was waken up, and they demanded actions from 
environmental ministry. (Zhang, 2018; Greenstone & Schwarz, 2018.)  
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Huang (2014) highlights the meaning of internet, smartphones, microblogging and online 
voting as channels for people to learn and communicate peacefully of air pollution with 
others as well as with government. As the knowledge was shared, people began to 
understand that air pollution influences on people’s health and it has an impact on 
everybody’s life. They realized that they had a right to demand and know. Therefore, also 
the unofficial gatherings and protests increased (Albert & Xu, 2016).   

The high pollution levels also worried foreigners, which began to move away from China. 
In addition, other regions such as Japan, the US, Taiwan and Korea began to complain about 
the air pollution, which was transported from mainland China (Zhang, 2018). The concern 
was also seen on the streets as high pollution levels drove people to use facemasks. The air 
purification sales of the companies such as 3M have boomed in the Chinese markets. 
Recently, air pollution has increased the sales of high-end air purification units (CSIS, 2019; 
TechSci Research, 2019.)  

The public realized the difference between the government and the US embassy air quality 
index. It turned out that the difference was caused by the lack of PM2.5 concentrations in 
the government’s air quality assessments. The government only monitored the levels of SO2, 
NOx and PM10. (Huang, 2014.) 

The government responded concretely by succeeded Air Quality Action Plan in 2013. The 
plan met its goal to decrease air pollution by regulating the coal consumption, controlling 
vehicle emissions, increasing renewable energy production and by tighten emissions 
standards. They also widened the air quality-monitoring network and opened more data for 
public use. In addition, the gas and electric heaters replaced the polluting broilers at homes. 
(Greenstone & Schwarz, 2018.)  The changes in air quality index placed almost 60% of the 
cities into a category of bad air quality in 2012 leading to a great concern about the impact 
of air quality on human health (Huang, 2014). 

The annual average levels of PM2.5 were observed to decrease between the years 2013–
2015. However, several extreme smog episodes continued to occur. (Aunan, Hansen, & 
Wang, 2017.) 

The documentary film Under the Dome in 2015 was seen as relevant in the development of 
citizens’ awareness in air pollution issues in China in various news and scientific articles 
(Powers, 2016; Cui, 2017; CSIS, 2019; Li & Tilt, 2019; Shanghai, 2015). The film appealed 
on emotions, especially by highlighting the human cost of air pollution, which is mostly 
paid by the children (Li & Tilt, 2019). The film was viewed around 200 million times on 
Chinese websites within 48 hours before it was removed (China Digital Times, 2019). 
According to the studies of Li and Tilt (2019), after the film, people expressed that their 
understanding of smog has changed, and they are deeply concerned about the air pollution 
situation in China. In addition, there were signs of the willingness to take individual actions, 
such as restricting the use of cars, to increase public transportation usage and to participate 
anti-smog campaigns to improve air quality.  
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Li and Tilt (2019) point out that although millions of Chinese have suffered from the air 
pollution for decades, attention of the international and domestic media on smog issues in 
China and awareness of the Chinese middle class have risen only recently.  Besides the 
newspapers and governmental media sources, the public increasingly gain information of 
the outdoor air quality from internet, television and social media platforms. Li and Tilt 
(2019) address that today the government publishes open air quality data, allows press to 
write about the air quality issues and encourages the public to engage to the battle for the 
better air.   

According to the study of public engagements with smog in Tangshan, which is a heavily 
industrialized city in northeastern China, the urban citizens are highly concerned of the 
effects of smog on health and quality of life. Their understanding of the smog was not good 
even though it affected their daily life. The citizens also felt unsure, which individual actions 
can most decrease air pollution, or they do not believe that the actions are meaningful 
enough to reduce smog. In addition, especially higher educated people are often doubtful 
towards the information shared. The citizens are skeptic whether the governmental 
authorities will enhance environmental protection if the cost is slow economic growth. (Li 
& Tilt, 2019.) 

Li and Tilt (2019) address that Tangshan citizens agree about the actions needed to do to 
clean the air. However, there is a gap between the agreements and the actions that the 
citizens are really willing to take. Therefore, their results indicate that the understanding of 
air pollution issues, do not necessary lead to the actual changes in behavior and actions. 
According to the Li and Tilt (2019), their study strengthen the social science theory of 
planned behavior, in which social, cultural, political and situational context and 
demographic factors have an influence on people's thinking of environmental issues. 
Moreover, they state that the trust people have on governmental air pollution policy, affects 
citizen's perceptions.  

Van Rooij (2010) highlights that citizens can also act by learning through experience, self-
study, advice and information from other citizen activists, or experts help them. For 
instance, in China, farmers mostly initiated the cases in court, and the protest cases and 
petitions were mostly rural. Recently, the urban initiates in courts have increased.  

The Chinese Government is aware of public concerns regarding air quality issues and is 
committed to tackling the problem. The traditional Chinese top to down governance 
structure has led to the common thinking that environmental protection actions belong 
mainly to the government (Huang, 2014; Li & Tilt, 2019). However, Li and Tilt (2019) 
highlight that it is important that the Chinese public, especially the growing urban middle 
class, is engaged and active in environmental actions in order to solve the air pollution 
problem. In fact, the situation is changing, and the public increasingly affect guiding the 
stricter environmental policy at various levels of government. (Li & Tilt, 2019.) 

Van Rooij (2010) states that the citizen environmental actions take place after   people 
understand the serious effects of pollution on health and on material, and by recognizing 
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that someone has a responsibility of the environmental damage. An awareness wakes up fast 
in cases where accidents have a sudden impact on the local environment and they cause 
direct, visible damages.  

The experts have an important role in environmental processes because they often share the 
knowledge to the public. However, the knowledge shared can totally be ignored and it does 
not lead to any action. In order to make a difference, the knowledge has to be connected to 
people's own experience, moral values or interests. In addition, the citizens are not willing 
to act against the   corporations, which they are somehow dependent. Environmental 
activism requires leadership, organization, coordination, social resources and expertise in 
law. (Van Rooij, 2010.) According to the cases Van Rooij (2010) studied, the collective 
action and protests have been quite successful in environmental cases. 

3.3.6 Government plans and regulations to tackle air quality problem in last two 
decades                                                                                                                                      

During the last decade of the 20th century, the air pollution policy of the Chinese 
Government, did not achieved the goals. However, the air pollution policy developed, the 
concern of the public was noticed and a large number of different actions were implemented 
in order to reach the goals.  

China started its battle against the vehicular pollution by regulating emissions from the 
vehicles at the first time in the 1993 but the EURO-I standards for automobiles were adopted 
in 2000. In 2004, the first fuel consumption regulations were adopted. All the standards such 
as fleet average and consumption targets, fuel quality standards and technical requirements 
have been modified and tightened various times in the 20th century. The regulations for the 
year 2020 set the target of a fleet average to 5.0 l/100km for new vehicles sold in 2020. In 
addition, the flexible policy is supposed to courage manufactures to adopt off-cycle fuel 
saving technologies. It is good to notice that some regions and cities, such as Beijing, 
Shanghai, and cities around the Pearl River Delta have adopted and implemented their own, 
stringent fuel quality standards before other regions. (TransportPolicy, 2018.) For instance 
in Beijing, between the years 1999 to 2004, the regulations succeeded. While a number of 
automobiles 1.5 folded, the particle emission PM2.4 decreased 8%. (Fang, Chan, & Yao, 
2009.) 

The first air quality standards in 1982 set limits for TSP (Total Suspended Particulates), 
SO2, NO2, lead, and BaP (benzo(a)pyrene). In 1996, the standards were tightened and 
pollutants such as PM10, NOx, CO, ozone (O3), Pb, B[a]P, and F were also included to the 
standards (He, Huo, & Zhang, 2002). In 2000, the standard was updated with less stringent 
limits for NO2  and O3. In February 2012, the standards for PM2.5 were released for the first 
time. The new nationwide standards were released in 2016. In addition, the air quality index 
definition changed. For the first time, it took into account PM2.5 and ozone. It is good to 
notice that China’s Air Quality Standards have not always considered all the regions. 
Instead, the regions were divided in classes 1 and 2. Nationwide implementation of the 
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standards was completed in 2016. (Jin, Andersson, & Zhang, 2016; Transportpolicy.net, 
2018.) 

In the 10th Fife Year Plan (FYP 2001-2005) and early 11th FYP (2006–2010) China 
implemented significant policies on air pollution. The policies focused on the total emission 
control of SO2 emissions and on energy saving. The levels of SO2 should undergo 10% 
reduction from the level of 2000, and again the same reduction from the level 2005. Energy 
target was 20% reduction per unit of GDP from the level of 2005. The targets were 
decomposed among the provinces. (Jin, Andersson, & Zhang, 2016.) 

In the 12th FYP (2011–2015), the policies were maintained and extended (Jin, Andersson, 
& Zhang, 2016). For instance, in 2013, the State Council stated that the concentration levels 
of PM2.5 should decrease by 15-25% in key cities, and PM10 should decreases 10% in all 
cities by 2017 from the year 2012 baseline (Transportpolicy, 2018). The targets of the 10th 
FYP targets were not achieved. In fact, according to the data of China Statistical Yearbooks 
(as cited by Schreifels, Fu & Wilson, 2012),  the emissions of SO2 increased 28% hand by 
hand with the economic growth of 13.3% and the growth of  64% of coal consumption. In 
addition, some already closed, inefficient power plans, were reopened to provide energy for 
the growing need.  

Although the economy and the need of electricity increased rapidly, during the 11th Five-
Year Plan, SO2 emissions decreased more than 14% by the end of 2010.  According to the 
Schreifels, Fu and Wilson (2012), the success of the 11th Five-Year Plan SO2 reduction was 
based on political commitment, technological development, and policy enforcement. The 
government organizations in different levels got greater authority to control targets, policies 
and programs.  The targets were politically binding unlike the earlier targets.  The main 
politicians showed their interest and will in meeting the targets. Achieving the targets 
became as an important achievement, which could affect the position of the local and 
regional leaders. In addition, the leaders of the major state-owned electric companies had to 
face strict requirements. Emission reports were analyzed carefully and verified by the 
central government because the quality of the provided data was poor. To ensure the credible 
data, the inspection program was established and the data was compared to the data from 
satellites and air quality models. The level of accountability for plant owners and operators 
became better but the financial cost of the program was very high.  The policy focused on 
fewer pollutants than before, which made it possible to focus efforts more efficiency to meet 
the targets. Cooperation between the different institutions was developed and facilitated. 
The energy efficiency was improved by increasing financial incentives and a number of 
cleaner technology significantly. (Schreifels, Fu, & Wilson, 2012.)  

The aim of the 12th Five-Year Plan (2011 – 2015) for National Economic and Social 
Development in 2011 was to continue to decrease emissions and save energy. To reach the 
goal, more targets for emissions were set, the efficient electric power generation was 
required, industries were asked to install more environmental protection technologies and 
the policies and programs were supposed to go on and expand. The NOx emission reduction 
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was supposed to be reached by focusing on the electric power generation and transportation 
sectors. (Schreifels, Fu, &Wilson, 2012.)  

China faced a very high air pollution levels in Northern China in 2012 and 2013. As a result, 
Chinese Government implemented a strict plan in 2013 to decrease PM2.5 levels. Many 
polluting mills, factories and smelters were closed, and a part of the polluting energy sources 
was replaced by less polluting. As a results of the plan, the average PM2.5 levels in 74 key 
cities dropped 23.6% between 2013 and 2015. Moreover, the cities in Northern China had 
more and more days when the air pollution did not across the hazardous levels. (Li & Tilt, 
2019.) 

The major objectives of 13th Five-Year plan (2016-2020) include the aim for doubling the 
GDP and per capita by the year 2020. However, the growth is planned to achieve eco-
friendly. The aim is to increase efficiency in using resources and the major pollutants will 
be reduced significantly. The days of good or excellent air quality are planned to be 
increased in cities by 76.7% to over 80% annually. The plan includes a great number of 
actions and systems, which aim to protect environment. The polluters’ responsibilities 
strengthen and the systems will involve the government, enterprises and the general public. 
The concrete implementations will include actions such as research and investments on 
cleaner technologies and equipment, development of monitoring and emission evaluation, 
and publishing blacklist of those enterprises, which fail to achieve the standards. The plan 
also includes recovering waste heat in households, increasing the use of natural gas in cities, 
prohibiting open straw burning, and regulating the heavy-polluting enterprises. (Central 
Committee of the Communist Party of China, 2016.) 

 

 

 

 

 

 

 

 

 

 

 

 



131 
 

 

3.3.7 The Air quality timeline of China 

Figure 3.3.7.1 describes the timeline of air quality in China. It takes into account the major 
issues that have had an impact on air quality, in the history of China. The figure is based on 
the literature reviews carried out in chapters 3.3.1 to 3.3.5 in this study.  

The timeline consists the trend lines of relative growth of oil and coal consumption 
compared to the year 1978. The coal and oil consumption are seen to associate to air quality 
development in China. Owning to the fact that the burning of coal in industrial and 
residential sectors, and transportation are the main contributors to PM2.5 levels. Therefore, 
they are the major causes of air pollution problems and premature deaths in China (HEI, 
2016).  

The GDP per capita grows simultaneously with the number of civil vehicles. The vehicle 
exhaust together with sunlight and other substituents existing in the air form hazardous haze 
and is therefore an important factor in air quality. The scale of the figure is logarithmic. The 
growth of both, the vehicle population and DGP per capita, has been enormous. People have 
clustered to the megacities in China increasingly. Although it has been researched that 
urbanization improves people health, air pollution undermines the positive effects of 
urbanization (Wang, 2018). Some megacities, such as Beijing, have implemented a large 
number of successful reforms to reach better air quality. Whereupon, the urbanization is not 
always straight related to poor air quality.   

The specific issues located to Figure 3.3.7.1 as single bars are seen, according to literature 
review of this study, to have a positive influence on air quality. The turning point balk of 
SO2 emissions describes the year, since the concentration levels of SO2 have decreased. It 
is placed to the year 2007 based on the studies of Li, C. et al. (2017) and Stoerk (2017). 

The lines of different air pollutants describe the decrease or increase of major air pollutant 
emissions between the years 2010 and 2017. They are based on the thorough and diverse 
study of Zheng et al. (2018) of the anthropogenic emission trends in China from 2010 to 
2017. The lack of air pollution data in the past, contradiction between the results of air 
pollution emissions and concentration levels in China, and other differences observed 
between the different studies made it impossible to make detail conclusions of the causes 
and consequences of the air pollution situation in China. However, the figure may help 
people to create better holistic understanding of air quality development in the history of 
China, and, therefore, it serves air quality education as well.          
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Figure 3.3.7.1 Air quality timeline of China between the years 1978 and 2017. The Figure 
consists of the trend lines of coal and oil consumption, GDP per capita, urbanization, vehicle 
population and the key issues, which have had a positive impact on air quality. The data of 
consumptions, urbanization and the number of vehicles is adopted from National Bureau of 
Statistics of China (2019). http://www.stats.gov.cn/english/Statisticaldata/AnnualData/, and 
the GDP per capita from World Bank (2019). https://data.worldbank.org/. The lines on the 
right side of the figure describe the changes in levels of major pollutants from the year 2010 
to 2017. The air pollutant emission estimates are adopted from the study of Zheng et al. 
(2018). The turning point balk of SO2 emissions is set to the year 2007 based to the studies 
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of Li et al. (2017) and Stoerk (2017). Abbreviations: non-methane volatile organic 
compounds (NMVOC), ammonia (NH3), nitrogen oxides (NOx), carbon monoxide (CO), 
carbonaceous speciation (BC, OC), fine particulate matter (PM10 and PM2.5) and sulfur 
dioxide (SO2).  

 

It is obvious that air pollutant emissions from the slowly rising industry, especially from the 
burning of coal and wood, without any emission control, have effected on people’s health 
already in the first part of the 20th century in China – at least locally. During the 1950s, the 
emissions of the iron industry and the backyard furnaces must have caused serious health 
damage and deterioration of the environment.  

During the proto industrialization, 1978 to 1988, 800 million farmers formed rural 
enterprises to produce basic consumer goods such as meat, other food and clothes. In this 
period, farmers’ total income grew substantially and China achieved the food security. 
(Wen, 2016.) Simultaneously, air became evidently polluted in the industrial cities, and acid 
rains became serious problem (He, Huo, & Zhang, 2002). Consequently, people started to 
complain and act against the pollution. Since the first environmental law in 1979, the 
Chinese government has responded and implemented a great number of laws, regulations, 
standards and action plans to decrease the harmful emissions.  

Despite the air pollution policy carried out in the end of the 20th century and in the beginning 
of the 2000s, the air pollution episodes and the amount of air pollution continued to increase. 
The regulations and sanctions were not strict enough to achieve the goals. The cleaner 
technology did not increase fast enough. In addition, the monitoring of air pollution was not 
adequate.   

From 1988 to 1998, during the China’s first industrial revolution, China became the world's 
largest producer and exporter of the textiles, cotton, furniture and toys. The industrial 
development was rapid in both rural and urban areas. (Wen, 2016.) The growth of GDP per 
capita, number of vehicles, coal and oil consumption were enormous as seen in Figure 
3.6.6.1, and grew even faster after 1998, during the second industrial revolution. The mass 
production of the intermediate goods, machinery and transportation continued and millions 
of Chine people were lifted up from poverty (Wen, 2016). Simultaneously, the negative 
effects of air pollution and environmental destruction increased. 

The population grew, and the increasing number of people moved to towns and cities 
forming megacities with the population over 10 million. Traffic expanded and the number 
of civil cars, the use of oil and exhaust emissions, increased rapidly. New problems emerged. 
Car exhausts and volatile organic compounds formed toxic ozone and haze, and very bad 
smog episodes, followed each other in the megacities. Human health suffered, premature 
deaths increased, visibility lowered and the quality of life worsen because of the hazardous 
levels of air pollution.  
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In addition, more and more fuel was needed for the production of the goods. The burning of 
coal in industry, in power plants, and for residential heating was found to be the most 
important contributor to ambient air pollution, especially to the concentration levels of 
PM2.5, which can be associated with the health impacts. Transportation, residential burning, 
non-coal industry and open burning were also important sources of PM2.5 particles in 2013 
in China.  (HEI, 2016.) Although, the environmental awareness of Chinese woke already 
during the last decades in 20th century, the year 2008, can be seen as a turning point on 
people’s awareness on air pollution issues. Open air pollution data and media transferred air 
quality knowledge to the public, which obviously enhanced awareness. In addition, the 
Olympic Games of 2008 had an impact on people’s understanding of air quality issues. 
Since, the public understood the knowledge of PM2.5 levels and their connection to health 
problems, and the meaning of the value of the atmosphere as the essential to maintain and 
protect human life deepened.  

After many different policies and programs were put into place to reduce air pollution, 
according to the results of many studies, the emission levels of major pollutants began to 
decrease. Especially, the decline of sulfur dioxide (SO2) emissions was significant and fast. 
It is noteworthy that the estimates of the emissions in China vary between the studies. As Li 
et al. (2018) highlight, the complexity of the technology mix and the lack of reliable local 
measurements makes estimates very challenging and carry out very high uncertainty in 
China. However, it can be cautiously estimated, according the literature investigated in this 
study that the major decline of air pollutants happened after 2013. Turning point being 
around years 2011 and 2012. On the other hand, the emissions, such as non-methane volatile 
organic compounds (NMVOCs) and ammonia (NH3) did not decrease because they were 
not taken enough into account in air pollution policy.   

According to the findings of this study, the success of previous decline of pollutants in China 
lays on strict environmental policies, which includes strict laws, regulations and standards. 
In addition, the results indicate that the government has had an ability and a will to learn 
from the mistakes of the previous five-year periods. According to Lyons (2018), the new 
regulations to control air pollution in power plants are stricter than in the US. The 
environmental management and its activities have been developed. The results of the 
implementations and the target compliance of the targets have been evaluated with the help 
of air quality models and monitoring. China has funded the atmospheric research, and the 
study, which develops the green technologies. It supports the introduction of new 
technology. The failure to achieve the targets will have consequences.  

During the last decade, China has invested on renewable energy, hydropower, natural gas 
and nuclear power. The annual average growth rates between the years 2006 and 2016 have 
been 51.5% for wind, 91.9% for solar, 10.2% for hydropower and 14.5% for nuclear power.  
Simultaneously, the average annual growth rate of coal was 2.4% and oil 5.0% (BP, 2019.)  
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According to the 13th Five-Year Plan, running from 2016 to 2020, China aims to continue 
to increase the use of hydropower, wind, photovoltaic power, solar thermal energy, biomass 
and geothermal energy. In addition, the Five-Year Plan addresses the importance of the 
building of a coastal nuclear power plant belt.  (Central Committee of the Communist Party 
of China, 2016.) However, the oil and coal consumption was around 80 percent from the 
total consumption in 2017, and the use of coal and oil increased from 2016 to 2017 (National 
Bureau of Statistics of China, 2019). The role of renewable energy sources in 2017 was only 
3.4 percent of the total energy consumption (BP, 2019).   

China still records high concentration levels of PM2.5 and PM10 pollution (Yang et al., 
2018), and new air pollution problems emerge. It is studied that Chinese cities suffer from 
multicontaminant air pollution. Most studies of the health effects of air pollution have 
focused on effects of individual contaminants. However, the air that people breathe is a mix 
of various components and the effects of different kinds of combinations have different 
effects on health. Therefore, a shift from single-contaminant to multicontaminant studies is 
needed. (Han et al., 2018.) In addition, according to the literature review of this study, the 
government should enlarge the stricter air pollution policy to the other emission regions, 
such as solvent use, off-road transport, and vehicle evaporative and to agricultural. China 
also has to take into account the long- range transport of pollution to other countries in its 
policies.  

Moreover, household pollution has not received enough interest in Chinese media or policy 
documents. People spend most of their lives indoors. In China, in 2010, nearly half of the 
households used primary solid fuels for cooking. Such fuels are especially used in cooking 
and heating in rural areas. The emissions from the traditional stoves caused by incomplete 
combustion are necessary to be studied to enhance health (Aunan, Hansen, & Wang, 2018.) 

3.4 Discussions of what air quality education can learn from the UK, the 
US and China 

This section summarizes the findings of investigated air quality history (See Chapters 3.1, 
3.2 and 3.3). It also highlights the issues and special considerations that should be taken into 
account in air quality education.  

A lot of progress has happened in the air quality policies in China, the United States and the 
United Kingdom. However, air quality is still poor in many areas, and new and more 
complex air pollution problems emerge.  

For instance, in the US, although the average levels of particulate matter PM2.5 have been 
under the national standards since 2011 (EPA, 2018h), more than 4 in 10 Americans live in 
the regions that have unhealthy levels of ozone and particle pollution (American Lung 
Association, 2019).  
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In contrast, in the United Kingdom, in 2017, all the zones met the limit value for daily mean 
concentration of PM2.5 and PM10. However, only 25 zones of 43 met the target values of 
ozone set for the protection of human health (DEFRA, 2018a). Despite China’s success in 
decreasing air pollutants, it still has to cut 40 to 70% of primary PM2.5, sulfur dioxide (SO2), 
and nitrogen oxides (NOx) emissions to attain the air quality standards (Wang et al., 2017). 

The American Lung Association (2018) brings up the worry that scientific knowledge is 
ignored. Teksoz (2011) writes about people’s ignorance on air pollution impacts in more 
common. According to air quality history, it is important that education focuses on building 
the knowledge transfer, which increases air pollution awareness of the public and especially 
of policymakers. 

Although numerous articles have been written about environmental policies and emission 
levels, there is a lack of studies that address how the air pollution knowledge is transferred 
to environmental policy, especially in China. The Chinese Government and the public have 
not had open discussions or negotiation processes. Therefore, it is difficult to study how big 
influence the public has had on decisions. We do not have an understanding of what has 
changed the behavior of politicians. (Huang, 2014.)  

To make air better for humans requires a strong and coordinated effort from policymakers. 
Air pollution policy in the United Kingdom, the United States and China has shown that 
change is possible, and it can be fast, as in China, if the policymakers are engaged with the 
policy development processes of air quality. In addition, if they are ready to follow the 
successes of implemented regulations and make changes in policy if needed.  

The American Lung Association (2019) underlines the meaning of public actions on air 
quality issues. The association asks the public to speak and step up, send messages to the 
policymakers and make changes in their way of life in order to keep air clean. The 
association expresses concern about the recent policies in the United States, which aim to 
weaken the clean air acts achieved during the last decades.  

The politicians in the United Kingdom, the United States and China faced a lot of pressure 
from the public, which, finally, at some point, led to the stricter environmental policy. 
Unfortunately, nature and air was not seen as someone’s ‘possession’, and the responsibility 
for its condition was seen after it was already seriously damaged in all countries.  

Education should find the ways to transfer the researched based air quality knowledge, and 
data measured and studied in an understandable ways to the public and policymakers. In 
addition, education should create meanings to the transferred knowledge to help people get 
rid of the ignorance of scientific knowledge and environmental destruction.  
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The following paragraphs include some key findings that should help in achieving these 
aims. They should also be considered in air quality education. The findings emerged from 
the review of air quality history.  

 

1.) Ownership and self-interest to create meaningful engagement and responsibility of 
environment 

In addition to knowledge and awareness of air quality and its impacts on the environment 
and health, people need to feel an ownership and have self-interest in air pollution issues 
before they act for better air.  

In 2008, The Embassy of the United States and further the Chinese Government opened the 
air pollution data for people, which was further passed to the wider audience, for instance, 
by social media. In addition, the document Under The Dome deepened people’s 
understanding and awareness of air pollution and its impacts – of the phenomena they have 
already experienced for decades. The ownership, which has developed by experiencing the 
impacts of air quality in own living environment and by sharing knowledge of air pollution, 
can be regarded as the key factor for actions towards cleaner air.  Still, according to the 
studies of Huang (2014), although people in Chinese cities understood the impact of air 
pollution on health and the environment, they were not able to say, which actions are 
beneficial for cleaner air. In addition, the study showed that as long as there is someone else 
to blame of the situation, and people feel that they are the victims of the situation, they are 
unlike to involve the mitigation plans. Huang (2014) concludes that the public needs time, 
resources, practice, education and even some setbacks to have meaningful engagement on 
air pollution issues.  

In the United Kingdom, air pollution lowered the quality of air for centuries. Medical 
scientists, urban reformers, journalists, artists and writers started to pay attention to the 
increased mortality in urban areas and to the social problems aggravated by the polluted air.  
The antismoke activism spread to different communities already in 19th century 
(Brimblecombe, 1999; Thorsheim, 2006).  The politicians used air pollution as a political 
tool and the industrial sector had a privileged position within the policymakers (Thorsheim, 
2006). The scientific knowledge of air pollution deepened in the beginning of the 20th 
century. Nevertheless, As well as in China, despite the public awareness and scientific 
knowledge, the lack of appropriate smoke control meant that the quality of air stayed poor, 
or got even worse as far as to the last decades of the 20th century. In London, some citizens 
believed that the fresh air was not possible to be achieved again (Thorsheim, 2006), and, 
therefore, people submitted to the situation.  

In the United States, the enormous growth of vehicle population caused a new phenomenon 
called photochemical smog, which had hazardous impacts on human health.  The public 
demanded actions for better air quality, and even the media launched their own 
investigations to find out the sources of air pollution.  Despite new knowledge and 
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understanding of air pollution in the second half of the 20th century, neither congress nor 
industries were convinced that there could be any need for national regulations for air 
pollution (Rogers, 1990). Many people and business leaders claimed that pollution has to 
be a price of the progress and economic growth. By 1970, none of the states had developed 
a full pollution control program although the impacts of air pollution were well known. 
(Rogers, 1990.) Public and media concern rose, and the demonstrations increased, which 
finally led to the policy actions such as emission standards in 1970.  

All of the cases studied indicate that people do not act until they experience the hazardous 
impacts of air pollution on health. In other words, they have a high negative ownership to 
the phenomena. Therefore the findings from the literature review of this study strengthen 
the view of Hungerford and Volt (1990), which states that people, who ‘own’ the 
environmental issue and it is somehow important to them, are more responsible of it. 
Hungerford and Volt (1990) also state that  the deep understanding of the nature of the issue, 
and human implications enhance the responsibility.  

Roth (1992) expresses the same view by highlighting that the changes in environmental 
issues require that people become aware either emotionally or cognitively about human 
impacts on nature and understand their personal responsibility in it.  

It is good to consider that people who live in countries with good ambient air quality rarely 
face the health problems caused by outdoor air quality. Therefore, it is difficult to sense any 
ownership in outdoor air quality problems. In some cases, people may experience the poor 
air quality caused by tobacco smoke, molds, dust, cooking, heating, etc.  

 

2.) Empowerment 

Hungerford and Volt (1990) state that it is important for people to feel empowerment in 
front of environmental problems. It provides them with a sense that the change is possible 
and they themselves can contribute to resolutions of important environmental issues. The 
study of Huang (2014) showed that although people in Chinese cities understood the impact 
of air pollution on health and environment, they were not able to say, which actions are 
beneficial for cleaner air. In Britain, during the smog episodes and in the United States, 
during the photochemical smog episodes in the middle of the 20th century, the public did 
not have enough knowledge of air pollution. In the United States and Britain, the public 
with the help of media and other prominent persons and organizations, tried to figure out 
the causes of the smog. They were not able to say which actions could contribute to 
achieving cleaner air. In 2008, during the green acts in Beijing Olympic Games, people were 
able to experience the benefits. According to Yang and Xu (2014), the acts influenced on 
people’s thinking of the environmental protection. Therefore, it appears that it is able to turn 
the negative ownership to positive, if people have an understanding of how their actions 
enhance and benefit in reaching better air quality.   
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3.) International responsibility and world ownership 

Despite the ownership and knowledge, this history review shows that the policymakers, the 
public, and the business sector are not always ready to act for cleaner air. Better welfare and 
profits caused by continuingly growing production, has many times seen to be more 
important than clean air. Especially in China, people’s welfare has risen very fast. It is 
noticeable that in 1990, around 66 percent of Chinese people had under 1.90 dollars to use 
per day, and in 2015, only 0.7 percent of people had the same situation (World Bank, 2019). 
The economic growth has enabled the same benefits to Chinese as Western nations have 
had already for decades. Partly the welfare is resulted from the increased production export 
to western countries. This discrepancy brings up the question of everybody’s right to equal 
opportunity for welfare all over in the world. On the other hand, everybody should have a 
right to breathe clear air. What is the international responsibility of air pollution, and should 
we talk more about the world ownership in air pollution issues?  

 

4.) Regional differences 

The approaches and solutions suitable in one region are not necessarily suitable in another. 
The air pollution sources, types and number of pollutants, climate, measurement technics, 
monitoring networks, living habits, policy, culture, population densities, natural emissions, 
energy structure, etc. differ in different regions around the world. For instance, according to 
the studies of Aunan, Hansen and Wang (2017), the traffic currently plays a smaller role in 
air pollution in China than in the US, Western Europe and Japan. Instead, the industry 
generally plays a larger role. China constitutes around twice as much PM2.5 pollution as 
the US and Western Europe does. The air in China consists of more sulfur and nitrogen 
oxides compared to the typical air pollution in developed countries. Soot, caused by the 
biomass and coal burning in homes and industry, is also more prominent in the air pollution 
mixture in many parts of China. It is noteworthy that the complexity of the technology mix 
and the lack of reliable local measurements make estimations and comparison of 
measurements very challenging in many areas. Therefore, the critical reading should also 
be considered in the curriculum of air quality education. 

It is also studied that the comparisons between the smog in China, the London smog of 1952, 
and the Los Angeles smog in the 1960s are difficult.  There are differences in measurement 
techniques, in particulate matter and in the components measured. However, according to 
the rough estimates of pollution concentration levels of SO2, even in the highest polluted 
cities in China today, the levels do not reach the levels of London at that time. The annual 
average levels of particulate pollution in China’s most polluted cities may be close to 
London in the early 1950s. The ozone levels in Los Angeles were far above the currently 
reported levels in China. (Aunan, Hansen, & Wang, 2017.) On the other hand, it is important 
to consider that the atmospheric particulates in China are complicated pollutants. They are 
formed when emissions from coal combustion, vehicular and perhaps biomass burning mix 
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in the atmosphere. Sometimes they cause regional and other times city scale phenomena 
called complex air pollution. (Fang, Chan, & Yao, 2009.) 

 

5.) Continuing economic growth versus cleaner air and healthier life 

The recent declines of major air pollutant levels in China show that China has found 
powerful keys to success in defeating the air pollution problem. China has also shown that 
change is possible to achieve effectively and fast, if wanted. However, simultaneously, the 
consumption levels of coal and oil keep rising. In addition, China aims to increase its 
economic growth. The governments around the world appear to be very optimistic in 
thinking that an economic growth can continue, and it does not influence on environmental 
condition (Aunan, Hansen, & Wang, 2017). Moreover, Aunan, Hansen and Wang (2017) 
are concerned that Chinese begin to transfer the polluting industries towards low-income 
areas of the world, as the US and Europe have done before.  

The following questions arise: How long is it possible to maintain the air quality policy that 
aims to reduce air pollution without decreasing use of energy? Are people, who have 
received the same benefits and welfare as Western nations have achieved before, willing to 
go without them? Is it possible to build the ownership of air together and take international 
responsibility of its quality?  

 

6.) Understanding of the development of social, scientific and technological processes in 
history and their present interactions 

The technological processes are driven by needs or wishes of humans. (Kurki-Suonio & 
Kurki-Suonio, 1994; Kurki-Suonio, 2011). The history shows that people have shaped our 
environment and developed a huge number of products in order to gain benefit and welfare. 
It has led to the destruction of our living environment. The knowledge of air quality has 
increased. New technology, such as taller chimneys and cleaner energy sources, have been 
produced with the help of developed science. In addition, the air pollution policy has 
developed and found its ways to impact on the condition of air. Sometimes new 
environmental problems arise, other times new inventions are successful.  

The new development of scientific knowledge is needed in order to understand the new 
phenomena emerged, such as complex air pollution in China or photochemical smog in 
United States. Still, people find new ways to gain benefit from nature. The process is 
ongoing and ever changing. Simultaneously, the social processes, such as policymaking, 
culture and public actions are involved to the development. (See Air Quality Management 
Cycle, Chapter 3.1.4).  Therefore, by understanding the development of social, scientific 
and technological processes of air quality and their interaction both in history and present, 
can make the impact that humans have on environment more visible to the educators and 
students in air quality education. It may also help in understanding ourselves in relation to 
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nature, that humans are part of the nature, and of how to make better choices. It can also 
develop the ownership and responsibility on environmental issues.  

 

7.) Holistic understanding  

According to research, the main purpose of education is to provide opportunities for learners 
to construct knowledge through their own personal experiences and interaction with the 
outside world, to shape behavior, or to make knowledge meaningful and help learners in 
organizing new information in their cognitive schemas (Agarhar, 2019). To make air cleaner 
requires all of these.   

The findings of the review indicate that educators and researchers of air quality field should 
focus, in addition to transferring knowledge and increasing awareness, on how to wake up 
people’s environmental sensitivity and ownership towards the air quality.  In addition, the 
educators should give people hope and feel of empowerment that the change is possible due 
to the activities, as it has been in a light of air pollution history.  

Considering these aspects in air quality education could enhance the development of 
people's responsibility on air pollution issues. In addition, it can help learners to become 
active citizens, who make a change. Therefore, air quality education should consider social 
and economic aspects together with air quality science aspects. Education should also 
enhance the understanding of how different sectors of air quality bridge and influence each 
other. In this study, this multi-faced vision and approach to air quality issues is called a 
holistic view of air quality. Bridging different fields requires all participants of air quality 
education to be engaged with building a holistic view of air quality.  

The literature review of air pollution history results show that the next questions are needed 
to add to the planning section of final framework (MEDF) in order to provide effective 
education for air quality: 

- How to transfer the knowledge of air quality in an understandable way to 
increase awareness of air quality of the target group? 

- How to build up participants’ ownership and self-interest to wake up personal 
responsibility on air pollution issues? 

- How to make participants feel empowerment, and understand which personal 
actions enhance cleaner air?  

- How to build bridges in understanding between the different issues affecting air 
quality?  

- How to take into account the regional differences in air quality issues? 
- How to enhance people’s understanding of how the ever-changing technological, 

scientific and social processes affect air quality? 
- How the scientific data can be made more comparable and reliable? How to 

develop critical reading skills?  
- How to enhance the faith of the public and politicians in scientific knowledge? 
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In addition, the literature review shows that the next discussions should be included in 
educational settings as well as in discussions worldwide: 

- Is it possible to continuingly increase economic growth and simultaneously 
decrease air pollutants? 

- Is there a limit, after which, the decreasing of air pollutants with the technology 
and cleaner fuel, without decreasing production of goods and energy 
consumption, comes to the end?  

- Should people and societies take and feel international responsibility (world 
ownership) of air pollution issues? 

o Has everybody equal opportunity for welfare all over the world?  
o Has everybody right to breath clean air? 

3.5 Holistic view of air quality 

The history of air pollution (Chapters from 3.1 to 3.4) shows that building a holistic view of 
air quality requires investigating the air quality phenomenon from multiple points of view. 
Social processes and issues, such as air pollution policy, welfare, health and economy, and 
technological and scientific processes and issues, are all tightly associated with each other.  
Therefore, they all should be considered in building the structure of education. Moreover, 
education should help participants to find links and interactions within and between the 
phenomena, and understanding of consequences of actions done in air quality issues.  

The holistic view of air quality by Kulmala and Järvi (See Figure 3.5.1) brings out 
causalities and connections between different factors of air quality issues. The figure 
illustrates how the various pollutants are emitted to the atmosphere from many different 
types of sources. In the atmosphere, the pollutants interact with other atmospheric 
constituents forming new compositions. The meteorological conditions have an impact on 
particle transformation and transport. The pollutant concentration levels depend on factors 
such as atmospheric conditions and interacting pollutants in the air. Indoor air pollution 
sources differ from outdoor pollutants and the concentration levels mainly depend on indoor 
conditions. Both outdoor and indoor air quality affect human health, environment, society 
and economy. (M. Kulmala, personal communication, December 17, 2019.) 

Air quality research tools, such as observations and modeling are important in providing 
information for researchers to develop air quality science and for the managers of 
environmental protection agencies to keep the public and institutions informed about air 
quality. Moreover, they provide information, for instance, of the success of implemented air 
pollution policy. Therefore, they have a significant effect on policy development and air 
quality, and help policymakers in regulating pollutant emissions and in making structural 
changes. (M. Kulmala, personal communication, December 17, 2019.) 
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Figure 3.5.1. The holistic view of air quality designed by Markku Kulmala and Leena Järvi, 
in 2019. Reprinted with permission from Kulmala and Järvi (2019).  

The following chapters will explore the topics of air quality science in more detail to help 
readers create a picture of the holistic view of air quality.  In addition, closer look on air 
quality tools, guidelines and indexes are taken.  

The last Chapter discusses the air quality policy, as it is the key factor and ultimately rules 
the level of air quality in all regions of the World (Result from Chapters 3.1 to 3.3). 

3.5.1 Air quality in science 

3.5.1.1 Definitions 

In air quality science, air is viewed as a mixture of constitutions such as gases, aerosols and 
water in different phases. It interacts with the Sun’s radiation, with the rotating surface of 
the Earth, with plants, animals and humans, and with air pollutants caused by human or 
natural activities. The properties of air change in time and space depending on interactions. 
The term air pollution is used when the concentrations of any physical, chemical and 
biological substances in the outdoor or indoor air are above their normal levels and they 
cause harm to and have measurable effects on humans and ecosystems (Lazaridis, 2011; 
WHO, 2017b; Campa & Castanas, 2007).  

The term pollution is derived from the Latin word pollutioneum, which means to make dirty 
(Singh, 2011). The substances, which may harm humans, animals, vegetation, or materials, 
are called pollutants (Campa & Castanas, 2007).  
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The sources of pollutants can be natural, such as dust, ocean spray, methane from animals, 
smoke and carbon monoxide from volcanoes and forest fires, and radioactive gases from 
the radioactive decays of the Earth's surface (Godish, Davis & Fu, 2014; El-Harbawi, 2013). 
Natural biological sources include mold, pollen, bacteria, and plant parts (Godish, Davis, & 
Fu, 2014).  

On the other hand, the pollutants can be emitted from the man-made (anthropogenic) sources 
such as smoke and soot particles from power plants, manufacturing facilities and 
incinerators, mobile sources, from agriculture and forestry sectors, from consumer 
chemicals, such as hair spray, paint, aerosol sprays, and methane from sanitary or landfills. 
Primary pollutants are emitted directly into the air from the sources and secondary pollutants 
are generated in the atmosphere. It is estimated that the air consists of thousands of different 
chemicals. (El-Harbawi, 2013.)  

Air quality depends on the air conditions and the degree of pollutants in the air, which 
surrounds us. However, not all the pollutants in the air have a direct effect on air quality. 
For instance, the rapidly increased amount of greenhouse gases, such as carbon dioxide CO2, 
which is caused by human activities, has led to the serious changes on Earth’s temperature 
causing the phenomenon called climate change (Raman et al., 2012). In addition, some 
pollutants not only have impacts on air quality, but also cause serious damage on the 
environment. For example, acid rains, caused by air pollutants, acidify surface waters and 
they have toxic effects on vegetation, fish, and other plant and animal life of a region 
exposed. They also cause discoloration and accelerate weathering of the outdoor sculptures 
and buildings and corrosion of metals, paints, textiles, and ceramics (Singh & Agrawal, 
2008; Singh, 2011; Burns et al., 2016.) Moreover, ozone, formed close to the ground 
surface, may cause an increase in vegetation damage (Menz & Seip, 2004.) and health 
problems to human.  

Godish (2005) has a wider perspective on air quality by considering the electromagnetic 
fields associated with the transmission and use of electricity, heat, environmental noise, and 
ionizing radiation as contaminants, which may also degrade air quality.  

3.5.1.2 Atmosphere 
The atmosphere is the gaseous, thin envelope that covers the Earth’s surface (Lazaridis, 
2011). The atmosphere has gone through many meteorological and geological processes 
during its history. All those processes, along with any existing life, have changed 
composition of the atmosphere. Natural short-time events, like meteoric impacts, volcanic 
eruptions, natural fires and dust storms, are phenomena that have always shaped life in the 
atmosphere. (Phalen & Phalen, 2013.) 

The gravitational force between the Earth and the atmosphere constitutions holds the 
atmosphere close to the Earth surface. The constituents of the atmosphere are known as 
atmospheric air. The atmosphere is not stable. The Earth rotates and the atmosphere rotates 
with it. The interaction between the atmosphere and the Sun’s radiation causes the 
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temperature differences between the tropics and the poles, and the rotation of the Earth 
makes the atmospheric air move.  Motions of the air masses make the atmosphere higher 
above the equator than above the poles and the density of the constitutions in upper levels 
is very small. (Lazaridis, 2011). About one millionth of the atmospheric mass lies above the 
height of 100 km. (Randall, 2012).  

The atmosphere can be divided into two parts; the region up to around 100 km height is 
called the homosphere and, above that, the heterosphere. In the homosphere, the air is well 
mixed by turbulent air motions and the composition and concentration of the passive gases 
stay nearly constant. In the heterosphere, molecular weight of constituent gases and 
compositions vary a lot (Curry & Webster, 1999). The focus in this context is on air quality 
phenomena existing in the homosphere.  

The relative concentration level of gases in the homosphere is called dry atmospheric air. 
The dry air does not contain water and aerosols (Lazaridis, 2011). In addition to the passive 
gases, the atmosphere consists of constituents, which concentration levels vary in time and 
space. The sources of such gases may be close to the Earth surface and their atmospheric 
lifetime, defined as “average time a pollutant remains in the atmosphere” (Godish, Davis 
and Fu 2014, p.463), can be shorter than the time it takes to be transported throughout the 
atmosphere, or they may sink at the surface. For instance, water vapor, ozone (O3), ammonia 
(NH3), sulphur dioxide (SO2), nitrogen dioxide (NO2), and carbon dioxide (CO2) are 
variable constituents.  (Mohanakumar, 2008.) 

In addition, increasing evidence shows that, for instance, the concentrations levels of carbon 
dioxide (CO2), nitrous oxide (NO), and methane (CH4) in the atmosphere are changing 
because of both natural and human factors (Mohanakumar, 2008).  

In addition to the dry atmospheric gases, the atmosphere contains aerosols. Aerosols are 
liquid or solid (or a combination of both) particles suspended in a gas, which is normally air 
(aerosol = aerosol particles plus gas). For instance, sea salt, smog, haze, fume, hairspray, 
paint spray, cigarette smoke, sand storms, and soot from traffic are examples of aerosols. 
The term has an analogue to the hydrosols, water particle in Greek, which means suspension 
of particles in a liquid (Kulkarni, Baron, & Willeke, 2011). When referring only to particles, 
it is clear to use the term aerosol particles or simply particles or particulate matter.  

Aerosol particles can originate from natural sources or from a variety of human activity. In 
addition, they can form in the atmosphere. (Dada, 2019.) The pollutants emit to the air either 
gas phase or particle phase (Boucher, 2015). Particles, such as wind-borne dust, sea spray, 
volcanic debris and biogenic aerosols emitted directly from the natural sources (Tomasi & 
Lupi, 2017), and particles emitted, for instance, from road transport, power production and 
residential combustion are considered primary aerosols (Paasonen et al., 2016).   

While the particles are in the air, their properties, such as size, shape, mass, density, 
morphology and chemical composition, change continuously (Godish, 2004; Lazaridis, 
2011). They go through many chemical and physical processes, which depend on the 
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properties of the particles and the atmospheric conditions. For instance, they can mix with 
gaseous compounds and other particles in the air, collide and coagulate with each other or 
condensed vapors.  Depending on humidity, the water vapor can condense on them, or the 
opposite, evaporate from them. (Pandis, 2004.) 

The particles that are formed in the atmosphere in the different kinds of nucleation processes 
are called secondary aerosols. For instance, sulfur dioxide (SO2), which forms from the 
combustion of coal, is emitted to the atmosphere in a gas phase. In the air, it reacts with the 
hydroxyl radical (OH−) producing H2SO4 vapor. The vapor condenses onto the existing 
particle surfaces in the air or combines with other vapors, such as ammonia (NH3) and 
dimethylamine (DMA), forming new particles (Behara et al., 2013; Seinfeld & Pandis, 
2016; Olenius et al., 2017). Such formation process of particles is usually referred as 
nucleation (Schobesberger, 2014).  During the past decade and so, atmospheric new particle 
formation (NPF) and growth research has been on the surface in the atmospheric science 
(Kerminen et al., 2018).   

The size of the particles grows in the air. The particles, which are large enough, as the 
primary particles dust and sea salt are, scatter solar radiation or serve as cloud condensation 
nucleus (Dal Maso et al., 2005).  Therefore, aerosol particles affect the radiative transfer of 
solar radiation in the atmosphere, and thus the climate of the Earth. Some particles, such as 
salt, cool the atmosphere by scattering sunlight, whereas particles such as black carbon have 
a warming effect on it because they absorb the sunlight, though it also shades the surface. 
Aerosol composition and properties also determine which types of clouds form and which 
kinds of effects they have on climate. (Seinfeld, 2008; Voiland, 2010.) In addition, 
especially smaller particles influences on health and affect atmospheric chemistry (Kulmala 
et al., 2012.) 

The size of the particulate matter varies from nanometers to around hundreds of micrometers 
(Pandis and Seinfeld, 2016). In the air quality context, the particle sizes are usually classified 
as PM2.5 and PM10. PM2.5, called fine particles, includes the particles, which aerodynamic 
diameters are less than 2.5 micrometers and PM10, called coarse particles, are the particles 
with the diameter 10 micrometer or less. (Lazaridis, 2012; Li et al., 2017.)  The size of the 
particle, which stays long enough in the atmosphere to affect the processes under-study, 
defines the upper limit. The concentrations of the particles in the air are usually measured 
as mass concentration µg/m3 (Godish, 2004.) or as a number concentration N/cm3.  

The atmospheric lifetime describes the average time the particle population stays in the air 
(Pandis and Seinfeld, 2016). The aerosol particles settle and deposit to surfaces by dry 
deposition or wet deposition. The properties of the gases and particles and environmental 
factors influence on deposition. In wet deposition, the rain washes out the gases and particles 
under the clouds or the particles rain out from the clouds to the surface of the Earth (Leelossy 
et al., 2014). The aerosol particle formation, growth, and deposition are illustrated in Figure 
3.5.1.2.1. 
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Figure 3.5.1.2.1. The aerosol particle formation, growth and deposition. Gases and particles 
are emitted to the atmosphere from both natural and anthropogenic sources. In the air, all 
the substances go through various chemical and physical processes under the existing 
condition of surrounding air. Emitted gases react with other vapors in the air forming 
molecular clusters. New particles form due to the subsequent growth of clusters’ size. In 
addition, vapors can condense onto the existing particles.  The sizes of the particles grow in 
time. Larger particles provide existing surfaces (Cloud Condensation Nuclei (CCN), on 
which water vapor can condense to form cloud droplets. Cloud droplets participate in cloud, 
haze, and fog formation. Particles are removed from the atmosphere through dry deposition 
or precipitation. The figure is drawn not to scale.   

 

Third, the atmosphere contains great quantities of water, which stores the Sun’s energy 
received from the surface of the Earth. (Lazaridis, 2011).  Water vapor, from 0.1% to 2% of 
the atmosphere’s mass, has an effect on the Earth’s climate and biosphere (Randall, 2012). 
Water vapor evaporates from the oceans, lakes, rivers and land surfaces to the atmosphere. 
It also gets into the atmosphere from ice by the sublimation and from the evapotranspiration 
(evaporation plus transpiration) by plants (Lazaridis, 2011). It can concentrate near the 
surface or the winds can transport it further. Water vapor can condense to liquid or ice, 
which falls down from the clouds as rain or snow. (Trenberth et al., 2007; Randall, 2012.) 
The snow and soil can store the water temporary until the water runs off to the oceans by 
the rivers and streams. Energy, salt, nutrients and minerals transports among the water. 
(Trenberth et al., 2007.) 

The divisions of the atmosphere can also be based on the temperature as illustrated in Figure 
3.5.1.2.2. The density, pressure and temperature of the atmospheric air vary with height of 
the atmosphere. (Barry, 2003). 
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Figure 3.5.1.2.2. The temperature profile of standard atmosphere with layers. The standard 
atmosphere is idealized, steady-state atmosphere for moderate solar activity (CCMC, 2019). 
Figure is adopted form Roland (2017) under a Creative Commons License. 

 

The lowest layer is the troposphere, where all the life occurs. The troposphere is about 12 
km thick. However, the temperature and density are suitable for humans to live in height 
under 8 km.  (Lazaridis, 2011.) The Troposphere interacts straight with the lower boundary 
layer. The boundary layer is right above the ocean and land surface. It interacts continuously 
with the surface by friction and heating or cooling. The meteorological conditions 
determinate the height of the layer and its diurnal variations. (Stull, 1998.) The chaotic flow 
of air, called turbulence, mixes the air in the boundary layer. The depth of the layer can vary 
from tens of meters during the nighttime to kilometers during the day. (Holtslag, 2015.) The 
most pollutants are emitted or formed in the boundary layer. Therefore, the boundary layer 
plays a significant role in dispersion of pollutants. (Hu, 2015.) 

3.5.1.3 Air pollutant transport 

The air pollution sources are mostly located near the Earth’s surface. Therefore, also the 
majority of air pollution episodes occur close to the surface. The meteorological conditions 
such as winds, temperatures, turbulence, etc., mainly determinate weather the air pollution 
mixes and transfers to the upper level of the troposphere or stays closer to the surface. Other 
factors that affect the chemical reactions in the atmosphere are the Sun’s radiation and the 
cloud cover. (Lazaradis, 2011.) 

Sometimes air pollutants are trapped close to the Earth’s surface. The ideal condition for the 
phenomena occurs usually at the nighttime, when the sky is clear, wind speeds are low and 

H (km) 
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the surface of the Earth cools down because of the lack of Sun’s heating radiation. The upper 
air gets warmer that the air below it. The air does not rise; instead, it stays close to the 
Earth’s surface as well as pollutants do. The phenomenon is called temperature inversion. 
(Lazaradis, 2011.). The temperature inversion is illustrated in Figure 3.5.1.3.1. 

 
Figure 3.5.1.3.1. Temperature inversion.  

 

The air also circulates between the stratosphere and troposphere across the tropopause, 
transporting atmospheric constituents including pollutants among it. Stratosphere and 
troposphere characteristic differ chemically, radiatively, and dynamically. (Mohanakumar, 
2008.) 

The heat of the Sun warms up the tropics more than other areas in the world, which means 
that air masses rise to the highest altitudes in the tropics. The Sun’s radiation, being the 
strongest in the stratosphere above the tropics, leads also to the higher ozone formation and 
warmer air.  The air stability is bigger in stratosphere than in the troposphere, so the air 
mixes slowly in the stratosphere. Therefore, the tropopause acts as a barrier, which does not 
let the air and pollutants so easily to move upwards. The timescale of movement across the 
tropopause is from months to the years when in the troposphere it is from hours to days. 
Mainly, the air rises up above the tropics, enters to the stratosphere, cools down and moves 
towards the poles. (Mohanakumar, 2008.)  

According to review of Stohl et al. (2003), the scientists are still heavily concerned about 
the details how the air enters from the troposphere to the stratosphere. A number of chemical 
compounds, such as long-lived chlorine-containing organic gases, are uplifted to the middle 
stratosphere because they stay rather inert in lower layers.  In the stratosphere, these 
compounds, such as chlorofluorocarbons (CFCs) which react with the UV sunlight 
liberating atomic chlorine (Cl), destroy atmospheric ozone.  (Von Clarmann, 2013.) 
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The transport occurs also in the opposite direction in different ways. In transient exchange, 
the air returns to the stratosphere after residing only a short time in the troposphere and 
therefore the air mixing is not so significant. The more impact in mixing is if the air transfers 
straight between the upper troposphere and the lower stratosphere. In addition, if it transfers 
straight form polluted atmospheric boundary layer upward into the lower stratosphere and 
back.  Depending on the geographical locations and seasonal cycles, the exchange varies 
and therefore, the exchange depth can be shallower. (Stohl et al., 2003.) 

 

 

Figure 3.5.1.3.2. The transport of air between and within the troposphere, tropopause and 
the area above it. The black line with the faded grey area describes the tropopause region. 
The blue region is the area above it and the yellow region is the lowermost stratosphere. The 
pink region is the free troposphere, and the brown region is the atmospheric boundary layer. 
Broad arrows show transport by the global‐scale circulation. Green trajectories illustrate the 
air movements.  The pressure is not to scale. The figure is adapted from Stohl et al., 2003. 
The figure is reprinted under AGU permission. 

 

Airflows carry the air masses mixed with the pollutants also in a horizontal direction. The 
horizontal transport is relatively slow near the surface, because of the slow winds, but is 
most efficient in the free troposphere where the winds are much stronger.  Therefore, the 
pollutants emitted near the surface of one region can be transported many thousands of 
kilometers to another region. The phenomenon is called long-range transport of pollutants. 
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(Significance of International Transport of Air Pollutants Committee and National Research 
Council Staff, 2010.)  

Many ground, aircraft, and satellite observations show strong evidence of the air pollution 
transport from East Asia to Korea, Japan, western areas of Canada, the US and North Pacific 
(Qu et al., 2016.). The pollutants may mix well and dilute to insignificant levels before the 
down-wind continent. On the other hand, the pollution plumes from distant sources may 
reach the downwind continent with high concentration levels. Figure 3.5.1.3.3 illustrates 
how the westerly winds transport the air masses from low-pressure area of the east coast 
Asia to North America, and onward, the industrialized based pollutants from North America 
towards Europe. The mixing of transported pollutants with other pollutants in the air of 
downwind regions may cause serious impacts on humans and the environment. (National 
Research Council Staff, 2010.) 

 

 
Figure 3.5.1.3.3. The picture illustrates long-range midlatitude pollution transport. Ground 
level H and L symbols describe high- and low-pressure systems.  The figure is adopted from 
National Research Council (2010). It is reprinted with permission from the National 
Academy of Sciences, Courtesy of the National Academies Press, Washington, D.C. 

 

The transport time of the pollutants in the atmosphere varies from days to years (Jacob, 
1999), depending on properties of the pollutants emitted, their transformation in the 
atmosphere, and the meteorological conditions (John, 2011). However, it is good to notice 
that identifying and quantifying the long-range pollution transport is very complex (National 
Research Council, 2010). The average atmospheric lifetime of the pollutants can be 
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estimated, for instance, with the one-box model, which considers both the loss of the 
molecules caused by chemical processes and the physical loss caused by the physical 
processes (Jacob, 1999). Sometimes the atmospheric lifetime of the pollutants is shorter than 
it takes them to be carried by the winds horizontally and vertically in the atmosphere 
(National Research Council, 2010). Because of meteorological conditions, such as rain, the 
particles can deposit on the surface of Earth (John, 2011). Sulfur dioxide (SO2) can be 
oxidized to sulfate and is therefore removed from the atmosphere (National Research 
Council, 2010). Alternatively, in can be taken up by aerosols and clouds.  The average 
lifetime of sulphur dioxide molecules in the troposphere is few days, and, in the stratosphere, 
where they produce sulphate aerosols, it is several weeks. (BIRA-IASB, 2011.) 

3.5.1.4 Air Pollution drivers and impacts 

One way to classify air pollution is to divide the pollutants in (a) gaseous pollutants, (b) 
toxic chemicals, (c) heavy metals, and (d) particulate matter. All of them affect air quality, 
human health and environment. (Campa & Castanas, 2008.) 

 

a) Gaseous pollutants  

The main primary gaseous pollutants released directly into the atmosphere, which affect air 
quality, are nitrogen oxide (NO), sulphur dioxide (SO2), volatile organic compounds 
(VOCs), and carbon monoxide (CO) (Gray & Finster, 1999; Campa & Castanas, 2008). 
Nitrogen dioxide (NO2) and ozone (O3), as secondary pollutants, form in reactions between 
primary pollutants and other naturally existing constituents in the air (Gray & Finster, 1999).  

Nitrogen gas (N2) forms nitrogen oxides (NOx) with the oxygen (O2) in combustion 
processes. The vehicles, combustion such as burning of fossil fuels and waste disposal and 
open burning, industrial processes such as producing minerals and refining petroleum and 
biogenic sources such as soils are the main sources of nitrogen oxides (NOx) (Gray and 
Finster, 1999). In ambient conditions, nitrogen oxide (NO) reacts rapidly in the air with the 
oxidants such as ozone, oxygen and VOCs forming NO2 (Jarvis et al., 2010). NO2 takes part 
in complex formation of the photochemical smog, which causes damage to forests and crops 
and is harmful for health (Smil, 2001).   

Fossil fuels, volcanoes, and oceans are the sources for sulphur dioxide SO2. It emits to the 
air, for instance, through the smelting of sulphur containing ores, burning of sulphur-
containing fuels, such as coal and heavy oils, and volcanic eruption. (Campa & Castanas, 
2008). Acid rains caused by SO2 emissions are considered one of the most serious 
environmental problems in the world. In addition to the damage they cause to the 
environment, SO2 emissions cause negative health effects, such as lung disorders and 
irritation of eyes, nose, and throat. (Mohajan, 2018.) 

Volatile organic compounds (VOCs) refer to wide variety of organic (carbon-containing) 
compounds in a gas phase. The definition does not include carbon monoxide (CO) and 
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carbon dioxide (CO2). Such as alkanes, alkenes, aromatic hydrocarbons, carbonyl 
compounds, alcohols, and esters are referred as VOCs. Therefore, the sources, compounds 
and behavior of the VOCs vary a lot too. In urban areas, the sources of VOCs are both 
industrial combustion processes and transportation, and vegetation. Emissions from 
highway vehicles are roughly two-thirds of the transportation-related emissions in the US. 
The biogenic emissions vary depending on temperature and incident sunlight and are much 
larger than emissions from anthropogenic sources in regional and in global scale. (EPA, 
2006.) In addition, manufacturing various products, coating industrial products such as 
furniture, ships, papers, metals, etc., adhesives, dry cleaning, producing and processing gas 
and oil, disposing of waste, and open burning are also the examples of the sources of the 
VOCs. (Gray & Finster, 1999.) 

Carbon monoxide (CO) is a colorless, odorless and poisonous gas. It forms in incomplete 
combustion and road transport. In most cities, over 90% of the carbon monoxide is emitted 
from motors (Najjar, 2011). The cigarette smoking is responsible for the greatest exposure 
to CO indoors (Singh, 2011; Balmes & Eisner, 2016).  

Ozone has a dualistic role in the atmosphere. Ninety percent of the Earth's atmospheric 
ozone is in the stratosphere, where it absorbs 99% ultraviolet radiation at less than 320 
nanometers (nm) emitted by the Sun. Unfortunately, part of the radiation still reaches the 
surface because of the lack of ozone in the stratosphere and the less efficient absorption of 
ozone in larger wavelengths.  The ultraviolet radiation has harmful impacts on plants, 
humans and animals (Godish, 2014.) In the lower atmosphere, ozone forms from the series 
of reactions involving NOx, VOCs and sunlight (Campa & Castanas, 2008).  

In polluted regions, carbon monoxide (CO) also takes part in O3 formation. The spectral 
distribution of sunlight, atmospheric mixing, meteorological conditions, temperature, 
concentrations and reactivity of precursor compounds in the air affect to the complex 
processes of the ozone formation.  (EPA, 2006). Ozone can also be downward transported 
from the stratosphere or surface transported by meteorological processes. The ground level 
ozone has harmful effects on human health and the environment. It is also the primary 
ingredient in photochemical smog. (Gray & Finster, 1999.) 

 

b) Toxic chemicals 

Pesticides and dioxins, such as chlorinated dibenzo-p-dioxins (CDDs), chlorinated 
dibenzofurans (CDFs) and dioxin-like polychlorinated biphenyls (PCBs), are toxic 
chemicals that are emitted into the air in various ways. (National Research Council, 1993.)  

Pesticides are manufactured chemicals, which are used in homes in order to kill mosquitoes, 
cockroaches, or rodents, and in schools, parks, agricultural areas, and playgrounds to destroy 
weeds. When pesticides are applied to plants or animals, also the whole environment around 
the source is affected.  The part of the chemicals goes into the air by emission and 
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volatilization and finally deposit to the soil, to the ground water and to the sediment. 
(National Research Council, 1993.)  

Dioxins are not produced intentionally, but are emitted into the air, for instance, during in-
complete combustion of wastes and in burning of coal, burning of biomass in power plants, 
from houses when cooking and heating with biomass, from vehicle exhausts, and 
uncontrolled and accidental fires (Graham et al., 2014).  

PCBs were produced since 1929 for various technical applications but were regulated 
strictly, when serious health effects became apparent in 1970s. In 2001, they were regulated 
internationally by the Stockholm convention on persistent organic pollutants. However, the 
dioxins and PCBs still exist in atmosphere, food and animals because of their slow 
breakdown and deposition from the atmosphere.  (Bruckmann et al., 2013). After the 
deposition, they enter the food chain where they bio-accumulate in to the human body, 
which means that they are stored faster than they are broken down or excreted in human 
organisms. (Campa & Castanas, 2008.) The serious toxic effects of dioxins and PCBs 
include immunotoxicity, developmental and neurodevelopmental effects, as well as changes 
in thyroid and steroid hormones and reproductive function.  (WHO, 2010b) 

 

c) Heavy metals 

Heavy metals such as lead, mercury, cadmium silver nickel, vanadium, chromium and 
manganese, are emitted into the air from combustion, wastewater discharges, and 
manufacturing facilities. They transport by air and enter water and human food supply. 
When the concentration level is high, they are toxic for people and bio-accumulate in the 
human body. (Campa & Castanas, 2008.) 

 

d) Particle matter (PM) 

There are thousands of various chemical aerosol compositions with different properties in 
the atmosphere (George et al., 2015). They can include e.g. metals, organic compounds, 
material of biologic origin, ions, reactive gases, and the particle carbon core (Campa & 
Castanas, 2008.) In addition, particles go through various complex physical and chemical 
formation processes during their atmospheric lifetime. The scientists have limits in 
understanding aerosol particles because of the complexity of the phenomena. (George et al., 
2015.)    

The particle size of the pollutants is a key factor in transportation and deposition. In addition, 
the respiratory health hazard, visibility reduction, deposition on surfaces and the effects on 
climate depend on particle sizes. (John, 2011.)  

Aerosol particles have significant impact on the emergence of environmental problems, such 
as global warming, photochemical smog, stratospheric ozone depletion and poor air quality.  
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Polluted air both indoors and outdoors cause negative health effects on people (Colbeck & 
Lazaridis, 2013.)  

It is very complex to solve problems caused by aerosols. For example, vegetation such as 
trees and forests have important role in removing pollutants from air (Nowak, 2014) and 
storing carbon dioxide (CO2) (Nowak & Heisler, 2010). The trees shading buildings may 
decrease the need of energy used in cooling (Akbari et al., 1997). For instance, Akbari et al. 
(1997) estimated that a tree planted in Los Angeles decreased the combustion of 18 kg of 
carbon in one year. On the other hand, by reducing wind speeds and lowering air mixing, 
trees can increase air pollution concentration (Nowak, 2002). Trees also emit volatile 
organic compounds (VOCs), which are precursor chemicals of harmful ozone O3 and carbon 
monoxide CO formation. (Nowak & Heisler, 2010.) Therefore, VOCs can contribute to poor 
air quality. However, because the VOC emissions are temperature dependent, and the high 
tree cover lowers the temperatures, trees can lower VOC emissions. Moreover, in rural areas 
where the nitrogen oxide emissions are low, trees can remove ozone. VOC emission rates 
also vary by species. For instance, beefwood, sweetgum, black gum, sycamore, poplar, oak, 
black locus and willow have high isoprene emission rates. (Nowak, 2002 and the references 
therein.) It is obvious that more research is needed to understand how these factors affect 
air pollution concentrations. 

Aerosols also affect hydrological cycle. In nucleation processes, water vapor collect onto 
the surface of aerosol particles forming water drops. The size of the water drops may 
continue to grow by the water vapor condensation and the drops can form larger drops 
together. Water drops, which form all the familiar visible nonprecipitating clouds, are called 
cloud droplets. Larger and heavier drops fall down as rain. (Houze, 2014.) However, the 
increase of small aerosols in the atmosphere forms smaller drops, which are not so likely to 
fall down as a rain. Therefore, the water stays longer in the atmosphere in a form of clouds, 
possibly causing the weakening of the hydrological cycle and a lack of fresh water 
(Ramanathan et al., 2001.)  

The aerosols, which deposit from the atmosphere to the surface of the Earth among the water 
or by dry deposition, also have an impact on ecosystems (Cao, 2017; Ramanthan et al., 
2001). Soil acidification caused by sulphur and nitrogen emissions impact on nutrient and 
carbon cycling and to water provision. In addition, increased ground-level ozone causes 
damages to cell membranes on plants, which influences their growth and development. It 
has serious consequences because vegetation absorbs pollutants, which thus improve air 
quality.  (UNECE, 2019b.) 

Eutrophication, “the gradual increase in the concentration of phosphorus, nitrogen, and other 
plant nutrients in an aging aquatic ecosystem such as a lake” (Encyclopedia Britannica, 
2019b), is as well mainly caused by air pollution. The overload of nutrients can cause algae 
blooms and a loss of oxygen, which further leads to the loss of life. As ecosystems are 
impacted, so is the biological diversity. The pollutants can also migrate to ground water and 
probably influence on the quality of our drinking water. (Cao, 2017; UNECE, 2019b; 
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Ramanathan et al., 2001). The illustrated water cycle in Figure 3.5.1.4.1 may help in 
understanding the effects of deposited air pollution in environment. 

 

 
Figure 3.5.1.4.1. Water cycle or hydrological cycle. Solar heat causes the evaporation of the 
water from lakes, rivers, seas and plant leaves (transpiration). In the atmosphere, the rising 
water vapor cools, condenses and precipitates back to the ground in forms of rain or snow. 
(Inglezakis et al., 2016; NOAA, 2019) Part of the water flows as surface water to the oceans 
and part penetrates into the ground and moves as underground water towards the oceans. 
(Inglezakis et al., 2016.) Plants uptake water, which again is released into the atmosphere 
by transpiration (NOAA, 2019).  Aerosols affect scattering and absorption of solar radiation 
in the atmosphere and precipitation.  Therefore, it also affects the removal of pollutants from 
the air. Moreover, they might influence the availability and quality of fresh water. 
(Ramanathan et al., 2001.) Deposited aerosols and the increased ground level ozone also 
have an impact on ecosystems, for instance, due to soil acidification and damages on plant 
leaves. (UNECE, 2019b).   

 

The high concentration levels of the different pollutant types and compositions in the air, 
and the time of exposure, have an impact on people’s health. For example, the size of the 
particle determinates whether the particle deposit to the upper respiratory tract or reaches 
the lung alveoli in human body. Therefore, the ultra-fine particles are hazardous in terms of 
mortality and cardiovascular and respiratory diseases. Besides these, many exposure factors 
such as age, nutritional status, and exposure conditions, also have an impact on the risk of 
getting a disease. People living in cities exposure more to car exhausts and the bad air quality 
conditions at work increase the exposure. (Campa & Castanas, 2008.)  
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The air pollutants can cause, for example, nausea, breathing difficulties, coughing, chest 
pain, eye, nose and throat irritation, cardiovascular diseases, and respiratory diseases, such 
as asthma and cancer (Campa & Castanas, 2008; Singh, 2011). They can cause children 
birth defects and serious development delays.  The impacts on the reduces in immune system 
activity may lead to multiple diseases. (Campa & Castanas, 2008.) The most worrying and 
striking impact of air pollution is the increase of mortality (OECD, 2016).  

3.5.1.5 Indoor air quality 

Most people think that indoor air quality is better than the one outdoors, although the latest 
studies show that pollution concentration levels in the air indoors can be many times greater 
than in outdoor air. People are not always able to sense or feel the bad air and the expensive 
indoor monitors are mainly designed for professionals, who measure the air when the 
problem is reported (Abraham & Xinrong, 2014). Although it is estimated that people spend 
approximately 90% of time indoors, indoor air has been studied much less than outdoor air. 
Therefore, there are many challenges to address in research. Unfortunately, only few 
countries in the world have set regulations to indoor air pollutants (Rivas et al., 2019). 

According to WHO (2010a), indoor air pollution at homes, at schools, at offices, or other 
building environments cause very significant damage to health globally. It is studied in a 
large literature review under a topic of indoor air quality effects on humans of  Tham (2016) 
that allergies, mucous membrane irritations, sensory irritations, lung and other cancers, 
effects on reproduction, cardiovascular diseases, asthma, tiredness, headaches and airway 
infections are associated with poor indoor air quality.  

Indoor air pollutants originate from many outdoor and indoor sources and from the various 
and heterogeneous mixers of secondary pollutants formed in indoor air (Morawska et al., 
2013). Aerosols in the air go through various physical and chemical processes, which 
transform the properties, and influence the state and concentrations of them (Hussein et al., 
2015).  For instance, when ozone, infiltrated from outdoor air, and terpenes, which emits 
from vegetation or from cleaning products and fragrances, react, the reaction can produce 
airway-irritating compounds (Carslaw, 2019).  Materials emit or absorb compounds (Rivas 
et al., 2019), they deposit onto surfaces, particles collide and adhere on each other, vapor in 
the air condenses on or volatile molecules evaporate from their surfaces, and new particles 
form in nucleation processes (Tuan & Harrison, 2019). In addition, indoor conditions, such 
as temperature and humidity, are important factors to consider in air quality issues (Hussein 
et al., 2015).    

In addition to pollutants and their sources, and to air conditions, factors such as ventilation, 
building tightness, filtration, people and their behavior, soil, customer products and 
appliances influence on indoor air quality (Hänninen & Goodman, 2019). Although people’s 
activities, such as talking, sneezing, coughing (Morawska, 2006), walking, cooking, 
cleaning and smoking, are short-time events, they increase concentration levels of pollutants 
in the air (Rivas et al., 2019). 
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Therefore, as Hussein et al. (2015) address, estimating the real-time and empirical exposure 
to air pollutants indoors is very challenging. According to the study of Jurvelin (2003), the 
sources and concentration levels vary in different indoor environments in different 
countries. Therefore, the authors pointed out that the monitoring of personal data indoors, 
in different environments, is required to estimate the exposures and in finding the significant 
sources of indoor air pollutants. 

Indoor air pollution models are used to assess human exposure and the inhaled dose of 
indoor air pollutants. For instance, Hussein et al. (2015) concern the properties, state and 
the concentration levels of the existing particles, people’s activity pattern, and human 
physiology in their model. The activity pattern considers the time the person spends in 
certain environment and the level of activity such as walking, running and sleeping, which 
have an effect on human ventilation and, therefore, on the inhaled dose. Human physiology 
consists of factors such as health, age, gender, and breathing.  

Airflows bring outdoor pollutants, such as black and organic carbon, polycyclic aromatic 
hydrocarbons (PAHs), and heavy metals indoors, for instance, through ventilation systems. 
The gases, such as nitrogen oxides (NOx), sulfur dioxide (SO2), carbon oxide (CO), volatile 
organic compounds (VOCs), and ozone (O3) gas infiltrate houses. Radon gas also infiltrates 
the buildings from the soil, which increases lung cancer. (Hänninen & Goodman, 2019). 
Especially, houses close to traffic-heavy roads, populated with diesel vehicles, have high 
concentration levels of carbon particles, soot, diesel exhaust-laden pollen and organic 
particulate matter in the air (Apte & Salvi, 2016).  

Main indoor pollutants include gaseous pollutants such as NOx, CO and O3, inorganic 
particles, such as elemental carbon (EC), carbonates, and metals, organic particles such as 
volatile organic compounds (VOCs), and polycyclic aromatic hydrocarbons (PAHs) (Rivas 
et al., 2019). Poor indoor air may also include pesticides and asbestos (EPA, 2018c).  

In addition, moisture stored within the building structures causes the growth of fungi and 
bacteria indoors. It is good to notice that the molds belong to the kingdom of fungi 
(Encyclopedia Britannica, 2019a). Spores and mycotoxins from fungi, microbial 
particulates and endotoxins of the bacteria also increase household air pollution (Apti & 
Salvi, 2016).  

Even the presence of humans affects the indoor air quality. For instance, sick people spread 
pathogens, such as bacterial and viral droplets, into the air, causing infections to others (Apte 
& Salvi, 2016). In addition, human skin lipids interact with the ozone in the air producing 
volatile products, which may cause irritation to the skin and respiratory systems. (Wisthalera 
& Weschler, 2010.) 

The indoor pollutants CO, CO2 and VOCs produce indoors by incomplete combustion when 
cooking, heating and smoking (Penney et al., 2010; WHO, 2010a). Especially, people in 
developing countries are depended on solid fuels and inefficient cook stoves, and therefore, 
especially women and children, who spend a lot of time next to stoves expose to the smoke 
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from cooking (Kurmi, Lam, & Ayres, 2012). Approximately half the world’s population use 
biomass such as wood, crop residue, animal dung cakes, and wood charcoal for cooking or 
heating. The use of biomass worsens indoor air quality due to the very high concentration 
levels of particulate matter and gaseous air pollutants. (Apte & Salvi, 2016.) Burning 
biomass releases pollutants such as carbon monoxide (CO), nitric oxides (NOx), sulfur 
dioxide (SO2), formaldehyde (HCHO), volatile organic compounds (VOC), particulate 
matter (PM) and polycyclic aromatic hydrocarbons (PAHs) (Gennaro et al., 2015). Using 
natural gas in cooking produces pollutants such as nitrogen dioxide (NO2), carbon monoxide 
(CO), and formaldehyde (HCHO), which can exacerbate health problems (Wendee, 2014).   

In addition to the heating sources, cooking temperature and types of cooking methods and 
food ingredients affect air quality (Torkmahalleh, 2012). For instance, oil used in cooking 
emits a significant amount of PAHs, and stir-frying increases the particulate matter in the 
air (Apte & Salvi, 2016). 

Tobacco smoking increases especially the concentration levels of particulate matter (PM) 
and VOCs. Other significant VOC sources are, for instance, cleaning products, outgassing 
from furniture, floor and wall coverings and other building products. Moreover, paints, 
glues, polishes, waxes, pesticides and personal care products emit VOCs (Chin et al., 2014).  

Mainstream smoke includes around 4000 constituents many of them being carcinogenic, 
such as benzene, vinyl chlorine, ethylene, oxide, and toxics such as carbon monoxide, 
ammonia, heavy metals, rare earth elements and PAHs (Rivas et al., 2019). In addition, 
substituents of cigarettes and other compounds of surrounding air form aerosol particles, 
which are transported in respiratory system and in indoor air. Aerosol particles are modified 
in various processes in the air and in respiratory system when inhaled. For instance, particle 
size may grow, which has an impact on particle retention in the respiratory system. 
(Rodgman & Perfetti, 2016.) It is good to consider that the side-stream smoke consists much 
higher level of pollution than mainstream, and some of the constituents settled to the 
surfaces may re-emit to the air later in time (Rivas et al., 2019). The strong evidence implies 
that the secondhand smoke and the thousands of other gas-phase and particle substances the 
smoke consists of, links with lung cancer, coronary heart disease, asthma and allergic 
phenomena (Balmes & Eisner, 2016; Cai & Wang, 2017).  

Various studies have also shown that burning incense, fragrance and smoke sticks, and use 
of oil lamps emit high levels of toxic compounds, such as PAHs, benzene, nitrous oxide, 
and CO to the air. Burning of candles increases the number of particulate matter in the air.  
(Apte & Salvi, and the references therein, 2016.) 

Most of the air pollution sources at night come from emissions from furniture and other 
building materials, pillows and mattresses. For instance, mattresses may have viruses, 
bacteria, fungi, and dust, and they might emit a variety of volatile organic compounds 
(VOCs). In addition, bedroom ventilation rates are sometimes lower than in other rooms. 
Therefore, it also affects air quality (Rivas et al, 2019.) 
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Cleaning activities such as vacuuming and sweeping move the dust and other particles by 
mechanical turbulence to the air, and later they may settle to the other surfaces. In addition, 
many different chemical compounds are emitted from cleaning products. Compounds such 
as terpenes, chlorine, amines and aldehydes emitted to the air may further form secondary 
organic aerosols with the infiltered outdoor ozone.  (Rivas et al., 2019.)  

In addition to homes, there are other indoor environments such as schools, offices, 
restaurants, hair salons, fitness centers and various occupational indoor environments, 
where the condition of the air is characteristic especially on that environment. Therefore, air 
in different indoor atmospheres needs to be investigated separately.  

Figure 3.5.1.5.1 illustrates some sources and pollutants indoors. 

 

 
Figure 3.5.1.5.1. The illustration of some indoor air pollution sources and source-related 
pollutants. The pollutants go through various and complex chemical and physical processes 
under the condition of surrounding air forming various types of compounds and aerosols. In 
addition, it needs to be considered that the factors such as ventilation, filtration, condition 
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of air, behavior of people etc., influence on the processes. Therefore, the ‘real-time’ air 
consists of various mix of pollutants, which monitoring and modelling are very challenging.  
Abbreviations in the figure: polycyclic aromatic hydrocarbons (PAHs), nitrogen oxide 
(NO), nitrogen dioxide (NO2), sulfur dioxide (SO2), carbon monoxide (CO), volatile organic 
compounds (VOCs), ozone (O3), and formaldehyde (HCHO).  

 

It is obvious that the indoor air quality approach needs to be interdisciplinary as well the 
ambient air is. Indoor air quality is clearly associated to the people’s actions indoors, 
conditions of surrounding indoor air, to the ventilation system or condition of the house 
envelope, outdoor air quality, materials indoors, chemicals and fuels used indoors, and to 
the presence of humans.  The character of indoor air is diverse.  

It appears that people could affect air quality by preventing the use of harmful fuels, using 
more efficient technology, for instance, in filtering the outdoor air, using more efficient 
stoves and better vacuum cleaners, and controlling their own activities, such as smoking 
indoors. However, some of these actions may need regulations and policy to change. In 
addition, people in undeveloped countries may not have other choices in their daily living.  
For instance, using biofuels may be the only option or the conditions of houses are weak, 
which may increase the leak of pollutants from outdoors to indoors. Therefore, the problem 
may need wider societal discussions locally and worldwide.  In addition, people need 
knowledge in order to understand the causes and consequences of their own actions and the 
actions of others on indoor air quality and health.    

3.5.1.6 Air pollution in cities 

The smog and haze phenomena are also related to air quality. The phenomena occur 
specially in big cities.  In 1905, Henry Antoine des Voeux, who was a member of the 
London’s Coal Smoke Abatement Society, introduced a new term smog. The new term was 
a combination of the words fog and smoke (Piazzesi, 2006.) The smoke can be defined as a 
suspension of fine solid particles in the air caused mainly by the incomplete combustion of 
a fuel and a fog is a suspension of small water droplets in the lower atmosphere (Kemp, 
1998). The term smog is widely used to describe atmospheric pollution conditions and, 
especially to characterize the degree of visibility without taking into account pollutant types, 
sources or smog-forming processes (Godish, 2004).  

Smog is produced when pollutants are trapped in the air (Grey & Finster, 1999). The 
conditions that produce smog differ a lot depending on region. In many cities, smog is 
caused by both vehicle emissions and coal combustion (Godish, 2004).  

The primary component of smog is ozone (O3), but it also contains other chemicals such as 
carbon monoxide (CO), particulate matter such as soot and dust, volatile organic compounds 
(VOCs) such as benzene, butane, and other hydrocarbons (Najjar, 2011).  
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Photochemical smog usually occurs in regions with a large number of vehicles (Godish, 
2004). The Sun heats the Earth’s surface and the air above it. Solar radiation interacts with 
the pollutants, such as NOx and reactive hydrocarbons (Godish, 2004) in the air by 
absorption or reflection. The chemical reactions with the pollutants form photochemical 
smog and ground level ozone, which are both harmful to human health in the troposphere. 
(Khodakarami & Ghobadi, 2016.) Vehicle emissions, abundant Sunlight, poor dispersion 
conditions and topographical barriers mainly cause brown and chemically complex Los 
Angeles smog.  The sulfurous smog forms when high concentrations levels of sulfur oxides 
are emitted to the air. (Godish, 2004.) 

Haze and smog are related to each other, but they differ in intensity and geography. Haze 
illustrates a rather large-scale and low-level visibility reduction caused by pollution. In some 
regions, SO2 pollutants with the conditions such as warm temperature, abundant sunlight, 
high relative humidity and reduced vertical mixing enhance the production of haze. The 
Arctic haze is mainly caused by the pollution transported from Northern Europe and Eurasia. 
The South Asian haze is thick and brown. It includes, for instance, sulfates, nitrates, organic 
compounds, carbon, and fly emitted from biomass burning and industrial emissions. The 
haze causes health effects and reductions of solar radiation, which increase low atmosphere 
heat. In addition, rainfall suppression reduces agricultural productivity. (Godish, 2004.) 

Khodakarami and Ghobadi (2016) analyzed the impacts of solar radiation and human 
activities on air quality in cities in their extensive literature survey. They state that 
especially, cities face the problem of increased pollutant concentrations because human 
activities have highly modified the city environments.  

The topography of the cities determinates weather the air masses, including pollutants, mix 
well to the surrounding air or stay stable. For instance, buildings around the streets create 
city canyons, disturbing the mixing of air in each direction and trapping the pollutants. 
(Khodakarami & Ghobadi, 2016.)  

The pollutants in canyons come from traffic, which is the major source of emissions in urban 
areas. In addition, biogenic VOC emissions from vegetation and background emissions 
influence canyon air quality.  In the air, pollutants go through various chemical and physical 
processes, which transform the condition of the air. The meteorological conditions such as 
ambient wind and solar radiation affect significantly the turbulent flow and dispersion of 
reactive pollutants. Considering the variations in meteorological conditions and the number 
of vehicles in the canyons, it is obvious that the high temporal variations exist in the level 
of canyon air quality. In addition, the vehicle fleets composition and driving habits have an 
impact on air quality. (Zhong, 2016.) 

The temperature inversion can make the situation even worse by trapping the pollutants 
close to the ground. The increased amounts of pollutants increase smog formation with the 
sunlight (Khodakarami & Ghobadi, 2016). 
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Figure 3.5.1.6.1. The air quality in the urban city canyons mostly depends on traffic 
emissions, background air pollution, meteorological conditions, solar radiation, and 
vegetation. The canyon geometry affect ventilation of the streets, and therefore air quality.  
The mixes of pollutants go through various chemical and physical processes in the canyon 
air, which transform the air quality. It is good to consider that air quality has high temporal 
variations.  

 

People’s actions in urban areas have decreased the number of plants, soils and vegetation.  
They are replaced with dry and dark materials, which conduct energy well, have a low 
radiation ratio and absorb the solar radiation. These actions lead to the increase of heat in 
the cities. In addition, these activities have reduced cooling effects such as evaporation and 
transpiration. The increase of the Sun's radiance and heat increases cooling of buildings, 
which again increases the use of energy.  The process leads to an increase in smog formation, 
which affects the comfort conditions. (Khodakarami & Ghobadi, 2016.) 

3.5.1.7 Ambient air pollution cycle  

The Figure 3.5.1.7.1 Ambient air pollution cycle aims to help learners to create a large 
picture of air pollution cycle in the atmosphere – emission sources, emissions, 
transportation, dispersion, transformation caused by physical and chemical processes, and 
deposition.  



164 
 

 

The main anthropogenic (human-made) particulate matter PM emission sources are 
contributed by traffic (combustion of fuels and particles from, for instance, tires and brake 
linings and clutch), industrial activities (combustion of oil, burning of coal, petrochemical 
emissions, etc.) and domestic fuel burning. In addition, the open burning of waste at 
individual residences, businesses, or dumpsites is a large source of particulate matter, for 
instance, in China (Wiedinmyer, Yokelson, & Gullett, 2014). Sea salt and dust are the main 
natural sources of PM (Karagulian et al., 2015.) In addition, wildfires (Liu et al., 2017) and 
biological materials from animals and plants are examples of natural sources of PM (Campa 
& Castanas, 2008). Some part of the particulate matter is emitted straight from the sources 
(primary aerosols) and some (secondary aerosols) are formed in the atmosphere.  

Vehicle transport, industrial processes and combustion of fossil and biofuels are the main 
sources of nitrogen oxides (NOx). Biogenic emissions from bacteria in soils, biomass 
burning, and lightning are the main natural sources. (Miyazaki et al., 2016.) 

Sulfur dioxide (SO2) emissions come mainly from combustion of fossil fuels, such as coal 
and oil, and metal smelting. Volcanic eruptions are the largest natural contributors to SO2. 
Oxidations of biogenic dimethyl sulfide over the oceans are also sulfur sources. It is 
important to consider that SO2 emissions contribute to particulate matter.  (Theys et al., 
2015.) 

Ammonia (NH3) affects air quality because it has an important role in particulate matter 
(PM) formation. Main sources of ammonia (NH3) are agriculture, industry and nature.  The 
agriculture is mostly associated with intensive animal farming. However, poultry housings 
are also the sources of ammonia. Plants that produce NH3-based fertilizers, oceans, and non-
agricultural soils and plants are also sources of ammonia. (Damme et al., 2018.) The 
agricultural activities and forestry also produce other nitrogen-containing compounds (NO2, 
NO, NH3, N2O), and methane and non-methane volatile organic compounds (VOC).  The 
pesticides/fungicides such as hexachlorobenzene, hexachlorcyclohexane and 
pentachlorophenol are also originated from agriculture and forestry. (DEFRA, 2018b.) 

Although the tropospheric ozone (O3) is not emitted directly into the air, it has serious 
impacts on health and therefore it is important to notify. It is created from pollutants NOx 
and volatile organic compounds (VOCs) in photochemical reactions (Campa & Castanas, 
2008). Trees, for instance, emit VOCs (Nowak & Heisler, 2010.). They are also related to 
petrol and gasoline reservoirs, fuel combustion, industry, agriculture, paints and cleansers 
(Gheorghe & Ion, 2011). 

Carbon monoxide (CO) is produced in incomplete combustion and in road transport (Najjar, 
2011).  

Non-methane volatile organic compounds (NMVOCs) refer to wide variety of chemical 
compounds with different characteristic. Therefore, their impacts on ozone formation and 
secondary aerosol formation differ a lot. Road transportation, residential combustion, 
transformation industry, fuel production and transmission, and solvent use, including glues 
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and adhesives, household products, and pesticides, are the main global sources of NMVOC 
emissions. (Huang et al., 2017.) 

Some of the indoor pollutants are transported from outdoors, for instance, through 
ventilation (Kulmala et al. 1999) influencing on indoor air quality. The indoor air is 
discussed more detailed in Chapter 3.5.1.5.   

 

 
 

Figure 3.5.1.7.1. Ambient air pollution cycle. Both gaseous pollutants and primary aerosol 
particles are emitted to air from various outdoor anthropogenic (human-made) and natural 
sources. Natural emissions such as VOCs are related to vegetation (1), PM, CO, NOx, VOCs 
and air toxics to wildfire smokes (Laumbach, 2019) (2), SO2 and ash particulates to 
volcanoes (3), sea salt to seas  and dust to deserts (4) and NOx to lightning (5).  
Anthropogenic emissions such as NOx, NH3, N2O, VOCs and pesticides/fungicides  are 
related to agriculture and forestry (6), BC, SO2 and NOx to airplane exhausts (7), PM2.5, 
BC, OC and NMVOCs to cooking and heating (8),  SO2, NOx, CO, VOCs and PM,  and 
heavy metals and black carbon to industry (9), NOx, N2O, VOCs, CO, SO2 and PM to power 
plants and vehicles (10) and NOx, VOCs, PM, dioxins to open waste burning (11). In the 
air, pollutants go through many complex chemical and physical processes, which modify 
the compositions, properties and concentration levels of pollutants (transformation). 
Particles formed in the atmosphere are called secondary aerosol particles. The processes are 
influenced by surrounding conditions of the air and the radiation of the Sun. Especially, the 
temperature inversion traps the air pollutants close to the Earth’s surface, increasing the 
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concentration levels of pollutants, which further have a negative impact on humans’ health 
and environment. When pollutants are near the surface, they may mix with other pollutants 
and with the contribution of Sun radiation, form smog and haze. Pollutants can disperse 
and/or transport vertically and horizontally, even long distances from one continent to the 
other, in the lowest layers of the atmosphere.  Later, the pollutants are removed from the 
atmosphere by dry or wet deposition. Pollutants may deposit in a form of acid rains, causing 
damage to the natural and built environments. Especially the influence on plant development 
and growth is destructive to our ecosystems and biodiversity. In addition, migration to the 
ground water spoils the quality of it.  Some of the outdoor air pollutants transport indoors 
influencing on indoor air quality (Figure 3.5.1.5.1).  

3.5.2 Air quality monitoring and modeling tools 

The integrated information from air quality monitoring and predictive models, as well as 
information from both separately, provides important knowledge of human exposure to air 
pollutants (WHO, 1999). Therefore, they both serve as the significant tools in environmental 
policy and protection.  

Monitoring air allows for the identification of pollutant emission sources, pollutants and 
their concentrations, and information of the extent of pollution. It enables assessments of air 
pollution impacts on environment, and the air quality. Therefore, it is possible to warn public 
of the poor air quality and to gain information for the air quality management. It makes it 
possible to evaluate the effectiveness of the emission control strategies and provides data 
for the air quality models. (Knox et al., 2013; Marć et al., 2015; EPA, 2018b.)  

A model is defined as “a description of a particular system expressed in mathematical terms” 
(El-Harbawi, 2013). The air quality models use mathematical formulas to simulate 
complex and nonlinear atmospheric processes such as pollutant transport, dilution and 
dispersion, over various times and scales being the only tool able to do that (Ho, 2012).   

The models aim to create predictions, solve problems, and find the best solutions for 
management of environmental problems (El-Harbawi, 2013). They also provide an 
important information for health studies and regulatory policy (Prud'homme et al., 2013). 
According to Ho (2012), models are especially important in evaluating the effectiveness of 
abatement strategies to reduce air pollution in cities.  

Modeling integrates knowledge and expertise of various fields such as mathematics, 
environmental chemistry, physics, meteorology, computer applications, oceanography and 
geology (El-Harbawi, 2013). Factors, such as meteorological conditions, land use, 
topography, boundary, and initial conditions are considered in modelling (Ho, 2012). Air 
quality dispersion models can be used to estimate air pollution concentrations (El-Harbawi, 
2013). The concentration levels are usually reported as micrograms per cubic meter 
(µg/m3), in parts per million (ppm), or parts per billion (ppb) in a volume ratio (AIR-EIA, 
n.d.). 
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Outdoors, the air pollutants are emitted into the air from various sources. They react in the 
air with other components creating new compounds and particles.  Finally, the compounds 
disperse into the surrounding air and are deposited onto the ground. The monitoring has to 
involve and take into account all these parts separately. (Lagzi et al, 2013.)  

Monitoring is a system that consists of sampling, measurements, and analysis of the 
investigated samples. The system also includes forecasting based on the results and 
reporting the results. The monitoring sites create smaller and larger regional networks to 
gather specific information of the investigated pollutants. The data is available in real-time 
or in a selected period. (Katulski et al., 2010.) It can be used in various fields, such as air 
pollution, public health, atmospheric science, nanotechnology, chemical manufacturing, 
pharmaceuticals, and medicine for different purposes (Kulkarni, Baron, & Willeke, 2011).  

Monitoring air quality requires designing, developing, deploying, and maintaining. The 
costs of monitoring lead to a limited number of stations, which are mainly located in urban 
areas. (Baralis et al., 2016.) In addition, the number of monitors in developing countries and 
in rural areas is limited, which make it difficult to estimate the health effects of air pollutants 
on people in such regions (Prud'homme et al., 2013). Therefore, it is important to carefully 
consider the needs and purposes of the monitoring. Actually, they should be the basis for 
the monitoring station design and updates (WHO, 1999).  

Measurement stations can be located on surface of the Earth or the measurements can be 
made with the remote sensing techniques, such as observations from the satellites, 
depending on the purpose (Kulkarni, Baron, & Willeke, 2011). 

The average long-term concentrations of the well-mixed gases, which have a global effect 
and a long atmospheric lifetime, such as carbon dioxide (CO2), are measured far from the 
release points of the emissions. The regional background measurements take place in 
agricultural areas and rural areas. They measure the long-term averages of the 
concentrations of the greenhouse gases but in addition, they produce information of the 
regional emissions, their variability and transport.  Some measurement stations are located 
in residential areas. They measure for example toxic and irritation materials to gain 
information of their impacts on people’s health. The measurements in urban areas, such as 
in busy roads and in industrial areas, enable estimations of local emissions and their possible 
health effects on humans. The release mass of the pollutants can also be measured on exact 
location. The measurements, which are made accurately next to the emission sources, such 
as next to exhaust pipes, are needed in regulating emissions. (Kulkarni, Baron, & Willeke, 
2011.) 

A resolution of the measurement stations varies a lot depending on the region (Xie, X., et 
al., 2017). In addition, the factors such us humidity, temperature and atmospheric pressure, 
traffic flows and people's mobility make variations to air quality in different regions, even 
in the same city (Baralis et al., 2016). Therefore, the monitoring can lead to an incorrect 
assessment of the pollution (Xie, X., et al., 2017). 
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The new mobile monitoring systems (MMS) can be installed on any mobile vehicle 
(Katulski et al., 2010). The mobile sensors measure the pollution close to the people or close 
to the producing sources in a short-time period. Usually, the locations and routes of the 
mobile measurements, such as major roads with heavy traffic and industrials sites, are pre-
designed. (Xie, X., et al., 2017.) The sensors of the mobiles measure the air pollution 
concentrations, vehicle location, speed, temperature and humidity of air at the measurement 
spot. The data can be transported to the server with the radio modem operating GSM/GPRS 
systems. (Katulski et al., 2010.) 

The components of air can be measured by collecting a sample on a substrate, such as filters, 
and by analyzing it later in the laboratory or by doing nearly real-time measurements in 
measurement locations with the variety of techniques. In the first case, the problem is that 
the chemical composition may change during the collection process and transport. 
(Kulkarni, Baron, & Willeke, 2011.) In external in situ (locally done) measurements, the 
sensors measure the sample in its undisturbed native state or the sample is brought to the 
sensor for the analyzing (Kulkarni, Baron, & Willeke, 2011).  

The most of the measurements technics of gas concentrations are based on gas interactions 
with radiation, in methods such as spectrophotometry, fluorescence, and chemiluminesence, 
or on the sample interactions with some material in gas chromatography (Lagzi et al., 2013).  

In aerosol measurements, the selected instruments and analysis approaches depend on many 
factors, such as desired aerosol property (concentration, size distribution, and composition), 
size and dynamic range, time resolution, instrument size and portability, resource 
constraints, and the accuracy and precision required (Kulkarni & Baron, 2011). 

In laboratories, the samples collected in the filters can be analyzed, for instance, by 
gravimetric, chemical, radioactive, or biological analysis, or the particles are investigated 
by the microscopy, spectroscopy and shape analysis. In situ measurements, the masses of 
the particles are measured with the vibrating surface and measurement of the change in 
resonant frequency or by the radiation scattering from the collected material. The 
instruments, such as optical particle counters, condensation particle counters, aerosol 
electrometers, various spectrometers, and electrical mobility classifiers, are used to sense, 
count, and separate sizes of the particles. (Kulkarni & Baron, 2011.) 

The remote sensing refers to the methods, which measure the acquired information with 
electromagnetic radiation without being in physical contact with the object (Martin, 2008). 
The large-scale remote sensing tools measure the air quality and weather from the ground 
or from the space (Lagzi et al., 2013). In the passive remote sensing, the tools observe either 
solar backscatter or thermal infrared emission of the atmosphere. In active remote sensing, 
the tools measure the backscattering of the light, emitted from the technical energy source. 
The tools directly measure atmospheric composition. The estimates of the composition are 
based on calculating the atmospheric composition that best reproduces the observed 
radiation. (Martin, 2008.) 
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LIDAR (Light Detection and Ranging) is a ground-based tool, which emits a beam of laser 
light at the absorption length of the investigated component up into the air and the 
measurements of the backscattering light produce information of the concentrations in 
different heights in vertical direction. The differential optical absorption spectroscopy 
(DOAS) is also based on light interaction with the atmospheric air. It is usually used to 
produce information of the air pollutants in street canyons or over the industrial areas. (Lagzi 
et al., 2013.) 

The satellite observations calculates the concentrations of the pollutants daily throughout 
the whole atmosphere at a global scale, including urban and rural areas in both developed 
and developing nations (Prud'homme et al., 2013).  The data, measured with the 
spectrophotometry method from satellites, is used, for example, to create maps of the air 
pollution concentrations as seen in Figure 3.5.2.1. The satellites, located in low-level polar 
orbits, which are equipped with LIDARs, are able to measure detailed 3D concentration 
profiles and can collect data from thousands of kilometers in few minutes. The LIDARs can 
also be installed on airplanes. (Lagzi et al., 2013.) 

 

  
 

Figure 3.5.2.1. The Observations from the satellites provide visualization of the distribution 
of the aerosols. The left side satellite image is from Western China in October 2018. The 
right side image is form the wildfires burning in Northern California and in Southern Oregon 
in August 2018. The red spots illustrate the fires. The images are adapted from the NASA 
Worldview application (https://worldview.earthdata.nasa.gov/), part of the NASA Earth 
Observing System Data and Information System (EOSDIS). 
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The dry deposition of the particles can be measured with methods such as passive sampling, 
by collecting the deposited particles over a selected period. Wet deposition can be measured 
with the chemical analysis of the sample or monitoring the rainwater acidity, pH value. 
(Lagzi et al., 2013.) 

Indoor air quality sensors usually detect and sound an alarm if smoke or carbon monoxide 
CO occurs in the indoor air. The carbon dioxide sensors basely control the ventilation of the 
interiors. The latest technological development has also brought cheaper alternatives to 
monitor the indoor air pollutants such as VOC, CO2, CO and O3 (Abraham & Xinrong, 
2014).  

3.5.3 Air quality guidelines and indexes 

WHO (the World Health Organization) has set the guidelines for both indoor and outdoor 
air quality. The guidelines act as a reference tool to help decision-makers across the world 
to set standards and goals for air quality management. Guidelines are based on the 
conclusions and evidence on health aspects of air pollution on human health. The aim is to 
protect human health all over the world. (WHO, 2016.)  

WHO has set the outdoor guidelines to classical ambient pollutants such as PM, O3, NO2, 
and SO2.  According to the Air Quality expert consultation, arranged by WHO in 2015, the 
update of guidelines in 2020 should also include the carbon monoxide (CO). (WHO, 2016.)  

It is also noticeable that carbon dioxide (CO2) emissions affect the climate, but in air quality 
context, this gas does not directly impact on health and is not therefore included in WHO 
air quality guidelines (WHO, 2014b).  

In the United States, the EPA has set National Ambient Air Quality Standards (NAAQS) 
for six common air pollutants, which are particulate matter, photochemical oxidants 
(including ozone), carbon monoxide, sulfur oxides, nitrogen oxides and lead (EPA, 2018a). 
Besides of pollutants mentioned, the European Union Air Quality Standards include the 
exposure limits to benzene, arsenic (As), cadmium (Cd), nickel (Ni) and polycyclic aromatic 
hydrocarbons (EU, 2018).  

The WHO guidelines for indoor air quality in 2014 recommend that households should use 
the best types of fuels and energy technologies that protect human health. Households 
should also recognize the importance of adequate ventilation in homes in reducing harmful 
pollutants (WHO, 2014b), because a part of the pollutants transfer from outdoors to indoors 
through natural ventilation from open windows and shutters (Apte & Salvi, 2016). 

The WHO indoor pollution guidelines in 2010, give a special concern for the concentration 
levels of benzene, carbon monoxide (CO), formaldehyde, naphthalene, polycyclic organic 
matter (POM) such as carbon, hydrogen, oxygen, nitrogen and sulfur, radon, 
trichloroethylene (TCE) and tetrachloroethylene (PCE) (WHO, 2010a).  
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Abdul–Wahab et al. (2015) made a comprehensive review of the main standards and 
guidelines of 30 different agencies around the world. They underline that there are various 
air quality indoor standards and guidelines defined all over the world by many international 
and national agencies and organizations. Their study aimed to identify main indoor 
pollutants that affect the indoor air. They summarized that carbon dioxide (CO2), carbon 
monoxide (CO), formaldehyde (HCHO), nitrogen dioxide (NO2), sulfur dioxide (SO2), total 
volatile organic compounds (TVOCs) and particulate matter PM2.5 and PM10 should be 
considered when estimating the indoor air quality. They also considered the levels of 
thermal comfort, which is associated with the levels of air temperature, velocity, and 
humidity indoors.  

Defining the air is a complex issue. The variations in air pollutant sources and emission 
concentrations, complex variations and changes in constituents and conditions, such as 
meteorological and physical conditions, in time and space make the definition very difficult.  

The air quality index (or indices AQI) indicates the degree of harm or risks of air pollution 
to people’s health (Monteiro et al., 2017). The index is a standardized summary measure, 
which is calculated from particulate and gaseous air pollutants in ambient air (Kowalska et 
al., 2009). For instance, the US Environmental Protection Agency provides daily reports of 
air quality. It provides information about how clean or unhealthy the air is for the public. It 
also warns about the possible health effects according to the calculated air quality index. 
(EPA, 2014.)   

The air quality index (AQI) usually considers O3, NOx, SO2, CO and suspended particulates 
and oxidants. The index is always related to the pollutant concentrations and the standards 
set by governmental authorities. The environmental agencies and researchers around the 
world have developed methods and made the calculations of AQI. However, there is no 
generally accepted method that suits all situations worldwide. (Monteiro et al., 2017.)  

The study of Monteiro et al. (2017) states that it is very difficult to compare the state of the 
air between different regions. For example, the air quality criteria levels vary in different 
countries. On the other hand, the characteristics in climate conditions and people’s health 
responses to air pollutants differ in different regions. Therefore, to assume the same AQI all 
over the world may not even be a realistic option.  

The air quality index is developed and the related information is provided by the experts of 
National Institute of Health and Welfare (YTV, further renamed as HSY). The index 
includes the concentration levels of sulphur dioxide (SO2), nitrogen dioxide (NO2), particles 
(PM10), fine particles (PM2.5), ozone (O3), carbon monoxide (CO), and the total reduced 
sulphur compounds (TRS). The index takes into account the resent guide values of the air 
quality (Table 3.5.3.1.). To the public, the air quality index is usually illustrated with colors 
(Table 3.5.1.2.) with the linked information, which indicate the harm the air pollution may 
cause on health and on environment. (The Finnish Meteorological Institute, 2018).  
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Table 3.5.3.1. Finnish air quality indexes. In Finland, the hourly measured concentrations 
are compared with the current air quality guidelines to provide information for people of the 
air quality and its impacts on health. The unit is a microgram per cubic meter (µg/m3). Table 
is adapted from Air Quality Index by Helsinki Region Environmental Services Authority 
HSY, 2020. Retrieved from https://www.hsy.fi/en/experts/air-protection/informing-the-
public/Pages/Air-quality- with permission.  

 
 

Table 3.5.3.2. Relation of the air quality index to health and other effects. The index color 
refers to air quality in five classes. Table is adapted from Air Quality Index by Helsinki 
Region Environmental Services Authority HSY, 2020. Retrieved from 
https://www.hsy.fi/en/experts/air-protection/informing-the-public/Pages/Air-quality- with 
permission.  

 

3.5.4 Air quality policy 

Earlier studies in chapter 3 show that the regional decline of air pollutant emissions is 
possible especially under the strict air quality policy and regulations. In addition, according 
to review of Amann, Klimont, and Wagner (2013), also the global emissions are decreasing.  

The estimations of Amann, Klimont, and Wagner (2013) show that from 1990 to 2010, air 
pollutant emissions such as sulfur dioxide (SO2) have declined, nitrogen oxides (NOx) have 

https://www.hsy.fi/en/experts/air-protection/informing-the-public/Pages/Air-quality-
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stabilized, and black carbon (BC), organic carbon (OC) and ammonia (NH3) have increased 
slightly. In addition, based on their comparison of global emission scenarios, the declining 
of pollutants keep going up to 2030 and after, if additional policy interventions are made. 
The authors state that only the limited number of global analyses have been made of air 
pollutants. The interest has been mainly on regional estimations, carbon dioxide (CO2) 
emissions and other long-lived greenhouse gases (GHGs).  

Burns et al. (2016) state that North America and Europe have made considerable progress 
in reducing SO2 and NOx emissions. In contrast, according to review of Qu et al. (2016), a 
few studies have suggested in their future predictions that both SO2 and NOx emissions are 
expected to grow remarkably to the year 2020. Especially, in India, the emissions of NOx 
and SO2 have increased (Burns et al., 2016).  

It is important to consider that the air pollutants do not only stay around the region where 
they are emitted into the air. Therefore, the reduction of the impacts of air pollution is not 
reached by regional efforts alone, but requires also the cooperative global actions and policy 
(Boucher, 2015). For instance, the acid rains gain increasing scientific interest and political 
concern (Qu et al, 2016).  

Burns et al. (2016) address that there are no international agreements to changes in 
environmental policies and in air pollution control. In addition, Amann, Klimont and 
Wagner (2013) highlight the importance of global co-operation in air quality management. 
According them, the internationally coordinated analyses of air pollutants, and solid 
understanding of past and future air pollutant emissions, are needed to enhance air quality 
management. Boucher (2015) underlines that the understanding of long-range transport and 
its impacts, and the new knowledge, should be effectively used for emission control.  In 
addition, The Lancet Commission on Pollution and Health brings up the factor of social 
justice in air quality issues. The commission recommends the overseas development 
assistance to protect poor communities from pollution and its harmful effects. (Ladrigan et 
al., 2018.) 

The studies of air quality history in Chapters 3.1 to 3.3 show that the development of air 
quality has followed a certain pattern. The factors, such as demographic composition, life-
styles, economic development, use of energy, transport, climate and agricultural policies, 
fuel prices, and the application of dedicated emission control measures, environmental 
policy, technology, structural changes of societies (Amann, Klimont, & Wagner, 2013) and 
public activity (Chapters 3.1.2,  3.3.2 and 3.3.5), have been the driving forces in the changes 
of air pollution.  

Chapters from 3.5.1 to 3.5.3 show the importance of air quality science and actions by air 
quality scientists. Air quality science provides the knowledge and tools, such as air quality 
monitoring networks and indexes for the use of policymakers and public. In addition, both 
regional and global environmental policies and other policy interventions have a dominant 
influence on emission controls, which have to be considered, for instance, when making 
future emission scenarios (Amann, Klimont, & Wagner, 2013). Therefore, the air quality 
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policy and science are tightly linked to each other, and the air quality policy fulfills the 
holistic view of air quality. 

In this context, the policy describes "a definite course or method of action selected (by 
government, institution, group or individual) from among alternatives and in the light of 
given conditions to guide and, usually, to determine present and future decisions" (Merriam-
Webster, 2018.)  

The national, regional and local governmental policies rule the development of the social 
and technological infrastructures, which may further lead to better or worse air quality. In 
effective policy, the actions are operationalized trough individual officials, field workers, 
police officers, etc., and the individual citizens accept and incorporate the policy in their 
everyday practices (Carton et al., 2015). Although the evidence is limited, the choices of the 
individual and communities are also important (Laumbach, Meng, & Kipen, 2015).  

The information gathered and studied from the air quality monitoring and modelling, the 
health and mortality statistics, economic costs,  and from environmental damages or just 
from the experience of individuals, give reasons for decision-making in air quality issues in 
all levels. Alternatively, post-policy studies, especially research-based evidence, offer the 
decision makers the opportunity to point out, which interventions have been or have not 
been beneficial on air quality in common or in the life of individuals (Omari, 2018; Slovic 
et al., 2015). Therefore, the decision-makers are able to improve the policy and make better 
decisions on the economic planning and on better implementations (Omari, 2018).  

The authors of the large multidisciplinary research by The Lancet Commission on Pollution 
and Health present six main recommendations that the governmental policy should take into 
account in protecting human health and environment in air pollution issues: 

1. Pollution prevention should be of high priority and integrated into country and city 
planning processes 

2. Planning and prioritization of pollution control processes should be secured by the 
funding and international technical support 

3. Monitoring should be invested and the evidences of pollution and its effects should 
be shared 

4. Multi-sectoral partnerships should be built for pollution control, such as 
collaboration between the different ministries and between government and industry 

5. Pollution mitigation should be integrated into planning processes for non-
communicable diseases  

6. Pollution and pollution control research should study the causal links between the 
chemical pollutants and diseases and take into account global burden.  The research 
should identify and characterize the health effects of emerging and modern forms of 
chemical pollutants and identify and map pollution exposures particularly in low-
income and middle-income countries. It should improve estimates of the economic 
costs of pollution and quantify the benefits of implemented interventions against 
pollution.  (Landrigan et al., 2018.) 
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In the large literature review of Sovic et al. (2015), the authors highlight the successful 
policies that the decision makers have developed around the world to reduce the outdoor air 
pollution.  

The selected solutions focus on traffic, which authors pointed out to be a significant polluter 
in megacities. The policy, which encourages people to use public transportation and active 
transportation, such as walking or using bicycles and restricting the use of cars, is an 
effective way of lowering vehicle emissions. The short and fast bike lines attract people to 
bike riding. The roads, which are in good condition shorter the travel times and well-planned 
public transport networks reduce the use of private cars. (Sovic et al., 2015.) 

Investments on air pollution devices, such as passive sampling and data collected by 
satellites, improve the lack of air quality data and improve technology, which further affect 
the policy development and air quality. New technology for the vehicles, fuel improvement, 
emission standards, mandatory vehicle inspections, efficient control technologies, road 
charges, which lower congestion and limitations on allowable travel distances are all the 
factors, which lower the vehicle emissions locally and therefore prove the local air quality.  
(Sovic et al., 2015.)  

The air quality management processes control the emissions from stationary industrial 
sources and the emissions from open burning of agricultural and municipal waste. The 
successful management includes the following steps: identifying the sources and priority 
pollutants, establishing monitoring and testing systems of major emissions and pollutants, 
developing a control strategy, which is under the control measures, engaging the steering 
committees on the strategy, involving the public and civil society organizations and 
implementing effective enforcements with control and timetables.  All these steps deepen 
the understanding of the effects of air pollution. (Landrigan et al., 2018; EPA, 2018d.) 

Nearly 92% of deaths related to pollution occur in low-income and middle-income 
countries.  Therefore, the decisions in air pollution issues affect also to social justice. The 
Lancet Commission on Pollution and Health highlights that the pollution control strategies 
implemented in high and middle- income countries should be exported and adapted to the 
countries of every level of income to boost the economy, increase GDP (gross domestic 
product) and to protect human health. All the developing countries should learn from the 
disasters and the harmful consequences of the industrialization and take into account the 
strategies developed, field-tested and proved cost-efficiency in high-income countries to 
avoid doing same mistakes and to curb pollution and its effects.  (Landrigan et al., 2018.) 

The household pollution is mostly associated with profound poverty and declining of 
traditional lifestyles. Poor people often live near polluting factories or downstream from 
hazardous waste sites, and women have to use traditional high-polluting fuels for cooking 
and heating at close proximity. Therefore, mostly women and children are exposed to toxic 
fumes. Providing liquefied petroleum gas and biogas, affordable electricity produced by 
non-polluting and renewable energy sources, cleaner cook stoves and heating systems for 
poor communities, reduces exposures to indoor air pollutants. In the long-term, they are also 
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economically beneficial by giving women free time to use in more economically productive 
activities and education. The Lancet Commission on Pollution and Health calls for the 
strategies such as identifying the target population, arranging target education campaigns, 
formulating strategies for switching the fuels and heating and cooking technologies, 
defining economic benefits, establishing monitoring mechanisms and reviewing, supporting 
local support local distributors and providers to reduce household exposure to air pollution. 
(Ladrigan et al., 2018.) 

The policies made by individuals also affect air quality.  People can make decisions, such 
as quitting smoking, using more public transportation (Kelly & Fussell, 2015), buying 
energy efficient equipment, keeping the engines of the vehicles in good condition, using 
environmentally safe paints and cleaning products, composting waste, reducing or 
eliminating fireplace and wood stove use, and avoiding using gas-powered lawn and garden 
equipment, etc. (EPA, 2018e). In addition, they can make decisions to avoid outdoor air 
pollution by staying indoors, especially during the high pollution days or high polluted times 
during the day, not doing physical activities alongside high-traffic roadways or near other 
pollution sources, building better air ventilation and filtering systems to one's home or using 
personal filtering facemasks to decrease exposure. (Laumbach, Meng, & Kipen, 2015.)  

However, at the same time, there may be high exposure to indoor pollutants, such as volatile 
organic compounds from consumer products and building materials, pollutants from indoor 
combustion activities, and smoke from tobacco products. To avoid and reduce air pollution, 
people need to be aware of air pollution conditions in their environment.  On the other hand, 
the outdoor air pollution measurements do not always predict the local conditions well 
enough, and wearing facemasks may cause harmful physiological effects and may not be 
suitable for filtering the pollutants emerged in the surrounding air (Laumbach, Meng, & 
Kipen, 2015.)  

It is noteworthy that each region being unique, a certain policy implemented and being 
suitable in one place, may not be implemented somewhere else. The policies must to be 
applied to each situation separately. (Sovic et al., 2015.) In addition, the emissions and costs 
are not equally distributed. For example, especially non-OECD countries, such as China and 
India, have the highest mortality caused by air pollution. Therefore, each region should tailor 
its policies to limit air pollution emissions and its consequences depending on circumstances 
of the area. (OECD, 2016.) 

As the literature reviews and studies presented show, governmental decisions and 
implementations are key elements in improving the air quality and protecting the human 
health and environment. The societies, organizations, action groups and media may 
influence on air quality through sharing the knowledge of causes, actions, or alternatives, 
campaigning and providing the effective channels for the communication. These actions 
may therefore bring people awareness and provide experiences, which may affect people's 
decision-making. According to the existing literature, direct sensory experiences play an 
important role in shaping or confirming opinions of the public in air pollution issues. For 



177 
 

 

instance, in the operation white sheets in Ghent, inhabitants hanged white sheets out of their 
windows. The blackening sheets visualized people the connection between the PM 
concentrations and the pollution in everyday living environment and what possibly could 
happen to people’s lungs.  (Carton et al., 2015.) This strengthens the idea discussed in 
Chapter 3.4, that education should build one’s ownership of air quality issues in order to 
effect change.  

Individuals may make choices, but, mostly, their choices are somehow linked to air 
pollution, which is very difficult to avoid and is controlled and regulated by governmental 
decisions. In addition, most actions and opportunities to influence air quality often depend 
on external funding or the resources granted and/or guided by political decision makers. The 
public as well as politicians and other decision makers need continue education and 
engagement to bring awareness in air quality issues (Kelly & Fussell, 2015).  

Jensen (2002) brings up four types of knowledge in environmental education, which may 
lead to the changes of students’ behavior. The first type of knowledge describes the problem 
and its effects, which develop students’ concern and awareness and awaken the willingness 
to act. The second type of knowledge processes the root causes of the problems. The third 
type of knowledge deals with the strategies, in the life of individuals or societies, which lead 
to the change. The fourth type of knowledge encourages the thinking of future visions and 
other alternatives in one’s own life, work, family and society. It also offers an information 
about the ways the other cultures deal with the environmental issues. The students’ 
motivation rises and they are able to realize their own ability to act and effect change.  
(Jensen, 2002.) 

However, the authors of the study of ‘Citizen Responses to Urban Air Pollution’ by Carton 
et al. (2015) underline that despite education and knowledge, the citizens do not necessarily 
engage in changing their behavior - purely for selfish reasons. Besides it is important to 
study the most effective ways to transfer the knowledge of air quality, it is particularly 
relevant to find out, how the knowledge is adapted and transferred to students’ everyday 
life. Therefore, it is possible to enhance the achievements for better air quality. 

Chapter 4, the empirical part of this study, describes how the experts and designing groups 
co-operate in building the educational structure that aimed to enhance students’ 
understanding of the holistic view of air quality.  
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4 Empirical study 

The empirical phase describes planning, implementation, assessment and evaluation 
processes of the Air Quality in a Changing World course (See Figure 4.1). Aims, analyzing 
methods, results and discussions are presented for each method separately. The overall 
discussions of empirical part are included to Chapters 4.6 and 4.7. 

Description of empirical part, in Chapter 4.1, follows the guideline questions of the core 
practice framework created in Chapter 2.4. It is good to notice that the answers and solutions 
were sometimes completed in a long run.  Therefore, they are not always in a chronological 
order.   

In this context, the term assessment describes the measurement of what students know and 
can do, and how well the intended outcomes were achieved. The information was gathered 
by the assessment tasks, such as exercises, tests and exam, which were designed according 
to the aims of the course. The assessments used in the course were both formative and 
summative. Especially assessments, implemented during the course (formative assessment), 
gave information about students’ performance or progress during the course. 
Simultaneously, they increased knowledge of how well the educational planning and 
implementation process, including elements such as curriculum and learning activities, 
succeeded in increasing learning. The information gathered from assesment tasks gave 
benefit to students, lectures, researcher and other planners.  

According to Preskill and Russ-Eft (2015) evaluation is a systematic process, which aim is 
to collect data regarding questions or issues about society in general, organizations and 
programs to enhance the knowledge and decision-making. The authors highlight that 
evaluated issues have to have merit, value and worth, and evaluation should be grounded on 
everyday realities and decisions.  

The meaning of evaluation process on the course was to explore and describe how well the 
planning and implementation processes had worked overall. Evaluation results were used to 
improve the later course implementations. Therefore, they enhanced the learning of 
students, lecturers and other participants. Evaluations were grounded to the need to 
understand, which kinds of elements in learning and teaching increase peoples’ 
understanding of the holistic view of air quality, and how well the designed core practice 
framework supports this aim. Evaluations consisted of various type of inquiries, which were 
targeted to all participants. In addition, evaluations gave information for this research.   

Figure 4.1 describes the main outcomes and parts of the course. It also includes aims, actions 
and actors related to the parts. The actions were conducted before, during and after the 
course. Most of the actors were in continues interaction with each other and the course was 
knitted together through various development processes. The cyclic development was 
characteristic especially in setting the outcomes, creating the contents, building the 
knowledge structures and planning the structure of the course.  
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Air quality in a Changing World course – planning and implementation process 
 

Main Outcomes 
1. Deepening understanding of the holistic view  of air quality 
2. Improving teaching and learning 
3. Providing new knowledge for the research 

Parts Background Work A Planning B Implementation C Evaluation 

Aims Identifying the problem 
or challenge, which 
needs to be affected or 
solved. 
 
Create a large picture of 
the education. 
 

Identifying specific 
learning outcomes and 
contents. 
 
Engaging lecturers to 
the process. 
 
Choosing teaching and 
learning approaches 
and actions. 
 
Planning assessment 
tasks and evaluation 
methods. 

Learning of conceptual, 
procedural and 
metacognitive 
knowledge, which could 
be used in new 
situations, in problem 
solving and creation of 
new innovations, which 
support people to 
behave clever and 
increase better air 
quality through own 
decision making and 
behavior. 

Find out, how the 
chosen approaches, 
outcomes, teaching 
and learning methods 
and actions, and other 
elements related to 
learning improved an 
understanding of air 
quality. 
 
Provide new 
information for the 
research.  

Action 
 

Creating the first 
curriculum, first context 
analyses, agreements 
of practical issues etc., 
in expert meetings. 
 
Founding the Work and 
Research Group. 
 
The Air Quality 
Education in a 
Changing World 
Workshop in Nanjing, 
China. 
 
Developing the Core 
Practice Framework for 
Course Planning. 

Cyclic  
develop-
ment 
 
1st Course template 
 
Regular Work and 
Research Group 
meetings  
 
Discussions with 
lecturers in different 
configurations 
 
Steering Group  
meetings 
 
Evening of White Wall 
Hangings 
 
2nd course template 
 
Education Planning 
Structure - meeting 

Collecting background 
information and 
assessing pre-
knowledge 
 
Pre- and post-lecture 
exercises as  weekly 
formative 
assessing tasks 
 
Weekly exercise 
sessions 
 
Lectures 
 
Feedback discussions 
immediately after the 
lecture (first evaluation) 
 
Workshopping 
(formative assessment) 
 
Course evaluations 
 
Exam (summative  
assessment) 

Assessments and 
questionnaires: 
 
Pre-knowledge and 
background 
 
Activities and other 
elements of the 
lectures  
 
Type of the tasks 
  
Cognitive process and 
knowledge dimensions 
of the tasks vs. 
students’ learning 
 
Effectiveness of the 
course: Final 
evaluations and 
comparison of the pre- 
and final questions.  

Actors Work and Research Group - continuous interaction with and within all groups 
Air Quality Steering Group  

Expert Workshop  
 Lecturers  
 Assistants 
 Students  

Figure 4.1. The process of the Air Quality in a Changing World course.  
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4.1 The process of course planning 

Chapters 4.1.1 and 4.1.2 describe how the background knowledge was created and how the 
course planning was actualized.  The guideline questions of the core practice framework 
(Chapter 2.4) are included to the description.  

4.1.1 Background  

Steering Group, Work and Research Group and the experts of the Nanjing Workshop mostly 
provided the answers to the following background questions. The discussions considered 
air quality education and course mainly in a large scale. The different designing group 
configurations are described under the question number 6.  

1. What is the problem or challenge, which needs to be affected or solved and why?  
1.1.Which message is needed to transfer and why? 

The experts in the field of atmospheric sciences addressed that poor air quality is a problem, 
which needs to be affected or solved in order to provide cleaner air for people to breathe 
and to protect environment. Especially, the focus should be in China because a large number 
of World’s population lives in China in the area of very poor air quality. (Question 1) The 
hypothesis of the experts was that increasing a general understanding of the holistic view of 
air quality with tailored and research-based education, would assist in achieving the aim. 
(Question 1.1). 

2. What knowledge and skills (main goals of the education) on a large scale are needed, 
necessary and are able to transfer? 

The large scale of needs: to whom, what knowledge and skills and in which level the air 
quality education is necessary to transfer was discussed in Expert Workshop in Nanjing. 
(See Chapter 2.5).  

A group of experts in the field of atmospheric sciences, at the University of Helsinki, who 
were also the members of the Steering Group, set the goals of the education on a large scale. 
The goals were in a form of major topics, which were in suggested order of implementation 
(See Figure 4.1.1.1). The figure aimed to create a wider, structured and holistic view of air 
quality and it helped Work and Research Group members in the course planning. The goals 
and how to achieve them were also discussed in other group configurations. The figure was 
modified during the course designing process. The latest illustration of the figure (Figure 
3.5.1) is presented in Chapter 3.5.  
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Figure 4.1.1.1. The holistic view of air quality designed by Leena Järvi and Markku 
Kulmala, in 2014. The model was used in course planning. See the modified Figure in 
Chapter 3.5.  Figure is adapted with permission from Järvi and Kulmala (2019).  

 

3. To whom, is a necessary and transferrable message most effective to transfer? 

At first, the target group of the course was left open. However, in the beginning of the 
planning, the knowledge level of possible learners was divided in three levels: basic, deeper 
and expert. Later, it was decided that the first implementation and research take place in a 
master degree programme in the University of Helsinki. It was seen that students of the 
atmospheric sciences need to have a holistic understanding of air quality to enhance the 
development in the air quality field. On the other hand, students become future experts, who 
work in key possessions in increasing other people’s understanding of air quality issues.  

4. In which context does the education take place?  
4.1.What kinds of special needs and challenges does the context set?  
4.2.What actions are necessary to take in order to answer to the needs and overcome 

these challenges?  

In addition to the multi- and interdisciplinary characteristic of the air quality field (See 
Chapter 1.1.3), the knowledge development in the field has been rapid. The historical 
development of atmospheric sciences started mainly on the 20th century (See Chapter 3), 
and the interest on atmospheric chemistry became strong and active during the 1970s 
(Wallace & Hobbs, 2006). Thus, it can be assumed that the language of the field and the 
structure of the knowledge have also modified fast, both still modifying and seeking their 
shape. Therefore, building a solid curriculum and simultaneously improving the skills in 
transferring the knowledge, in such context, require strong interaction between the 
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participants and bridging of issues between the different subject fields. This was considered 
in planning process by arranging various meetings in different configurations.  

The course consisted both general and deeper level knowledge, and it was open for all 
university students. Therefore, it was recognized that it is important to find out students’ 
pre-knowledge and/or help them in achieving the knowledge needed before attending the 
class. In addition, the different cultural backgrounds and language skills were seen to be as 
possible factors, which may effect on students’ learning. The lecturers’ backgrounds varied 
a lot as well. English was the only choice of languages to use in a course.   

The following paragraphs provide answers to the questions: 

5. What kinds of team configurations are needed to set more specific outcomes, and to 
plan, implement, evaluate and develop the education? 

6. What kind of interaction between the disciplines, experts and stakeholders contribute 
towards the achievement of the goals? 

The designing groups of the course were multicultural and they consisted of experts from 
various fields. Therefore, the groups were multidisciplinary as well. Following paragraphs 
describe the groups and their roles in course planning and implementation.  

Sixteen persons all together were involved in the course planning. In addition, the 
stakeholders, around 40 experts related to air quality issues, who participated The Air 
Quality Education in a Changing World Workshop held in Nanjing, China, had an influence 
on planning (See Chapter 2.5).  

The Figure 4.1.1.2 describes the different configurations and distribution of the participants. 
Some participants were involved in many actions in different configurations. Therefore, the 
level of interaction was very high and versatile.  

 

Different group configurations and their roles: 

 

Work and Research Group 

The group consisted of three researchers. Two of them were experienced in different subject 
areas in atmospheric sciences and in coordinating courses in continuing education. The 
researcher of this study, as a third member of the group, is experienced in science education, 
studied atmospheric sciences during the process and conducted the research.  This group 
was mainly responsible for the course planning.  

The group met regularly. Each member had an active role, and everyone was well committed 
to the process. Each member of the group had various roles in the designing process, and 
everyone was a member of the steering group. Two of the members were also lecturers on 
a course. One of them worked as a responsible teacher of the course and was strongly 
engaged in all phases in course planning, implementation and evaluation. 
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Steering Group 

The group was cross-functional, which means that it possessed different roles and skills, 
such as education, marketing and atmospheric sciences. This characteristic made it possible 
to analyze problems from variety of perspectives. The meaning of the group was to guide 
and find solutions to the specific problems. Some experts of the group created the first 
common curriculum of the course. The group meetings were regular.  

 

Lecturer Group 

Lecturers were experts from different subject areas of air quality or from the areas related 
to it. The number of experts, who were involved in planning process, was ten. Some of the 
lecturers were also members of the Steering Group. Two of them had to cancel the lecture 
under unexcitable circumstances. Lecturers’ role in process was mainly as practitioners, 
who were responsible of their own subject area. However, the building of the holistic view 
of air quality required interaction with other lecturers and with the Work and Research 
Group.  Aligning of the subjects considered in a course, required strong engagement to the 
development. In addition, lecturers’ role was as learners, who were willing to develop their 
own skills and increase their knowledge in teaching and learning.  

 

Assistant Group  

This group worked mainly with the teacher responsible for the course. She was also a 
member of The Work and Research Group. The responsible teacher guided the assistants, 
who were involved in a designing process, especially in teaching and helping the students 
in their exercises and assessing the exercises and exams. They also took part in continuous 
evaluating and developing of the exercises of the course. Their feedback and suggestions 
for the improvements were considered in the research.  

 

Experts of the Air Quality Education in a Changing World Workshop  

The Workshop took place in Nanjing, in China. The participants were mainly air quality 
experts from China and Finland. The workshop gave an information of the key elements 
needed in air quality education and in air pollution solutions. (See Chapter 2.5).  
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Figure 4.1.1.2. Different groups involved in planning of the Air Quality in a Changing 
World course. The arrows illustrate the interaction between the groups. It is good to notice 
that some participants were members of many groups.   

 

7. Who or which group educates the target group?  
7.1.Who is provided with adequate knowledge and skills on transfer?  
7.2.Who have an impact on those who can act?  

Experts of various subject areas were seen to the have the most adequate and appropriate 
knowledge and skills of the issues of their own subject area. Therefore, experts took main 
responsibility of the lecture period related to their expertise. However, other options were 
discussed. Especially there was a possibility that the education could take place in China. In 
such case, the resources such as money and time could be limited and the numbed of 
lecturers should be decreased. Therefore, there was a possibility that lecturers have to teach 
the topics that they are not so familiar with.  

The course in China did not actualize. However, due to unforeseen circumstances, some 
experts taught topics they did not plan.  

Interdisciplinary characteristic of the air quality, a main aim to develop understanding of 
the holistic view of air quality and to improve learning and teaching skills, required 
interaction with experts from different subject areas and will to learn from each other. 
Therefore, the experts’ role was both as learners and as teachers.  

The students of atmospheric sciences were seen to have an important role in acting for better 
air when they become future experts. In addition, there was a need for increasing their 
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holistic understanding in air quality issues. Therefore, they were considered the best target 
group for the course.  

The course was also open for other university students, which gave an opportunity to study, 
how the course impact on those, who do not have much pre-knowledge on air quality issues.  

8. How to take into account resources like time, money, and lecturers’ possibilities to plan 
education and teach?  

It was well understood, already in the beginning of the process that the time resources were 
limited. The work and responsibilities were shared as wisely and effectively as it was 
possible under the circumstances.  

9. How to collect the common feedback of the course and how it is handled? 

The experiences and feedback in planning were discussed in Steering Group meetings. In 
addition, the study of the course and the whole process produced research-based feedback 
for the organizer and to the participants.  

4.1.2 Planning 

After the large picture of the Air Quality in a Changing World course was defined, the Work 
and Research Group conducted various actions to create an educational structure, 
curriculum and course contents in cooperation with the lecturers. Planning began with the 
following guideline questions from the core practice framework (See Chapter 2.4). 

10. What kind of teaching philosophy and manner of approach is appropriate in this 
education? 

The researcher of this study used the studies of Lavis et al. (2003) and Spelt et al. (2009), 
wide  work of  the Committee on Developments on Science of Learning, two committees of 
The Commission on Behavioral and Social Sciences and members of the Education of the 
National Research Council (NRC) (2000), the practical research of Bressan et al. (2018),  
the Practical Teaching philosophy of Kurki-Suonio (2011) and the principles of 
Constructive Alignment by Biggs and Tang (2011), as the ground theories in planning.  The 
literature review of these studies and approaches are presented more detailed in Chapters 
2.2 and 2.3, and in Chapter 2.4 in a form of core practice framework.  

Time to use on participants’ engagement on different approaches and theories was very 
limited. Therefore, the practical teaching philosophy (Kurki-Suonio, 2011) was chosen as a 
main philosophy and a tool in building the knowledge structure of air quality i.e. ‘the holistic 
view of air quality’. Other educational knowledge studied was used in a form of questions, 
which conducted the planning process. In addition, the questionnaires were given to the 
lecturers in advance to provide knowledge of which kinds of issues are evaluated and 
important in teaching and learning process.  
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In Finland, the teachers are regarded as competent and autonomous professionals. 
Therefore, it is part of the tradition and culture that their autonomy and pedagogical freedom 
in teaching are promoted.  It appears that teachers’ autonomy enhances teachers´ work 
motivation, commitment to developing the school, and the status of the profession.  It also 
affects positively on learning outcomes. (Heikkinen, Tynjälä, & Kiviniemi, 2011, and the 
references therein.) Therefore, the lecturers were supported to use teaching methods they 
think are most suitable in achieving intended learning outcomes. However, by providing 
them collaboration, tools for planning and teaching, and support and assistance, if asked for.  

The following paragraphs provide answers to the questions:  

11. What are the more specific outcomes in knowledge and skills? 

12. What kind of content supports the achievement of the learning outcomes? 

Work and Research Group planned the first template for the lecturers to engage them in 
planning. It was also very important to the Work and Research Group to gain knowledge of 
what the experts thought that are the most important issues to learn within their own 
expertise area.  

In a template, the lecturers were asked to (1) define the learning outcomes for three levels 
of knowledge: no basic knowledge on air quality issues, having some knowledge on some 
subject fields and expert level of knowledge. The lack of suitable literature for the first and 
second level of knowledge was one challenge to overcome. Therefore, the lecturers were 
asked to (2) describe the contents with the highlights and key terms of their subject area, for 
instance, in a form of slides.  In addition, the lectures were requested to (3) share their ideas 
of motivation tasks, discussion questions, teaching and learning methods, and project works 
and exercises, which were used as assessment tasks, with the Work and Research Group. 
Furthermore, the tasks on the template were discussed personally with the lectures.  

The template and discussions with the lecturers resulted the first version of learning 
outcomes, the list of contents and the first slides of each subject area.  

Understanding of the content structure deepened over time through interaction between the 
experts and Work and Research Group, and within the Steering Group. The development 
was iterative and continuous. 

13. What are the hierarchy and the structure of knowledge under the topic?  

13.1.How has the knowledge been created and structured in history? 
13.2.What kinds of teaching and learning approaches, philosophies and processes 

support the knowledge development within the topics?  

Because of the wide variety and number of contents, only brief surveys on air quality 
history, such as discussions of the London Smog episode, were possible during the lectures.   
More history was included in later implementation.  
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The Work and Research Group used the approach of the Practical Teaching Philosophy as 
a tool in developing the knowledge structures of the lectures. (See Chapter 2.3.1.) 

The development of the knowledge structure included following actions: 

At first, the lecturers shared their ideas of their own subject area with the Work and Research 
Group in meetings. The ideas and possible improvements were discussed together.  As a 
large number of lecturers with a busy schedule were involved in planning, it was sometimes 
difficult to arrange meetings, and it also had an impact on planning overall.  

The Work and Research Group investigated the content and the structure of each subject 
area shared by the lecturers in slides.  The group restructured slides according to ladders of 
understanding presented in Chapter 2.3.1 in Figure 2.3.1.3. In addition, the group aimed to 
arrange the subject areas and lectures in the way that support the holistic understanding of 
air quality, and to ensure that the topics and contents were aligned with the curriculum 
defined by the Steering Group experts. Furthermore, the group noticed that the amount of 
content related to the time available was far too large, and suggested that lecturers should 
rethink how much content is realistic to include to one lecture. 

The Work and Research Group arranged the meeting called ‘Evening of White Wall 
Hangings’ with lecturers to increase interaction, knowledge transfer and bridging of the 
subject areas. In addition, it aimed to arise discussions about the modified lecture structures 
and practical teaching philosophy.  The modified lecture structures were illustrated to the 
lecturers with copies of their own slides. These small pieces of paper included the topics 
and the main contents of the subject area. Some of the papers included notes from the Work 
and Research Group. Other additional information and/or recommendations were on Post-
It notes. Both papers and notes were attached to the white sheets, which hung on the walls 
in new order. The aim of the sheets was to visualize the holistic view of air quality.  

Two of the lecturers took a closer look on the ladders of understanding (Figure 2.3.1.3) of 
the practical teaching philosophy, and made a view of knowledge building on their own 
subject area. These models were later shared with other lecturers. The ladders of 
understanding are described in Chapter 2.3.1., in Figure 2.3.1.3. Experts’ view on 
knowledge building under the topics Sources of Air Pollution and Remote Sensing of Air 
Quality are described in Figure 4.1.2.1. 

 



188 
 

 

 
Figure 4.1.2.1. The lecturers’ view of knowledge building under the topics of Sources of 
Air Pollution and Remote Sensing of Air Quality. The left hand side figure is created by 
Pauli Paasonen, and the right hand side by Anu-Maija Sundström, in 2015. Figures are 
adapted with the permission from Paasonen and Sundström (2019). The triangle illustrates 
the direction of the knowledge building.    

 

14. How to build a course content plan using the knowledge gained from the questions 10 
to 13? 

The Education Planning Structure Template was planned for the lecturers to provide 
knowledge and tasks for more detailed planning. In addition, the template included research 
evaluation forms. The purpose of the forms was to provide information for lecturers of the 
issues that are important in teaching and learning, and are valuable to evaluate during and 
after the course.  

The Education Planning Structure Template was presented and discussed with the lecturers 
and other participants in a meeting, which was facilitated by the responsible teacher.  

The Education Planning Structure Template aimed to guide lecturers to think the topics 
related to the questions from 15 to 18 presented below. In addition, it included tasks for the 
lecturers (See Table 4.1.2.1). The lecturers were asked to send task answers to the 
responsible teacher and to the researcher. The template also included supporting information 
for each action that lecturers needed to do before, during and after the course. 
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15. How to find out students’ needs, preconceptions, starting level in knowledge and skills, 
attitudes, cultural background, experience, age, stances, and motivation?  

15.1.What aspects do those things bring to the course?  
15.2.How are these things able to advance the knowledge transfer? 

16. What are the teaching methods, such as lecture discussions, exercises, demonstrations, 
exams and class activities that support the learning of the structured content and/or 
other intended outcomes? 

17. How to take into account resources, such as time, and teaching and learning tools? 

18. What kind of evaluation is necessary to improve teaching and learning of all the 
participants and to find out the level of knowledge transfer? 

 

Table 4.1.2.1. Summary of the Education Planning Structure Template. Seven actions 
for the lecturers and a summary of supportive knowledge provided for the lecturers. 

Actions for the lecturers Summary of supportive knowledge 

1. Define learning outcomes (knowledge, skills 
and attitude) of your lecture. 

The uses of active verbs of Bloom’s 
taxonomy (Bloom et al., 1956; Jimdo, 2019) 
in identifying/modifying outcomes more 
multifaceted were recommended.  

2. How do you expect that the new skills and 
knowledge or the changes in attitude acquired 
in your lecture will be transferred to students’ 
lives now or later? 

Students have learnt if they are able to apply 
new knowledge and skills in new situations.  

3. Find out the pre-concepts, and knowledge and 
skill level of the students. In case you find this 
useful, please write down the questions (only 
3-5) of your lecture you think will give you 
important pre information. The questions are 
carried out in Socrative -program in the 
beginning of the lecture. 

The course organizer maps out the attitudes 
and backgrounds of the students. 

Students bring their experiences, skills, 
attitudes and knowledge to the lecture. All of 
them affect their way of thinking and shapes 
their learning about the content, which is 
going to be taught. It is good to begin the 
study of new content with different kinds of 
activities or discussions that draw out what 
they know. 

4. Please prepare one pre-lecture exercise  The pre-exercises help students to get into 
the next topics. 

5. Make two post-lecture exercises of each 
lecture for the weekly homework. Please write 
in the exercise what material, in addition to the 
lecture notes, the students should use for the 
exercises.  

The meaning of the post exercises is to 
deepen the understanding and provide 
information whether the student can apply 
the acquired contents of the lecture. 
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Actions for the lecturers Summary of supportive knowledge 

6. Tell about at least one method or mixed 
method you will use on your lecture. 
Why did you choose this particular method? 

Choose the methods or mixed methods, which 
suite best and are practical to help your 
students to achieve the knowledge and skills 
they are intended to learn. 

It is also good to think if the students and 
lecturer are comfortable with the chosen 
methods.  

Using different styles in teaching make 
learning experiential and make learners 
active, energized and involved. In addition, 
they would help in making learning positive 
and encouraging. 

If possible, it is good to offer the lecture 
content in multiple ways - through visual, 
auditory and kinetic methods because it 
helps students to memorize things better.  

7. Make an exercise or practice which 
tests/evaluates the student learning in the end 
of the course.  
 
At the workshop students share their 
knowledge and discuss of the questions and 
answers. Questions for the written examination 
are selected from those questions or are based 
on the weekly exercises.  

Meaning of workshopping is to help students to 
deepen their understanding and acquire the 
needed knowledge. 

The aim of the assessment tasks is to find 
out if the knowledge and skills intended to 
learn, are transferred.  

Tasks can be implemented during, in the 
end and after the course. If possible, it is 
good to evaluate if the learned content is 
applied in students’ real life after the course. 
Assessment tasks carried out during the 
lessons give immediate feedback of 
learning transfer, and the lecturer has a 
possibility to change actions right away. 

It is extremely important that the assessment tasks (exercises, practices, exam questions etc.), 
teaching, assessment and grading scale are aligned with goals and learning outcomes.  

 

19. How and when to collect feedback and in which forms? 

19.1. Which type of method in collecting feedback is suitable for the purpose? 
19.2. How to handle the feedback collected during the course? 

 

The feedback of students’ learning was needed to provide for all participants, who were 
involved in a process, to improve learning and teaching. In addition, the feedback of 
teaching and other educational issues were necessary for the lecturers, organizer and 
researcher. The students were provided with the feedback on their learning through the 
assessed tasks during the course and in the discussions during the weekly exercise sessions. 
The feedback was also given through the re-exam exercises, which were discussed in groups 
in workshopping before the final exam. The final feedback of learning for the students was 
provided in a form of evaluated exams after the course.   
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The lecturers were provided with the feedback on their lectures immediately after the class. 
As the researcher planned and analyzed the evaluations, part of the feedback for the lecturers 
and the organizer was given gradually during the research process. Figure 4.1.2.2 illustrates 
the study of teaching and learning in a course. It includes the phases of assessment tasks and 
evaluations. 

The lecturers, who were asked to consider the main suggestions of the educational research, 
planned the assessment tasks. Assistants were in responsible of giving the feedback in 
weekly exercise sessions and responsible teacher in workshopping. Both conducted the final 
exam assessment and the grading of the course. The assistants also gave suggestions for task 
improvements.   

The research followed the ethical principles used widely in research involving human 
participants. The institute leader gave the permission for the research. The participants were 
informed of the purpose of the research, duration, procedures, and their rights to withdraw 
from the research. Data was collected and held confidentially. The researcher analyzed the 
responses of the theory guided multiple-choice and open-ended questionnaires, which were 
developed for the research. The results were shown in randomized order, and the 
participants were not identifiable.   

Research methods are described more detailed in later chapters.  

 

 
Figure 4.1.2.2. The study of teaching and learning in the Air Quality in a Changing World 
course.  
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Answers to the final questions from 20 to 23,   

20. How is all the feedback handled so that improvements can take place? 

21. What kinds of modifications are needed to improve the education? 

22. What new knowledge is suitable to share with a wider audience? 

23. How to transfer the knowledge gained to the wider audience? 

in the core practice framework are part of the results of this study. Therefore, the answers 
are included to the Chapter 4.6, 4.7 and the Chapter 5.  

4.2 The background of the students 

The background of the students participating on the course and this research are mapped in 
Table 4.2.1. 

Table 4.2.1. The background of the students in Air Quality in A Changing 
World course. 

 Number  Number 
Participants 20 Nationalities 14 

Distribution of ages 

(21 to 30) years 

(31-40) 

(41 to 50) years  

 

15 

4 

1 

Different native languages 15 

Education level: 

MSc degree 

BSc degree 

Under graduated 

university students  

 

10 

7 

3 

 

 Native English speakers 

 

1 

 

Focus on ATM Sciences 

in different levels 

Other fields focused on*   

 

12 

14 

Own estimate of the 

English language skills 

fair  

good   

very good  

excellent  

 

 

3 

3 

7 

7 

* Other fields and contents the participants were focused on in their studies were physics 
solid-state, astronomy, analytical atmospheric chemistry, chemical engineering, earth 
sciences, biology, ecology, micro and nanotechnology, physical chemistry, environmental 
physics, environmental engineering, chemistry, materials and processes and sustainable 
energetics and advanced spectroscopy in chemistry.  
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The following chapters describe the meaning and aim, data collection and analysis methods 
of each evaluation: lecture evaluations, evaluations of out of the lecture tasks and final 
evaluations separately. The results and discussions are placed right after each analysis. 
Chapter 4.6 includes the summary of the empirical part and suggestions for the course 
improvements are discussed in Chapter 4.7. 

4.3 Lecture evaluations 

Lecture evaluations include analyses of the type of actions used in the lectures and feedback 
analyses of the lectures. 

4.3.1 Lecture activities 

4.3.1.1 Aim, data collection and analysis methods 

The aim of the lecture observations was to find out the type of actions used in the lectures 
in addition to lecturing with slides.  The studies of National Research Council (2000), Revell 
and Wainwright (2009) and Bunce, Flens and Neiles (2010) highlight that active teaching 
styles lift-up students’ attention, support students’ cognitive development, and engage them 
in the learning process. Therefore, they also enhance learning.  

Lecturers were recommended to use different teaching styles and activities in lectures. 
Styles were mapped out by the lecture observations. The length of every lecture was 105 
minutes including 15 minutes break.  

Because of the changes in circumstances, the expert, who was not involved in planning 
process, taught two of the lectures. Unfortunately, the lecturer’s preparation time stayed 
short.  As well, one more lecture was taught by the substitute lecturer. However, this lecturer 
was strongly engaged to the planning process.  

One lecture turned out as an online lecture with short notice because of the strike of public 
transportation and a morning snowstorm. Under these unexcitable circumstances, students 
were not expected to attend the class and were informed of the change.  

Lecture teaching activities were divided in categories according to the observed types. 
Therefore, the approach in categorizing was inductive (Elo et al., 2014). The number and 
proportion of lectures involving different types of activities are marked in Table 4.3.1.2.1. 
Distribution that is more detailed is presented in Appendix A.  
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4.3.1.2 Results of lecture activity types 

 

Table 4.3.1.2.1. Lecture activity types.     
 
Lecture activity type 

 
∑ 

% 
n=13 

 
Number of activity types/lecture 

 
∑ 

% 
n=13 

Student-initiated class discussion 12 92 1 1 8 
Lecturer-conducted class discussion 11 85 2 3  23 
Pair discussion 7 54 3 5 38 
Small group discussion 3 23 4 3 23 
Data-analyzing with computers 1 8 5  1 8 
Online lecturing  1 8  Mean S.D. 
Other  
(activity related closely to the topic  
such as observation task) 

4 31 Number of activity types/lecture 3 1.4 

 
 
4.3.1.3 Discussions of lecture activities 

In case it is defined that a traditional classroom refers to the place where “experts pour 
knowledge into passive students, who wait like empty vessels to be filled” (Bada, 2015), the 
results of observations show that none of the lectures were completely traditional.  

The number of different types of activities in a 90-minute lecture (15 minute break after 45 
minutes), varied between one and five. The students initiated discussions in every lecture 
and in workshopping, in groups. In one lecture, the only activity type was student-initiated 
class discussion.  Therefore, the lecturer did not have a role in creating an interactive and 
active learning environment. However, according to the evaluations presented in Chapter 
4.3.2 and in Appendix C, this lecture, lecture number 10 (lectures are in randomized order), 
around seventy five percent (75%) of the students evaluated the lecture as a whole with 
grades from good to excellent (mean= 4.7, SD=0.6, n=13). The scale of the MCQs was 
Likert-type (Gliem & Gliem, 2003 and the references therein): very poor 1, poor 2, fair 3, 
good 4, very good 5, and excellent 6. 

Five students (38%) in this lecture evaluated that the level of interaction between the 
students was either very poor, poor or fair (mean=3.5, SD=1.3, n=13). However, the level 
of interaction between the lecturer and students was experienced at least with the grade good 
(mean=4.9, SD=0.9, n=13) and around seventy five percent (75%) of the students evaluated 
that the teaching methods used in the lecture at least with the grade good (mean= 4.5, 
SD=1.3, n=13).   

These responses indicate that most of the students were satisfied with the interaction 
between the student and the lecturer.  A lack of interaction between the students did not 
influence negatively on their course motivation (mean= 5.2, SD=0.9) and to the experience 
of the lecture as a whole.  
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The second most common activity type was discussion conducted by the lecturer and two 
of the lectures were focused on learning by doing in groups. In latter lectures, the discussions 
took place in groups and one activity lasted entire 90 minutes. According to the summarized 
results of the lectures in Table 4.3.2.2.1, at least 75 percent (75%) of the students 
experienced that the used teaching methods and the level of interactivity in the course were 
at least in good level.  

One lecture showed that the lecturer was able to adapt to the shifting education environment 
very fast. The lecturer changed the lesson plan quickly, and the five different activity types 
were implement during the lecture.  

Overall, these findings show that the course included various types of lecture activities and 
the lectures were mostly versatile. However, the level of student-student interaction varied 
a lot between the lectures and the most common lecture activity was discussion between the 
lecturer and student.  

The principles of the approach of Constructive Alignment (Biggs & Tang, 2011) highlight 
that instead of lecturers talking about the topic, as done in traditional teaching, the students 
should be engaged in learning by activities, which make them question, interpret and reflect. 
In addition to the current findings of the active lectures, other empirical findings such as 
students’ high motivation, which stayed high across the whole course (Appendix C, question 
no.19), and students’ experiences that their understanding improved well during the course 
(Appendix C, question 17) support the relevance of multifaceted and interactive learning 
activities. 

Interestingly, the findings also indicate that small number or lack of activities between the 
students did not influence on students’ experiences of a good lecture. However, according 
to authors of many studies (e.g. Cabrera et al., 2002; Lindblom-Ylänne, Pihlajamäki, &  
Kotkas, 2001; Hurst, Wallace, & Nixon, 2013) interaction between the students enhance the 
quality of learning in higher education. The study of Lindblom-Ylänne, Pihlajamäki and 
Kotkas (2001), which was implemented in a problem-based learning environment, indicates 
that active listening is not enough for learning. In addition, social interaction, such as 
students' personal participation in the discussions, is a fundamental element for success. 
According to the study, students need to have an opportunity to share their knowledge and 
ideas, and comment the ideas of others in a learning process. The findings of Hurst, Wallace 
and Nixon (2013) confirm these results. According to their study, social interaction 
enhances students’ learning, their skills in critical thinking and problem solving.   

A limitation of this study is that the numbers of attending students in the lectures were 
relatively small. Therefore, further investigation and experimentation into the relevance of 
lecture interaction types on students’ experiences and learning is recommended.  
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4.3.2 Lecture feedback 

4.3.2.1 Aim, data collection and analysis methods  

The fundamental goal of lectures is to enhance students’ learning (Winstanley & Bjork, 
2002). The aim of the student and lecture evaluations in this context was to find out the 
students’ and lecturers’ views and experiences of the course learning environment, 
especially to investigate, which elements in teaching supported learning.  

The evaluation method to find out students’ and lecturers’ views and experiences was an 
evaluation form, which included multiple-choice questions (MCQs).  It consisted of items, 
which were incomplete statements. Students and lecturers were asked to complete the 
statements by identifying and marking the most correct one of six completions, which 
reflected their own opinion and experience of the issue. The scale of the MCQs was Likert-
type (Gliem & Gliem, 2003 and the references therein): very poor 1, poor 2, fair 3, good 4, 
very good 5, and excellent 6. The use of Multiple Choice Questions (MCQs) method is 
generally approved and is widely used, for instance, in measuring knowledge and 
understanding, making judgments and in problem solving (Al-Rukban, 2006). Especially, it 
was useful in this context because it required less time to respond than written responses. In 
addition, after marking, the immediate feedback for the lectures of the lecture became 
possible. Both students and lecturers filled in the form immediately after the lectures. The 
students’ feedback was anonymous.   

The incomplete statements (See Table 4.3.2.2.1) were based on the basic elements of 
successful learning environments according to the literature studied (See Chapter 2.2). In 
addition, the suggested elements of Constructive Alignment of Biggs and Tang (2011) were 
considered (See Chapter 2.3.2). It is good to consider that the phrasing of the statements 
varied in lecture and student evaluation forms. However, they measured same phenomena. 
The exact statements of evaluation forms for both students and lecturers are presented in 
Appendix B.  

At first, the lectures were analyzed separately. The statistics from individual lectures are 
presented in Appendix C in randomized order for the research ethical reasons.  

Due to the number of students attending the lectures varying from 9 to 14, the data from 
lectures was summated to increase the reliability of the results. For the same reason, the 
statements were further categorized. The results of summary statistics from both individual 
lectures and summated data are presented in Table 4.3.2.2.1. The categorization and analysis 
methods of categories are presented in Chapter 4.3.2.5.  

The correlation analysis method and the calculations of Pearson’s coefficients (r) were used 
to study the strength of relationships between the different measures. The correlation matrix 
of statements of lecture MCQs are presented in Appendix E. In addition, the analyses of the 
differences between the means were carried with a nonparametric Mann-Whitney U-test. 
The significance of the results, as expressed in probability levels (p), was estimated with the 
method applicable to the data in analysis. The relationships were considered to be very weak 
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if r<0.2, weak if 0.2≤r<0.4, moderate if 0.4≤r<0.6, strong if 0.6≤r<0.8 and very strong if 
0.8≤r<1.0 (scale of Evans (1996) as cited in StatsTutor, 2014). The significance of the 
results were estimated with the confidence level of p<0.05, as almost significant, p<0.01 as 
significant, and p<0.001 as highly significant (KvantiMOTV, 2003). 

4.3.2.2 Results of summarized and individual lecture statistics 

 

Table 4.3.2.2.1. Summary statistics of 19 statements from 12 lectures. 
 Scale: very poor 1, poor 2, fair 3, good 4, very good 5, and excellent 6 
n = number of responses in one statement 
SD = standard deviation 
P = percentile 
Mdn = median 

Statistics of summarized data from                 
12 lectures                                         
(139<n<142) 

Statistics from           
Individual lectures 

(9<n<14) 

Statements Mean SD Min P 

25
% 

Mdn P 

75
% 

Max Mean 

min 
Mean 
max 

SD 
max 

1. Lecture as a whole 4.84 0.86 2 4 5 5 6 4 5.31 1.25 
2. Importance of the topic 5.23 0.74 3 5 5 6 6 4.50 5.57 0.99 
3. Lecturers’ credibility and 
effectiveness in teaching the 
subject matter 

4.87 0.96 2 4 5 6 6 3.89 5.21 1.11 

4. Difficulty level of the content 
versus my own skill and 
knowledge level 

4.32 1.07 1 4 5 5 6 3.77 4.67 1.49 

5. Structure and clarity of content 4.80 0.93 2 4 5 5 6 3.67 5.07 0.98 
6. Usefulness of pre-exercises 4.59 1.10 2 4 5 6 6 3.67 5.08 1.26 
7. Suitability of teaching and 
learning tools (Power points, 
multimedia, demonstrations, 
blackboard…) 

4.94 1.01 1 4 5 6 6 4.11 5.22 1.62 

8. Lecturer took into account the 
students’ background: language 
skills, experience and knowledge 
level 

4.65 1.04 2 4 5 5 6 3.89 5.44 1.37 

9. Teaching method or methods 
(lecturing, group discussions, 
activation questions, 
demonstration) used in the lecture  

4.84 1.07 1 4 5 6 6 3.44 5.36 1.37 

10. Content was presented at an 
appropriate pace 

4.79 1.05 1 4 5 6 6 3.67 5.31 1.37 

11. Explaining and construction of 
concepts  

4.87 0.88 2 4 5 6 6 4.13 5.33 1.08 

12. Application of the new 
information to different problems 
and environments during the 
lecture  

4.70 0.95 1 4 5 5 6 3.89 5.11 1.37 

13. Lecturer’s interest in the 
students’ learning 

5.01 0.96 1 4 5 6 6 3.78 5.67 1.3 
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 Scale: very poor 1, poor 2, fair 3, good 4, very good 5, and excellent 6 
n = number of responses in one statement 
SD = standard deviation 
P = percentile 
Mdn = median 

Statistics of summarized data from                 
12 lectures                                         
(139<n<142) 

Statistics from           
Individual lectures 

(9<n<14) 

Statements Mean SD Min P 

25
% 

Mdn P 

75
% 

Max Mean 

min 
Mean 
max 

SD 
max 

14. Interaction between the 
teacher and students  

4.94 1.01 1 4 5 6 6 3.78 5.31 1.47 

15. Interaction between students  4.44 1.30 1 4 5 5 6 3.00 5.29 1.71 
16. Atmosphere of the learning 
environment  

4.94 0.98 1 4 5 6 6 3.89 5.43 1.52 

17. Improvement in my knowledge 
and in skills 

4.58 1.03 1 4 5 5 6 3.78 5.11 1.4 

18. Understanding of when, why 
and where my new skills and 
knowledge could be used  

4.73 1.08 1 4 5 6 6 4.11 5.22 1.59 

19. Motivation for the course right 
now  

5.11 1.00 1 5 5 6 6 4.11 5.50 1.5 

 

Most of the statement responses (percentile rank (25%) includes to the option 4 or 5) were 
either good (4), very good (5) or excellent (6). The low standard deviations and differences 
between mean and median values in summarized data in each statement indicate that the 
data points tend to be very close to the mean.  

The highest difference (Mdn-M=0.68, SD=1.07, n=142) between the values of median and 
mean was in statement number 4: Difficulty level of the content versus my own skill and 
knowledge level was.  According to the calculations from individual data points, eighteen 
percent (18%)  of responses indicate that the difficulty level of the content versus students’ 
own skills and knowledge did not correspond (options very poor, poor or fair), which means 
that according to responder, the content of the lecture was too easy or too difficult. However, 
forty-four (44%) percent of responses indicated that they corresponded at least very well 
(options very good and excellent), which means that the content of the lecture was at an 
appropriate level of difficulty.   

The second highest difference was in statement number 15, interaction between students 
was. According to the individual data points (Mdn-M=0.56, SD=1.30, n=140), twenty-one 
(21%) percent of the responses was included to the options very poor, poor and fair. Fifty-
five percent (55%) were included in the options very good or excellent. All other differences 
between the medians and means were so small that the values of median and rounded mean 
belonged to the same option of the statement.  
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However, the analyzing results from individual lectures, although the low standard 
deviations and differences between the means and medians, showed that the highest data 
points of means accumulated over three lectures and the lowest over one. The question then 
arose as to how the lecturer’s experience in teaching affects the students' personal 
experience of the lecture. The Pearson’s coefficients were therefore calculated between the 
lectures professional experience in years, in a scale 1: 0 to 5 years, 2: 5 to 10 years and 3: 
over ten years, and individual statement responses. All the results indicated weak 
relationships. The highest value was calculated between the statement number 7 and 
expertise (coefficient r=0.258, n=142, p=0.0019, 2-tailed) – showing that the relationship 
between every statement and lecturers’ experience was weak. Therefore, the observations 
made from the analysis refer to randomness.  

4.3.2.3 Results of statement relationships 

The correlation analysis method and the calculations of Pearson’s coefficients were used to 
study the strength of the relationships between the statements in lecture feedback (Appendix 
E). In addition, the significance of relationships, as expressed in probability levels p (t-
distribution), was estimated with the one-tail test. Thirty one percent (31%) of coefficients 
reflected strong positive relationships (0.6 ≤ r < 0.79).  The coefficients of five statement 
pairs were between the 0.7 and 0.79. (See Table 4.3.2.3.1). 

 

Table 4.3.2.3.1. The five highest Pearson’s coefficients between the statements in the 
student lecture evaluations. All five relationships were estimated to be significant, the 
probability level p <0.001. The correlation matrix of statements of lecture MCQs is 
presented in Appendix E and all statements in Table 4.3.2.2.1. 
Statement pair Pearson’s coefficient r           

(number of observations n, 
p- value) 

13. Lecturer’s interest in the students’ learning  
14. Interaction between the teacher and students  

0.772 (n=142, p<0.001) 
 

9.Teaching method or methods (lecturing, group discussions, activation questions, 
demonstration) used in the lecture  
16. Atmosphere of the learning environment  

0.771 (n=141, p<0.001) 
 
 

13. Lecturer’s interest in the students’ learning  
19. Motivation for the course right now 

0.736 (n=141, p<0.001) 
 

12. Application of the new information to different problems and environments 
during the lecture  
18. Understanding of when, why and where my new skills and knowledge could be 
used 

0.735 (n= 142, p<0.001) 
 
 

1. Lecture as a whole  
5. Structure and clarity of content  

0.706 (n= 140, p<0.001) 
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4.3.2.4 Results of differences between the student and lecturer responses 

The analyses of individual lectures, responded by lecturers and students, showed that there 
was abundant difference in responses between the students and lecturers. Therefore, the 
means of the statements between the student and lecturer responses were compared. As the 
variables were not normally distributed, regardless of the one variable in lecturers’ 
responses, a nonparametric Mann-Whitney U-test was used in analyzing the significances 
of the differences. The results showed that the mean differences in statements number 7 and 
5 were statistically highly significant (p<0.001). Moreover,  the statements number one to 
three, and nine to twelve, were statistically significant (p<0.01). The statements number 
eight, fourteen and seventeen were almost significant (p<0.05). The statement mean 
differences with the statistical significance are presented in Table 4.3.2.4.1. The Table of all 
statements and the comparison are presented in Appendix D.  

Table 4.3.2.4.1. Summarized data from lecturers’ views of their own lectures, comparison 
of the means between the student and lecture responses, and the significance of the 
differences between the responses.  

Scale: very poor 1, poor 2, fair 3, good 4, very good 5, and excellent 6 Comparison of 
means 

Statement no.  Mean 
 

SD 
 

Min 
 

P25% 
 

Mdn 
 

P75% 
 

Max 
 

MD≠) 

 
p#) 

 1. Lecture as a whole  4.08 0.64 3 4 4 4.75 5 0.76 0.003** 
2. I think that the students felt that the 
importance of the topic 

4.42 0.64 3 4 4.5 5 5 0.82 0.001** 
 

3. Lecturers’ credibility and effectiveness 
in teaching the subject matter  

4.17 0.55 3 4 4 4.75 5 0.70 0.006** 
 

5. Structure and clarity of content  3.58 0.76 2 3 4 4 5 1.22 0.000*** 
7. Suitability of teaching and learning 
tools (Power points, multimedia, 
demonstrations, blackboard…)  

3.75 0.43 3 3.25 4 4 4 1.19 0.000*** 
 

8. Lecturer took into account the 
students’ background: language skills, 
experience and knowledge level 

4.17 0.37 4 4 4 4 5 0.49 0.039* 
 

9. Teaching method or methods 
(lecturing, group discussions, activation 
questions, demonstration) used in the 
lecture  

4.08 0.64 3 4 4 4.75 5 0.75 0.004** 
 

10. Content was presented at an 
appropriate pace 

3.92 0.86 2 3.25 4 4.75 5 0.87 0.005** 
 

11. Explaining and construction of 
concepts  

4.17 0.55 3 4 4 4.75 5 0.70 0.004** 
 

12. Application of the new information to 
different problems and environments 
during the lecture 

4.08 0.64 3 4 4 4.75 5 0.62 0.015** 
 

14. The interaction between the teacher 
and students 

4.42 0.86 3 4 4.5 5 6 0.53 0.047* 

17. The improvement in my knowledge 
and in skills 

4.08 0.76 3 4 4 4 6 0.50 0.038* 

≠) MD = mean difference = mean(students) – mean (lecturers) 
#) Statistical significance of mean difference (MD) 
*Almost significant, p<0.05, **Significant, p<0.01, ***Highly significant, p<0.001 (KvantiMOTV, 2003.) 
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4.3.2.5 Categorization of the statements 

The statements were divided into four categories:  content, teaching skills, motivation and 
interaction according to the elements of successful pedagogy presented in Chapter 2.3, 
content similarities, moderate or strong positive linear relationships between the variables, 
and value of Cronbach’s alpha.  An alpha is a measure of internal consistency. The value 
shows, how closely related a set of items are as a group. As the number of measured items 
increase, the alfa coefficient diminishes. Therefore, according to Gliem and Gliem (2003), 
an alpha of around 0.8 is a reasonable goal to aim for. The categorization increases the 
number of available analysis methods and the reliability of the study. (KvantiMOTV, 2009.) 

The statement number 4, The difficulty level of the content versus my own skills and 
knowledge was, was dropped out from the categories because an only statistically 
considerable linear relationship was with the statement number 16, The atmosphere of the 
learning environment was: (r=0.55, moderate correlation). All other correlation coefficients 
between statement number four and other statements were lower than 0.44 (2. The 
importance of the topic). As well, the common statements numbers 1, 17 and 19 were 
dropped out from the categories. The correlation matrix of all statements is presented in 
Appendix E.  

Table 4.3.2.5.1 consists of four categories, definitions of what kind of characteristics 
enhance students’ learning and engagement according to the theories presented in this study, 
and the evaluation form statements related to the category. In addition, the common 
statements, which were not included to the categories, are placed to the final row.   

 

Table 4.3.2.5.1. The categories of lecture evaluation.  

Category of summated 
statements (Cronbach’s alpha) 

Successful characteristics, which 
enhance learning 

Questionnaire statements 

Content (α=0.80) Well-structured content provide 
students a framework into which they 
can fit new knowledge. (Horgan, 
2003.) 

Providing visual images such as 
graphs, figures, pictures, films etc., 
enhance learning. (Winstanley and 
Bjork and references therein, 2002.) 

Applied tasks help students to get 
away from selective memorizing 
(Biggs and Tang, 2011.) 

5. The structure and clarity of the 
content 

7. The suitability of teaching and 
learning tools (power points, 
multimedia, etc.) 

12. The application of the new 
information to different problems and 
environments during the lecture  

 

 

 

 



202 
 

 

Category of summated 
statements (Cronbach’s alpha) 

Successful characteristics, which 
enhance learning 

Questionnaire statements 

Teaching skills  ( α=0.84)  
 

Educators own expertise in teaching 
and learning skills, and within own 
discipline enhance learning (National 
Research Council, 2000). 

Presenting and demonstrating key 
concepts from more than one point 
and in multiple contexts help in 
building the knowledge. (Winstanley 
and Bjork and references therein, 
2002.) 

Different kinds of classroom activities, 
which enhance applying the 
knowledge taught and help students 
to get away from passive listening 
and selective memorizing, could be 
relevant method in activating students 
in learning. (Biggs and Tang, 2011.)  

3. The lecturers’ credibility and 
effectiveness in teaching the subject 
matter  

11. Explaining and construction of 
the concepts  

9. The teaching method or methods 
(lecturing group discussions, 
activation questions, 
demonstrations) used in a lecture 

Motivation (α=0.84) 
 
"Motivation is a condition that 
activates and sustains behavior 
toward a goal" (National Research 
Council, 2018, p.110).  

The study focuses mainly in 
measuring the elements, which 
according to the literature may 
influence on motivation and 
therefore influences on learning. 
The students’ opinion of their 
course motivation was asked after 
every lecture. 

The deep learning and time students 
are willing to spend on learning are 
built on motivation. Lecturer can 
enhance motivation by adaptive and 
flexible learning environment, in 
which the level of difficulty is proper, 
atmosphere is learning oriented and 
pre-knowledge and skills, attitudes 
and beliefs students bring to the new 
situation is considered.  In addition, 
lecturer should enhance 
understanding of the usefulness of 
the knowledge and skills that are 
studied and how the new information 
impacts on students’ community 
(National Research Council 2000) 

8. The lecturer took into account the 
students’ background: language 
skills, experience, knowledge level 

6. The usefulness of pre-exercises  

16. The atmosphere of the learning 
environment  

10. The content was presented at an 
appropriate pace 

2. The importance of the topic  

 

Interaction (α=0.79) 
 

Interactive teaching and learning 
activities engaging students in 
learning and cognitive development 
(e.g. Biggs and Tang, 2011; National 
Research Council, 2000) 

13. The lecturer’s interest in the 
students’ learning  

14. The interaction between the 
teacher and the students  

15. The interaction between students  

Common statements 
 
 

 19. My motivation for the course right 
now  

17. The improvement in my 
knowledge and skills  

1.The lecture as a whole 
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4.3.2.6 Results from categorization 

The analysis of sum variables in Table 4.3.2.6.1 show that 75% of all category values belong 
to the options good to excellent (percentile rank (25%) = 4.33). The medians are close to 
the mean values, which indicate symmetrical distributions. Additionally, the standard 
deviations are low. These analyses show that students’ experiences and opinions of the 
lectures were close to each other in all categories.   

 

 

The results in Table 4.3.2.6.2 indicate that students’ opinions of their motivation on the 
course have a strong positive correlation with the results of theory-based categorization of 
motivation, teaching skills and interaction. As well, responses of the lecture as a whole have 
a strong positive correlation with all categories. Instead, students’ opinion of improvement 
in knowledge and skills has positive moderate correlation with all categories. According to 
the individual data points in statement number 17, the improvement in my knowledge and 
skills was, eighty-eight percent (88%, SD= 0.70, n=142) of the responses indicated at least 
to the good level in improvement in knowledge and skills. The only statement that had a 
strong positive correlation with the improvement in knowledge and skills was number 12, 
the application of the new information to different problems and environments during the 
lecture was (r=0.602, n=142, p<0.001). Eight nine percent (89%, SD=0.70, n=142) of the 
responses belonged at least to the option good in this statement.  

 

Table 4.3.2.6.2. The relationships between the categorized statement sum variables and 
common statements. 
 
 

Motivation Teaching 
skills 

content interaction n 

19. Motivation for the course       0.71 0.69 0.74 0.69 141 
1. Lecture as a whole 0.74 0.78 0.74 0.63 140 
17. Improvement in my knowledge and in 
skills 

0.58 0.56 0.60 0.51 142 

All relationships were estimated by the t-distribution to be significant, the probability level p <0.001. 

 

Table 4.3.2.6.1. The statistics of sum variables categorized from lecture evaluation 
statements.   

Sum variable n Mean SD Min P25% Mdn P75% Max 
A Content 142 4.81 0.82 1.7 4.33 5 5.33 6 
B Teaching skills 142 4.84 0.87 1.5 4.33 5 5.67 6 
C Motivation 142 4.86 0.77 2.0 4.40 4.9 5.50 6 
D Interaction 142 4.79 0.90 1.0 4.33 5 5.67 6 
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The analyses between the sum variables presented in Table 4.3.2.6.3 show very strong 
positive correlation (r ≥ 0.8) between the content and teaching skills, content and motivation 
and teaching skills and motivation. The sum variable interaction indicates strong positive 
correlation with all the other variables (0.6 ≤ r < 0.8).  

 

Table 4.3.2.6.3. The correlation matrix of the statement sum variables.   
Content 
(n=142) 

Teaching skills 
(n=142) 

Motivation 
(n=142) 

Interaction 
(n=142) 

Content 1 
   

Teaching skills 0.84 1 
  

Motivation 0.83 0.81 1 
 

Interaction 0.74 0.72 0.74 1 
All relationships were estimated by the t-distribution to be significant, the probability level p <0.001. 

 

In the final evaluation form, which was same type as lecture evaluation form, students were 
able to assess the lectures as a whole. The question was formulated as How did the lectures 
help you in deepening understanding of the topics?.  The results (Max=6 (excellent), min=4 
(good), M=4.8, SD=0.64, n=17) show that students experienced that, ultimately, lectures 
deepened their understanding of the topics well. (See Chapter 4.5.1). 

 
4.3.2.7 Discussions of lecture feedback 

The results of the lecture feedback analyses confirm that the elements chosen to the planning 
and teaching were suitable in the context studied. Most of the individual statement responses 
indicate that the experiences of the measured things have been at least at a good level and 
students felt that their knowledge and skills were improved well.  In addition, the students’ 
responses were very close to each other.  

Findings from sum variables show that lecture contents, teaching skills of the lecturers and 
interaction were all at least in strong positive relationship with each other and with 
motivation. Together, the present findings confirm that all of these factors influence 
students’ experiences of a good lecture, which in addition, students experienced to enhance 
and improve their learning. Therefore, the findings are in line with the educational theories 
(Chapter 2) used in creation of the statements.  

Although, some students experienced that the content was too easy or difficult to them, it 
did not have any relationship with motivation. However, it had a moderate positive 
relationship with experiences about the atmosphere in the lecture. In addition, the highest 
difference value between mean and median in the experience of the classroom atmosphere 
shows that the distribution of the responses was higher than in other statements. It means 
that students’ experiences of the classroom atmosphere differed from each other.  
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According to Barr (2016), the classroom atmosphere expresses a reflection of students’ 
experiences. Students’ attitudes and moods, behavior and performance, self-concept and 
general sense of well-being have an effect on classroom atmosphere. In addition, their 
experiences are shared with other participants, which therefore affect the general feeling in 
a class. (Barr, 2016 and the references therein.) 

Teacher can support positive learning environment, for instance, by considering students' 
ability and interest on the topic under investigation, and is interested on students as 
individuals. Teacher can also support students in getting familiar with and in helping each 
other, and courage them to participate in class actively.  Moreover, the things such as clear 
structure and content of the course, well-organized activities, unique teaching methods, 
challenging and demanding content, etc., enhance in creating positive learning atmosphere. 
(Barr, 2016 and the references therein.)  

According to analyses, around seventy-five percent (75%) of the students experienced that 
the atmosphere in the lectures was at least good. The analysis also showed that teaching 
methods used in a lecture influence the atmosphere. Moreover, the students were mostly 
satisfied to teaching methods and the structures of the contents.  

Most of the students felt that lecturers took into account students’ backgrounds and were 
interested in their learning. Therefore, the findings indicate that, mostly, the elements of a 
good learning atmosphere, studied in previous literature, existed in the lectures, and 
lecturers succeeded in creating the positive classroom atmosphere. Simultaneously, the 
findings confirm the results of the previous literature. Moreover, these findings may explain 
why the students’ motivation stayed high across the whole course.  

The analysis also showed that students experienced that the lecturer is interested of student’s 
learning if the lecturer interacts with them. In addition, lectures’ interest on students’ 
learning and motivation are related to each other. Therefore, the results indicate that student-
lecturer interaction enhances students’ motivation.  

However, the findings suggest that it is important to assist students to stay involved in 
teaching, for instance, by helping them to achieve better understanding before the lecture, 
or, contrarily, providing students challenges if the topic is too easy. Hailikari, Katajavuori 
and Lindholm-Ylänne (2008) highlight that finding out students’ pre-knowledge help 
teachers in setting appropriate pace and difficulty level for the course.  According to Kurki-
Suonio (2011), it is also essential in avoiding gaps in students’ understanding. In the article 
of Barr (2016) about university classroom atmosphere, it is discussed that a student-centered 
approach in teaching could help in improving the classroom atmosphere.   

Around one fifth of the responses were included in the options lower than good in interaction 
between the students. According to the analyses of lecture activities in Chapter 4.3.1, the 
most common lecture activity types were lecturer-conducted class discussion and student-
initiated class discussion. Therefore, an interaction between the students was slight. 
However, the interaction between the students – statement had only slight positive moderate 
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correlation with some statements and mostly weak correlations with the rest. Therefore, the 
results indicate that students did not experience that they needed student-student interaction. 
(See the discussions in Chapter 4.3.1.3). In addition, the interaction overall was mostly 
estimated to be at least in good level, and the interactivity and motivation were estimated to 
have a strong positive relationship with each other. The results indicate that motivation 
towards learning is increased by increasing interactivity in classrooms.  

This finding is in line with the claims of Kopf, Scheele and Effelsberg (2005), who highlight 
the meaning of interactive lectures in their studies. Authors point out that a lack of 
interaction in the classrooms affects students' attention and motivation. In addition, it leads 
to cognitive problems. Interactivity provides students with an opportunity to shape the 
informational, communicational and learning processes and the teacher is able to adapt their 
teaching to the state of the learners' knowledge. 

According to the lecturers’ own experiences, the lectures were not as good. They felt that 
students did not value the topics as highly as students actually did. They did not think that 
their expertise and the teaching skills, and methods and tools they used were as good as they 
were according to the student evaluations.  As well, lecturers did not value the content 
structures and application of problems as highly as the students did. All of these results were 
statistically significant. However, despite the lecturers’ own thoughts of their teaching, 
which may reflect uncertainty in a new situation, as many of the lecturers were beginners, 
the lecturers’ experience in lecturing did not have even a moderate relationship with any 
statements measured. In a theory based categorization, lecturers teaching skills in most of 
the responses were at least in good level (M=4.84, SD 0.87, n=142).  Therefore, the 
lecturers, despite their own experience of their teaching skills and the years of expertise, had 
from the students’ point of view, at least good skills in teaching.   

Marsh (2007) investigated what happens to the university teachers’ effectiveness with 
experience. In a study, the students evaluated the teaching effectiveness of 195 teachers 
continuously over 13 years. His results show that the effectiveness tends to decline rather 
than improve with added experience. According to some studies, cited in an article, teaching 
effectiveness improves over the first years of teaching but declines after it. According to 
March (2007), a lack of teacher training can partially explain the results. Therefore, the 
findings of this research confirm the study of March (2007).  

According to the study of Kornell and Hausman (2016) of students’ ratings of teaching in 
collage, students do not often have enough experience to recognize good teaching and they 
reflect own experiences in assessments. Prosser et al. (2003) highlight that both students’ 
and teachers’ perceptions of learning and teaching reflect their previous experiences. In 
addition, these perceptions guide the ways they approach learning and teaching. In a 
learning environment, these perceptions and approaches meet each other affecting learning 
outcomes, possibly causing dissonance in learning context. (Prosser et al. 2003.) This 
obviously influences on students’ lecture evaluations. Prosser et al. (2003) suggest that to 
overcome the situation, teaching approaches should be more student-centered.   
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According to Kornell and Hausman (2016), more often, in student evaluations, students 
assess how much they enjoyed the class, and how well the teacher engaged them with the 
topic and further courses. Therefore, according to Kornell and Hausman (2016), to assess 
teachers' effectiveness in teaching, the students learning, as well as student evaluations of 
teaching, should always be considered.  

These findings confirm that also experts, who are mostly obligated to teach, in addition to 
do research, need support and education in the subject area of teaching and learning. 
Moreover, as they are mostly recognized as the best persons to educate those who have not 
understanding of the subject area (Lavis et al., 2003), the role of understanding of teaching 
and learning in different learning environments and the studies of the educational settings, 
in which the experts teach, become even more important.  

The students also felt that the use of applied tasks during the lecture enhanced their learning 
and helped them understand how to use new skills and knowledge in the future. The types 
of tasks are discussed more detailed in Chapter 4.4. 

Moreover, the results indicate that the content structure and clarity influence strongly with 
the experience of the whole lecture. As most of the planning time was spent on defining the 
lecture outcomes and contents, the development of knowledge within the subject areas and 
bridging the different topics, findings strengthen the meaning of the knowledge structure of 
the topics taught. Therefore, the findings also confirm the meaning of lecturers' own 
understanding of knowledge building within their own subject area. The findings are in line 
with the pedagogy of Kurki-Suonio (2011) and with the Constructive Alignment of Biggs 
and Tang (2011) presented in Chapter 2.3.  

4.4 Evaluations of out-of-lecture tasks 

Homework has a positive influence on academic achievement (Cooper, Robinson, and 
Patall, 2006). Epstein and Voorhis (2001) point out that the out of class assignments should 
consider elements, which engage students in learning. For instance, tasks such as everyday 
observations and tasks where the new knowledge is needed to apply to new problems and 
environments enhance learning (National Research Council, 2000).  

In this context, post-exercises, which were completed outside the lectures, were used as 
tools in assessing the students’ learning. However, they and pre-exercise tasks were also 
regarded as learning and teaching activities, which aimed to help students to achieve 
intended outcomes. Therefore, they are called ‘out-of-lecture activities’. As well, the exam 
is out-of-lecture activity, which aimed to give information of how well the students achieved 
the intended outcomes.   

The next chapters describe the aim, data collection and analysis methods of each evaluation 
separately. As well, the results and discussions are placed right after each analysis.  
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4.4.1 Types of tasks  

4.4.1.1 Aim, data collection and analysis methods 

The type of task activities within the exercises and exam were analyzed to gain information 
of the tasks the lecturers thought that benefit students in learning and in achieving an 
intended outcomes. In addition, the results were compared with the student feedback and 
learning results to find the success of the task types used.   

The task types of exercises and exam were analyzed with qualitative content analysis (Elo 
et al., 2014). The analysis was inductive because the information was collected from the 
written exercises and exam, and were coded and categorized according to the data. After a 
preliminary reading of exercises and exam, the pre- and post-exercises and exam tasks 
(npre=28, npost=51 and nexam=14) were defined as unit of analysis. Different types of tasks 
were coded based on reading observations (See the Appendix F). It is good to notice that 
each unit of analysis can match with many different types and each exercise can consist of 
many units of analysis. The different types of units of analysis are considered categories 
(See Table 4.4.1.2.1). In addition, the description of categories table includes codes and 
defined characteristics of the types and examples of coding. Figure 4.4.1.2.1 describes a 
proportion of unit of analysis types counted separately from pre-, post- and exam tasks.  

4.4.1.2 Results of task types 

Table 4.4.1.2.1. Categories, codes, characteristic of types and examples of task types 
within the exercises. 

Category of task type (code) Characteristics Example task  

Essay writing (EW) Short piece of writing on a particular 
subject. 

“Do a short report on Beijing air 
quality during …. Analyses should 
include data from the Beijing Aeronet 
station, visual imaginary from the 
EOSDIS...+(QUAL, ADM, RWS, 
QUAN, IPS, SNK, CNS) 

Drawing (DR) Any visualization (graph, map, etc.) “Draw a wind rose with SO2 
concentrations based on a 
measurement data in the table.” + 
(RWS)  

Mathematical formulation (MF) Can be related to real-life phenomena 
or not 

“Solve the differential mass-balance 
equation …”  

Qualitative problem solving (QUAL) Describing, explaining and 
comparing, for instance, 
observations, read text, visual based-
data in written and qualitative form. 
Can be open to interpretation, insight 
and imaginary. Necessarily, no 
correct answer expected. 

“Where on the map do you expect 
the geostrophic wind to be the 
strongest and why?” + (RWS, ADM, 
IPS) 
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Category of task type (code) Characteristics Example task  

Creative task (CT) Student creates new knowledge, 
information, etc.  There is not 
necessarily a correct answer. Can 
gain new insights to all participants. 
Open ended.  

“Create a proposal of how to improve 
ecosystems around your location” + 
(RWS, EW, QUAL, IPS) 

Observation in real-life (ON) Environmental observations.  E.g. 
changes in ecosystem, weather, 
human behavior, and politics. 

“Write down 3 days personal 
observations of air quality near you” 
+ (RWS, QUAL)  

Quantitative problem solving 
(QUAN) 

Mainly one possible interpretation 
and solution. Mainly represented in 
terms of a numerical value. 

“with given information, calculate the 
total emissions from HD diesel trucks 
in Jiangsu province in 2015….” + 
(RWS, ADM) 

Study new knowledge from articles, 
internet pages, from the information 
given in a task, etc. (SNK) 

New knowledge and understanding 
need to be acquired to complete a 
task or to be prepared for the lecture.  

“Look from internet or extra material 
provided on lecture. How are the 
indexes calculated in UK and 
Finland, …” + (QUAN) 

Apply given data set, use models 
(ADM) 

Models and data sets are needed to 
understand, integrate and illustrate in 
other forms to deepen the 
understanding of the knowledge or to 
make conclusions. 

“Huge chemical factory exploded in 
Helsinki on …You are working as an 
air quality authority…you have to 
give warning to the people…wind 
speed is …To which areas, 
according to given map, you give the 
warning?” + (RWS, IPS, QUAL, 
QUAN, QUAL) 

Real-world problem solving (RWS) Illustrates real-life phenomena, data 
given is collected from real-life or it is 
modelled well enough. The answers 
correspond real-life close enough. 

List two key sectors in China, which 
affect significantly PM formation and 
emissions, tropospheric ozone 
formation and climate change, and 
tell why did you list them?+  (IPS, 
QUAL, QUAN) 

Integrative Problem solving (IPS) Different views and/or knowledge are 
needed to bridge in an answer. 

“Write down 3 meteorological 
phenomena are in favor of good air 
quality” + (RWS, QUAL) 

Term definition or short explanation 
(TD) 

The correct answer is needed. Does 
not necessarily require a lot of 
understanding of the subject.  

“What means atmospheric 
turbulence, buoyancy …”   
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Figure 4.4.1.2.1. Proportion of unit of analysis types counted separately from pre-, post- and 
exam tasks. It is good to notice that each unit of analysis can match with many types and 
the extent of the task is not consider in the calculations.  

 

The majority of all tasks (pre, post, exam) were related to real-world problems (89%, 75%, 
79%). Eighty-six percent (86%) of pre-lecture units of analysis, seventy-nine percent (79%) 
of exam and sixty percent (60%) of post-lecture units of analysis were qualitative type. In 
addition, around half of the post- and exam units (51%, 57%) of analysis were integrative. 
In pre-lecture units, the integrative type of units dropped to thirty-two (32%) percent.  

In the exam, proportions of essays, short explanations and definitions, and applied tasks 
were higher than in pre- and post exercises.  

Post-lecture exercises included the highest number of different types of units of analysis. 
The proportion of quantitative problem solving tasks was highest in post-lectures (37%). It 
was also only one, which included drawing tasks (10%). In addition, 5 different units of 
analysis (10%) were categorized to the type of creative tasks.  

Six different units of analysis included a task to observe different phenomena in own living 
environment. All of them were carried out in pre-lecture tasks. Twenty two percent (22%) 
of pre-exercises required studying of new knowledge. In addition, a quarter of the units of 
analysis in pre-lecture tasks included short definitions of terms.   
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4.4.1.3 Discussions of task types 

As the air quality subject area is related to nature and human behavior, it is obvious that the 
majority of the tasks was engaged with and handled real-life phenomena.  

Before the lectures, students were given exercises to initiate perception of the subject area. 
They were asked to describe their own observations and experiences about the related 
phenomena with support by other available information (e.g. by internet applications), and 
to express their interpretations in writing. Kurki-Suonio (2011) highlights that such pre-
exercises have an essential role in perceptional pedagogy. It is based on the idea that 
learning/teaching proceeds from observations, i.e. perception of empirical meanings, 
towards conceptual understanding. According to the results from final evaluations (Chapter 
4.5.3), students experienced that pre-lecture tasks had enhanced their understanding of the 
topics.  

These kinds of pre-lecture exercises also improve the linguistic readiness of the participants, 
as to the subject field and, consequently, enhance the communication on the lectures. 
According to experiences from physics teaching and teacher education (Kurki-Suonio, 
2011), such type of pre-exercise tasks improve the conceptual understanding of the 
substance of the lectures. It is justified to assume that they can enhance the knowledge 
building also on the field of air quality, which further influence on application of knowledge 
and problem solving. 

The pre-tasks included one applied task and none creative tasks. Skills to apply and create 
new knowledge require higher level of understanding of the subject (See the more detailed 
knowledge level categorization of the tasks in Chapter 4.4.2.) Therefore, the place of such 
tasks is rightly in a later phase of the course – in post-tasks (14%, 10%) and exam-tasks 
(36%, 7%). See the proportions in Figure 4.4.1.2.1. 

Overall, the applied, integrative and qualitative real-life problem solving tasks were 
emphasized in exam. The proportion of integrative tasks (32%, 51%, 57%) can be explained 
by the interdisciplinary characteristic of air quality. The integrative tasks require bridging 
of different subject areas and practice. Therefore, the highest value of proportion of 
integrative tasks in exam is distinct. In pre-tasks, the integrative tasks mainly required that 
students began to think the phenomena and reflected their own already existing knowledge 
in a given task. For instance, Write down three meteorological phenomena that you think 
are in favor of heavy air pollution.  Instead, the question: How to solve global challenges? 
in the exam, was wide and open-ended essay task, which did not have a correct answer but 
required skills to integrate many subject areas and views. In addition, the task gave students 
a possibility to create new ideas and knowledge.  

The proportion of quantitative problem solving units of analysis was highest in post-lectures 
(37%) and lowest in exam (14%). The majority of quantitative tasks were related to the data 
and model analyses. The students needed to find correlations between the measured values 
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for instance, on the maps, and make conclusions. In some tasks, they needed to convert the 
set of data into a graph.  Complex calculations did not exist in the tasks.  

To summary, the schedule of different task types followed “the ladders of understanding” 
(Figure 2.3.1.3) of the pedagogy by Kurki-Suonio (2011). According to pedagogy, the 
understanding develops in cyclic processes between nature and the human mind - climbing 
the ladder, systematically, towards a deeper level of understanding. In this context, students 
were able to develop their understanding starting from the pre-lecture tasks, which required 
lower level understanding of air quality to the post-lecture tasks, which required skills to 
integrate and apply the knowledge acquired during the lectures. The tasks are analyzed in 
more detailed in Chapter 4.4.2. 

The expressions and formulation of the tasks were not in some parts clear. This observation 
may indicate that the lecturers had difficulties to express assignments in English or they had 
problems to formulate well-structured exercises. However, the assistants’ feedback of the 
exercises were collected and used to make assignments better formulated for the next 
courses.  

4.4.2 Cognitive process and knowledge dimensions of the tasks vs students’ 
understanding 

4.4.2.1 Aim, data collection and analysis methods 

This chapter describes the classification of cognitive process and knowledge dimensions of 
course exercises and compare the results with grading of them. This evaluation method 
aimed to provide information of students’ knowledge and skills. The comparison enabled 
making conclusions if the intended outcomes of the course were achieved.   

The classifications of the tasks were theory-driven and, therefore, the method of analysis 
was deductive. The approach of the analysis was qualitative. (Elo et al., 2014.) The approach 
and the method of classification, chosen for this evaluation, were used in the research of 
Tikkanen and Aksela (2012).  

Tikkanen and Aksela (2012) combined a Taxonomy Table for learning, teaching and 
assessing of Anderson et al. (2001) with the findings of Tsaparlis and Zoller (2003) of lower-
order (LOCS) and higher-order cognitive skills (HOCS) when assessing chemistry 
examination questions. The table of taxonomy is a revision of Bloom’s Taxonomy of 
educational objectives (Bloom et al., 1956). The uses of verbs in Bloom’s Taxonomy were 
recommended for the lecturers in the course while they were designing the learning 
outcomes of their lecture.  

Anderson et al. (2001) highlight that the table is intended to help educators broaden 
assessments of learning and view learning from constructivist and cognitive perspectives. 
In addition, the aim is to make learning more meaningful. 
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The Taxonomy includes two-dimensions:  the cognitive process dimension (how students 
think) and knowledge dimension (what students know) (Anderson et al., 2001). The concept 
cognition is defined as “The mental action or process of acquiring knowledge and 
understanding through thought, experience and the senses.” (Lexico, 2019). The cognitive 
process dimension includes six different categories, and knowledge dimension includes 
four. (Anderson et al., 2001.) The summaries of concept explanations of each category are 
placed on table cells in Table 4.4.2.2.1.  

According to Zoller (2012), science teaching should promote critical system thinking, 
problem solving and decision-making, and increase students’ higher-order cognitive skills 
(HOCS) in order to enhance sustainability in societies. The air quality issues belong to the 
same category. The air quality education needs to produce changes in societies and in human 
behavior globally in order to contribute towards cleaner air.  

Cognitive skills can be divided into two categories: LOCS (lower-order cognitive skills) and 
HOCS (higher-order cognitive skills). LOCS include tasks that require simply knowing: 
recalling of memorized information, applying basic or memorized information to familiar 
situations, and applying algorithms to exercises routinely.  HOCS tasks involve skills to ask 
questions, think critically and systemically/laterally, make decisions, solve problems, 
evaluate and transfer knowledge. The most important difference between HOCS and  LOCS 
tasks is that in HOCS tasks students need to solve problems in unfamiliar situations, answer 
to non-algorithmic and/or open-ended questions. In LOCS tasks, the questions consider 
familiar and routine situations. (Zoller & Pushkinb, 2007, and the references therein). 
Therefore, the categories in cognitive process skills, in Taxonomy Table of Anderson et al., 
(2001) are divided into two large categories. (See Table 4.4.2.2.1.). 

In this study, the exercise and exam tasks were always placed in the highest possible 
category in the Taxonomy Table. It was assumed that the lower categories are included to 
the higher categories. Therefore, the Taxonomy Table is hierarchical.  

It was assumed that lecturers planned the exercise tasks and exam questions considering the 
learning outcomes and considered alignment between them as they were recommended to. 
The pre-exercise answers were collected in the beginning of each lecture. Each return gained 
one point for the final grading of the course. Eighty-eight percent (88 %) of the pre-lecture 
exercises and ninety-nine (99%) of the post-exercises were returned. The post-exercises 
were returned to the course assistants. The assistants, under the supervision of the 
responsible teacher and the lecturers, graded the post-exercises and the exam.  

The exercise and exam questions were divided into the units of analysis. The unit was 
regarded as a task, which can be placed to the certain cell in a table. It is good to notice that 
one question can include many units of analysis. Each task was placed to the highest possible 
cell in a table according to the given question and the template of expected answer. The 
analysis of types was carried out in a group, which consisted of people who had different 
kind of educational, air quality, economic, societal and policy expertise. Table 4.4.2.2.1 
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illustrates the distribution of the task types in pre-exercises, post-exercises and in exam. The 
examples of categorization are presented in appendix G.  

In the next phase, the units of analyses (tasks) were converted to points, according to the 
grading scale of the post-lecture and exam tasks, and the points, in each cell, to percentages. 
Therefore, the extent or values of the units of analysis were considered.  The method enabled 
the comparison between the evaluation of cognitivity and knowledge level of the tasks in 
the Taxonomy Table, and the grading of students’ answers.  It gave information of the 
students’ learning level and if the intended outcomes were achieved.  

4.4.2.2 Results of cognitive process and knowledge dimensions 

Table 4.4.2.2.1 illustrates the distribution of the pre-lecture, post-lecture and exam tasks 
according to different dimensions of knowledge and cognitive skills. The analyzing method 
is adopted and applied to the context of air quality from the study of Tikkanen and Aksela 
(2012). The method summaries a revision of Bloom’s taxonomy of Anderson and 
Krathwohl (2001) and the study of Tsaparlis and Zoller (2003). In this study, it is assumed 
that the tasks set to higher dimension include the lower dimension knowledge and cognitive 
skills. Therefore, the tasks are set always to the highest possible cell of dimension. It is good 
to consider that this illustration describes only the number of different types of tasks. It does 
not consider the extent of the task. The examples of categorization are presented in 
Appendix G. Black spot refers to pre-lecture (npre= 24), blue to post-lecture (npost= 40) and 
green to exam task (nexam = 14).  
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Table 4.4.2.2.1. Distribution of the pre-lecture, post-lecture and exam tasks according to 
different dimensions of knowledge and cognitive skills.  
 
 
 
 
 
 
 
 
 
 
 
 
The knowledge 
dimensions of 
the course 
tasks. 

The cognitive process dimensions of the course tasks 
Lower-order cognitive skills (LOCS) Higher-order cognitive skills (HOCS) 

Remember 
Retrieve 
knowledge 
from long-
term memory 
recognizing 
recalling 

Understand 
Construct 
meaning from 
instructional 
messages 
given in 
different forms 
interpreting 
exemplifying 
classifying 
summarizing 
inferring 
comparing 
explaining 

Apply 
Carry out or 
use a 
procedure in 
a given 
situation 
executing 
implementing 

Analyze 
Break material 
into parts and 
determine how 
the parts relate 
to one another 
and to the 
overall 
structure or 
purpose 
differentiating 
organizing 
attributing 

Evaluate 
Make 
judgements 
based on 
criteria and 
standards 
Checking 
critiquing 

Create 
Reorganize 
elements 
into a new 
pattern or 
structure 
Generating 
Planning 
producing 

Factual 
knowledge 
Terminology 
Specific details 
Basic elements 

●●● 
● 
● 

●     

Conceptual 
knowledge 
Classifications 
Categories 
Principles 
Generalizations 
Theories 
Models 
Structures  

●●●●●● 
● 
 

●● 
●●● 
● 

● ●● 
●● 
 

●● 
●●● 
 

● 

Procedural 
knowledge 
Subject-specific 
skills  
Algorithms 
Techniques 
Methods  
Criteria for 
determining 
when to use 
appropriate 
procedures 

 
 
 

● 
● 
●● 

●●●●● 
●●●●● 

●● 
●●●● 
●●● 
 

●●●●● 
● 
●●● 

● 

Metacognitive  
knowledge 
Cognition in 
general 
Awareness and 
knowledge of 
one’s own 
cognition. 

 
 
 
 

●   ● 
● 
 

● 
●●●●● 
●● 
●●●● 

Spots: 
●Black: 
pre-lecture 
task, n=24 
●Blue: 
post-lecture 
task, n=40  
●Green: 
exam task, 
n= 14 
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Table 4.4.2.2.2 describes a proportion of the post-lecture tasks according to different 
dimensions of knowledge and cognitive skills. The maximum grading of each task is 
considered in the table. Therefore, it describes the extent and value of each category within 
the tasks. For instance, the sum of the highest possible points of the tasks included to the 
cell, ‘remember and factual knowledge’, is equivalent to 0.9 percent of the total points of 
all post-lecture tasks. Forty-one percent of the total points belong to the category of LOCS 
and rest to the category of HOCS.  

Table 4.4.2.2.2. The distribution of the maximum grading in the post-lecture tasks 
according to different dimensions of knowledge and cognitive skills. The summary 
distribution of LOCS and HOCS are placed to the last row. 
 
The knowledge 
dimension of 
POST-lecture 
tasks 

 
The cognitive process dimensions of POST – lecture tasks 

 
Lower-order cognitive skills (LOCS) 

 
Higher-order cognitive skills (HOCS) 

 
Remember 

 
Understand 

 
Apply 

 
Analyze 

 
Evaluate 

 
Create 

Factual 
knowledge 

0.9% - - - - - 

Conceptual 
knowledge - 4.4% 1.8% 3.5% 5.3% - 

Procedural 
knowledge - 0.9% 33.3% 8.8% 10.5% 1.8% 

Metacognitive  
knowledge - - - - 2.6% 26.3% 

 LOCS  ∑41%  HOCS ∑ 59%  

Table 4.4.2.2.3 includes the comparison between the proportion of LOCS and HOCS and 
the grading of students’ post-task answers. For instance, one student got 49 percent of the 
total points. Therefore, the student is placed into the category (42-49) %. Forty-one percent 
of all the task points belong to the category of LOCS tasks. Therefore, this student was able 
to do at least some HOCS tasks (49-41) %. If the student is placed to the category of (75-
100) %, his/her total points show that he/she was able to do at least thirty-four percent (75-
41) % of the HOCS tasks.  
 

Table 4.4.2.2.3. The comparison of the proportion of LOCS and HOCS of all post-lecture 
tasks and the grading of students’ post-task answers.  
  

POST-lecture tasks 

 LOCS ∑ 41% HOCS ∑ 59% 

points/total task points (%) < 41 % (42-49)% (50-74)% (75 – 100) % 

Number of students in each category 
according to their results (%) 

0(0%) 1(5%) 3 (15%) 16 (80%) 
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Table 4.4.2.2.4 describes a proportion of the exam tasks according to different dimensions 
of knowledge and cognitive skills.  The maximum grading of each exam task is considered 
in the table. Therefore, it describes the extent and value of the each category within the exam 
tasks. For instance, the sum of the highest possible points of the exam tasks included to the 
cell ‘remember and factual knowledge’ is equivalent to 5.6 percent of the total points of all 
exam tasks. Eighteen percent of the total points belong to the category of LOCS and eighty-
two percent to the category of HOCS.  

Table 4.4.2.2.4. The distribution of  the maximum grading in the exam tasks according to 
different dimensions of knowledge and cognitive skills. The summary distribution of 
LOCS and HOCS are placed to the last row. 
 
The knowledge 
dimension of 
EXAM tasks 

 
The cognitive process dimensions of  EXAM tasks 

 
Lower-order cognitive skills (LOCS) 

 
Higher-order cognitive skills (HOCS) 

 
Remember 

 
Understand 

 
Apply 

 
Analyze 

 
Evaluate 

 
Create 

Factual 
knowledge 

5.6% - - - - - 

Conceptual 
knowledge - 3.3% - - - - 

Procedural 
knowledge - 8.8% - 41.7% 11.7% - 

Metacognitive  
knowledge - - - - - 28.9% 

 LOCS ∑ 18 % HOCS ∑ 82%  

Table 4.4.2.2.5 includes the comparison between the proportion of LOCS and HOCS in the 
exam tasks and grading of the students’ exam tasks answers. Fourteen students got from 
fifty to seventy-four percent of the total exam points. They are placed into the (50-74) % 
category. Therefore, they all were able to do at least 32 percent (50-18) % of the HOCS 
tasks. The rest of the students were able to do at least fifty-seven percent (75-18) % of the 
HOCS tasks.  

Table 4.4.2.2.5. The comparison of the proportion of LOCS and HOCS of the exam and 
the grading of students’ exam task answers.  
  

EXAM tasks 

 LOCS ∑ 18% HOCS ∑ 82% 
points/total exam task points (%)  < 50%  (50-74)% (75 – 100)% 

Number of students in each category 
according to their results (%) 

0(0%) 14 (70%) 6 (30%) 
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4.4.2.3 Discussions of the cognitive skills and knowledge of the tasks vs. students’ 
understanding 

Overall, the tasks were multifaceted and covered sixty-seven percent (67%) of all categories 
of the Taxonomy Table. Therefore, the tasks gave students a possibility to have practice in 
different levels of knowledge and cognitive skills.  

Thirty-seven percent (37%) of pre-lecture tasks, sixty percent (60%) of post-lecture tasks, 
and seventy-one (71%) of exam tasks required high-order cognitive skills (HOCS). When 
considering the extent and value of the tasks, fifty percent (50%) of post-and eighty-two 
percent (82%) of exam tasks required high-order cognitive skills. Therefore, it can be 
concluded that the tasks were scheduled rightly according to the ability to develop skills and 
knowledge by climbing the ladders of knowledge building, systematically, towards a deeper 
level of understanding. (See Figure 2.3.1.3. The ladders of understanding by Kurki-Suonio, 
1991).  

Comparing the grading of post-tasks to the HOCS and LOCS show that every student was 
able to do tasks, which required HOCS, because forty-one percent (41%) of the tasks 
belonged to the category of LOCS, and everyone’s total points of the tasks were above that 
level.  Eighty percent (80%) of the students had a good HOCS because their grading was 
above 75% of maximum points, which means that they made at least thirty-three percent 
(33%) of HOCS post-lecture tasks successfully.  

The exam mainly tested students’ HOCS because eighty-two (82%) of the tasks required 
HOCS. Thirty percent (30%) of students had a good HOCS because at least they made 
successfully around sixty percent (60%) of their exam tasks from the category of HOCS. 
The rest made successfully at least thirty-two percent (32%) of HOCS tasks.  

According to Zoller (2012), science teaching should increase students’ higher-order 
cognitive skills (HOCS) in order to enhance sustainability in societies. The air quality 
education, and the course under the study, should produce knowledge and skills, which can 
be further transferred to all societies. The results of analysis show clearly that every student 
in the course was able to do the tasks, which required HOCS under the air quality subject 
area. Therefore, the common aim to increase the knowledge transfer in air quality issues 
was achieved. However, the analysis is not able to estimate how much HOCS increased 
during the course. 
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4.5 Final evaluations 

4.5.1 Course evaluation – student 

4.5.1.1 Aim, data collection and analysis methods 

In Constructive Alignment, students’ understanding is deepened, if the different factors in 
education are aligned with each other, and the teaching and learning include activities, 
which engage students into learning. (Biggs & Tang, 2011.) In addition, Biggs (2014) 
highlights that tasks should show, how the outcomes of the course can be achieved. In this 
context, activities such as pre- and post-lecture exercises, weekly exercise sessions and 
workshopping aimed to engage students in learning and serve as formative assessments 
during the course. In addition, it is assumed that knowledge transfer has succeeded if the 
study is able to find signs of changes in thinking or behavior (doing things) and the 
participants are able to apply the new knowledge into a practice or in other ways in new 
contexts (Chapter 2.1.).   

Therefore, the aim of the final course evaluations was to find out the students’ views and 
experiences of how the course activities enhanced their learning, how well the examination 
reflected learning outcomes and what the difficulty level of examination was. In addition, 
how well the course improved their knowledge and skills overall and whether they 
experienced that they have an understanding of why, where and when the knowledge and 
skills acquired during the course can be used. 

The evaluations of these questions were carried out with the same type of evaluation form 
(MCQs) and analyzing methods as used in lecture feedbacks in Chapter 4.3.2.   

4.5.1.2 Results of the students responses in final evaluation 

The results of the analyses in Table 4.5.1.2.1 show that at least seventy-five percent (75%) 
(Percentile rank (25%) ≥4, n=17) of the students experienced that the activities used in a 
course enhanced their understanding of the topics at least at the good level.  

The highest difference between the mean and median was in the statement number 1.d) 
weekly exercise sessions. As the mean is greater that the median, the lower values make the 
distribution of the statement responses asymmetric. However, according to the individual 
responses, only two out of seventeen students felt that weekly exercises did not enhance 
their learning. In addition, two students experienced that the difficulty level of examination 
did not meet their level of skills and knowledge.  

One of the students experienced that their knowledge and skills did not improve at all 
(option fair). Half of the students experienced that their knowledge and skills improved at 
least very well (options very good and excellent).  
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Fifty percent (50%) of the students experienced that they had very good or excellent 
understanding of when, why and where they can apply new knowledge and skills learnt on 
the course. One student felt that his or her understanding of that was fair.  

The Pearson’s correlation coefficients were calculated between the statements number four 
and five, and students’ educational background to find out if the students’ educational 
backgrounds have relationship with their experiences of improvement and understanding of 
usefulness of the learnt content. Students’ educational background was graded with the 
scale: Under graduated university students 2, BSc degree 4, MSc degree 6. The results 
(coefficient r4, E = 0.261, n=17, p=0.312, 2-tailed and coefficient r5,E= 0.350, n=17, p=0.169, 
2-tailed) show that educational background of the students have only weak relationship with 
these factors.  

Table 4.5.1.2.1. Summary statistics of final evaluation responded by 17 students (n=17).  

Statement Mean SD Min P25% Mdn P75% Max 
1. How did the next actions help you in 
deepening understanding of the topics?  

       

a) pre-lecture exercises  4.2 0.8 3 4 4 5 6 
b) lectures 4.8 0.6 4 4 5 5 6 
c) post-lecture exercises 5.0 0.7 4 4.5 5 5.5 6 
d) weekly exercise sessions 4.6 1.0 3 4 4 6 6 
e) workshopping (summary) lecture in the 
end of the course 

5.1 0.7 4 4.8 5 6 6 

f) examination 4.8 1.1 2 4.5 5 6 6 
2. How did the examination reflect the 
learning outcomes (aims and goals) of 
the course? 

4.7 0.9 3 4 5 5.5 6 

3. The difficulty level of the examination 
versus my skills and knowledge level of 
the topics  

3.9 1.2 1 3.5 4 4 6 

4. The improvement in my knowledge 
and in skills in course topics  

4.5 1.2 1 4 5 5.5 6 

5. My understanding of when, why and 
where I can use the new skills and 
knowledge, learnt in the course 

4.6 0.8 3 4 5 5 6 

 

4.5.1.3 Discussions of student responses in final evaluation 

The results confirm that students experienced that the out-of-lecture activities, such as pre-
and post-lecture exercises, weekly exercise sessions, and workshopping, deepened their 
understanding of the topics.   

Overall, the students experienced that examination was in appropriate level in difficulty and 
aligned with the learning outcomes. In addition, majority of the students thought that their 
knowledge and skills improved well and understanding of when to use the acquired 
knowledge and skills was at least at the level good.  
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4.5.2 Course evaluation – lecturer 

4.5.2.1 Aim, data collection and analysis methods 

Lecturers’ views of the course were measured by the questionnaire, which was analyzed 
with inductive qualitative content analysis (Elo et al., 2014).  The information from the 
lecturers was collected by using five open-ended questions in the end of the course:  

1. What kinds of things did you find challenging when planning the course? 

2. What kinds of things did you find successful in your lecture? 

3. How are you going to improve the teaching of your topic next time? 

4. How the process of Air Quality Education project has improved or affected your attitudes, 
skills or knowledge? 

5. Suggestions for improving the course:  

Open-ended questions were chosen as a method because they are important tools for 
researchers in order to find detailed information of the studied topic. In addition, the 
responses are not tided on the categories defined in advance. (Oudejans and Cristian, 2011.) 
According to studies of Geer (1988), open-ended questions are suitable and confident 
method in measuring the attitudes and opinions of respondents.    

Eight out of the nine lecturers answered the questionnaire. After a preliminary reading of 
answers, which were quite short, it was recognized that some themes recurred. Therefore, a 
theme was defined as unit of analysis. Units of analysis were coded according to the 
recurring themes and codes were calculated. Themes and the number of observations of 
each question are presented in a table in Appendix H. The answers to question 5 were 
included in question number 3 according to the similarities of the answers. In addition, a 
table in appendix H includes codes and examples of coding.  

All units of analyses were further divided in four categories: content, teaching skills, 
motivation and interaction as it was done with the student lecture evaluations to be able to 
compare the results with the theories studied and other evaluation responses. The summary 
sentences are based on units of analysis.  Table 4.5.2.2.1 includes the summary of the things 
that lecturers brought up of each category and the proportion of the notifications.  
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4.5.2.2 Results of open-ended questionnaire 

Table 4.5.2.2.1. The categories of lecture course evaluation. 

Category of summated 
themes 

Sub-category of units of 
analysis (code)  

Summary of main notifications of the responses 
(number of units of analysis related to the illustration, 
proportion) N = 70 

Content  Lack of Time (LT) 
Essential content (EC) 
Substitute lecturing (SL) 
Background material (BM) 
Content balance (CB) 
Less content (LC) 
AQ knowledge  (AQ) 
Home tasks (HT) 
Students’ background (BG) 

There was too much curriculum content in a time 
available. In addition, the heterogeneity of the student 
group and a lack of understanding of their background 
knowledge made it difficult to choose appropriate 
content. Therefore, it is important to decrease amounts of 
content, and, especially, spend more time and effort on 
interaction (n=24, 34%)  
It is challenging to teach the topic planned by someone 
else. (n=1, 1%) 
The lack of background material made teaching more 
complicated. (n=1, 1%) 
Studying to teach own topic simultaneously increases 
own understanding of the subject area. (n=1, 1%) 
Some of the additional material can be given as home 
tasks for students before and after the lecture. (n=1, 1%) 

Teaching skills   
 

Future steps (FS) 
Teaching and learning (TL) 
Teaching methods (TM) 

Student centered activities should be increased. (n=8, 
11%) 
It is good to give hints and advises for the further work 
during the lecture. (n=1, 1%) 
It is good to learn of teaching and learning, and to be 
engaged in thinking of teaching in more detail. (n=9, 
13%) 

Motivation 
 
 

Lecture preparation (LP) 
Motivation and interest 
(MO) 
Representation skills (SS) 
Change everything (CE) 
Atmosphere (AT) 
 
 

Well-prepared lectures, own mood, students’ interest on 
topic, and a feeling that is able to deepen students’ 
motivation affect lecturer’s own feeling positively. In 
addition, well-prepared lectures enhance success in 
representation and self-confidence during the lecture. 
(n=8, 11%) 
It is important to build trust between the students and the 
lecturer. However, it is challenging in a course with many 
teachers. (n=1, 1%) 
Planning the course together in groups motivates. It also 
gives feeling that the things done are important and 
meaningful. Alternatively, the group work can lead to the 
opposite if one’s own understanding of the approaches is 
not aligned with others.  (n=2, 3%) 

Interaction  
 

Communication (CO) 
Multiple views and 
collaboration (MC) 
Interaction (IN) 
Feedback (FB) 
Practical Problems (PP) 
 
 
 

Communication and collaboration skills and interaction 
between the participants enhance understanding of 
topics and their relationships, and the course progress. 
From another point of view, if the communication is not 
working, it influences negatively to the whole process and 
do not improve learning. More time should be used for 
interaction in different forms. In addition, more time for 
processing, instead of using time for lecturing and 
showing slides, should be provided for the students. 
(N=12, 17%) 
Feedback is an important tool in improving teaching. 
(n=1, 1%)  
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4.5.2.3 Discussions of lecturer responses in course evaluation 

Approximately one-third of the units of analysis (34%) in lecturer responses were related to 
the relationship between the time available for teaching and the extent of the content. This 
was the main concern in the responses. Although around half of the originally planned 
content was left out of the lectures after the Evening of White Wall Hangings, the number 
of slides and content were experienced to be too wide for the time available. In addition, 
lecturers felt that they did not have enough knowledge of the students’ backgrounds, or they 
recognized that the students’ knowledge and skills were heterogenic. As a result, some 
lecturers told that they speeded up with the slides and lecturing, they had difficulties to 
choose essential content, or they felt that they overwhelmed students with information. The 
Socrative learning platform (Socrative, 2019) was offered for lecturers to use during the 
lecture to find out the students’ level of understanding, but none of the lecturers used it.  

Most of the lecturers commented that they would decrease content for the next course. In 
addition, the activities, which increased interaction between the participants, were clearly 
experienced to make lectures more successful, and the lectures planned to increase the 
interactivity in future lectures. The meaning of interaction overall as an important factor in 
planning phase and teaching came up in 17 percent of the unit of analysis. It was observed 
from the expressions in the answers such as “the motivation level was exceptional”, “The 
group was much more interactive and dynamic than typical in our department” and “people 
were talking together, discussing and solving things together!” Expressions such as “I have 
enjoyed working in a group”, “collaboration has improved my wellbeing”, “It has been 
useful to discuss the contents with someone outside our faculty…” and “I think the worst 
part was the communication with those leading the course” demonstrate how important the 
interaction and collaboration, and the skills to communicate with the colleagues are.  
Findings such as “The less I speak, the less the students fell asleep and the more they learn”, 
“More interaction. Less teaching” and “Let the students process, think and discuss more” 
confirm that active learning methods and interaction are important factors in good lectures.  

Knight and William (2013) investigated the effects of interactive classroom format on 
learning of biology in higher education. Lecturers’ experiences and drawn conclusion in this 
study support the findings of Knight and William (2013). According to the authors, it is 
common that organizers are concerned that interactive methods used in the lectures limit the 
amount of content students study. However, they point out that content is not the most 
important benefit that students will achieve on a good course.  Kitchen et al. (2003) state 
that, in the long run, skills to solve problems and deeper understanding of the threshold 
concepts benefit the students more than small facts and pieces of information.   

Nevertheless, Knight and William (2013) note that a certain amount of content knowledge 
is essential - especially for those, who continue to study in the discipline. The overcome the 
dilemma, authors suggest that students should take more responsibility for learning outside 
the lectures. According to their studies, pre-exercises worked well in overcoming this 
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problem. In addition, it was useful for the lectures to know which issues caused difficulties 
for the students beforehand. Lecturers were able to modify their lecture according to the 
homework feedback. 

In some answers, the lecturers discussed how the different issues influenced their own 
feeling and, therefore, according to them, the learning environment. This expressed feeling 
of some lecturers is in line with the results of literature review of Rodrigo-Ruiz (2016). The 
results show that teachers' emotions affect students'  emotions  and  perceptions,  emotional  
competence,  motivation,  learning  and  academic  achievement, classroom atmosphere, 
and social behavior.   

Some lecturers commented that the well implemented planning of lectures influenced their 
own feelings and self-confidence - as well as Monday morning mood did in one response. 
According to Sadler (2013), if teachers feel that their content knowledge is too low and they 
have to teach in unfamiliar setting, the situation influences on their self-confidence. In that 
case, teachers often use more teacher-centered approaches in teaching. According to the 
study, some teachers told that a fear of being asked a question, which they are not able to 
answer, avoid using more interactive methods. Unfortunately, this has an influence on 
learning by making it more difficult to reflect and develop knowledge in a classroom. 

However, the atmosphere in the classrooms and the teaching skills of the lecturers were 
mostly found to be at least at a good level. Therefore, it appears that the feelings of some 
individual lecturers did not negatively influence the students’ experience of the lectures. 
Nevertheless, it might have had an influence on implemented teaching approaches. Thirteen 
per cent (13%) of observations indicated that lecturers felt that it was good to learn from 
learning and teaching, and the process somehow increased their teaching skills.  

4.5.3 Effectiveness of the course 

4.5.3.1 Aim, data collection and analysis methods 

Based on the studied literature, it was defined for this study in Chapter 2.1, that the 
knowledge transfer has succeeded and one has learned, if  

a) the study is able to find signs of changes in thinking or behavior (doing things),  

b) the participants are able to apply the new knowledge into a practice or  

c) they apply the new knowledge other ways in new contexts. 

Therefore, the open-ended student questionnaires in the beginning and in the end of the 
course aimed to find signs of these factors, and to find out how effective the course had 
been. Especially, how the course has influenced on students’ thoughts about air quality, are 
they motivated to enhance their understanding of air quality issues, and whether students 
experienced that the knowledge and skills acquired were going to be useful for them in the 
future.  
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The open-ended questions were considered the best method because they do not guide the 
responders’ answers as much as the more guided methods could do (Geer (1988); Oudejans 
and Cristian (2011).   

The first questionnaire included following questions: (1) Why did you choose this course?, 
(2) What is air quality?, (3) What does air quality mean to you?, and (4) How do people in 
your living environment (for example family, friends, officials, and politicians) react to air 
quality problems? 

The first question aims to find out, why the course was chosen and to later find out if it had 
any impact, for instance, on course engagement.   

The responses were very short and showed clearly four different reasons to participate the 
course: topic of the course was interesting (TI), students had will to increase own knowledge 
and skills on air quality issues (KS), the course was compulsory (CC) and students had will 
to improve air quality (WI). Therefore, the different reasons to participate the course, as one 
response from each responder, were considered unit of analysis. The coded reasons were 
calculated and categorized as shown in Table 4.5.3.2.1. 

Question number two, What is air quality? was meant to produce information of students’ 
understanding of the concept air quality in the beginning and in the end of the course and 
find out the changes in thinking by comparison of the answers. After various readings, the 
theme was selected as unit of analysis and themes were calculated and categorized. (See 
Table 4.5.3.2.2).  

Questions number three and four were planned to create an understanding of the students’ 
own relation to air quality and how they experience that people in own community and 
living environment react on air quality. The answers to the questions number three and four 
were connected.  Themes, based on aims and observed in responses, were divided into three 
categories: personal experience of air quality, personal worry of air quality and worry of 
community in surrounding living environment. The categories were divided into three 
levels: 0 None/no information, 1 Moderate and 2 Strong.    

Students’ thoughts about the meaning of air quality for them, and the usefulness and 
effectiveness of the course in the end of the course are shown in Table 4.5.3.2.3. The results 
were calculated and categorized from the questions of What does air quality mean to you?, 
How have the new knowledge and skills acquired at the course affected your life?, and How 
do you think that the new skills and knowledge affect your life in the future?. Some 
responders repeated the same sentences in the questions. Therefore, the responses were 
combined and the repeated responses were counted only once. As all the questions were 
formulated the way, how the issues are related to the students, the answers were categorized 
as statements.   

The answers to the questions What worked best? and What could we do better in the future? 
were categorized according to recurring themes.   
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All the analysis of open-ended questions was carried out by the inductive content analysis 
(Elo et al., 2014).  

4.5.3.2 Results of open-ended student questionnaires 

The main reasons to participate in the Air Quality in a Changing World course (See table 
4.5.3.2.1.) were topic interest (35%), a will to increase and broaden knowledge and skills 
on air quality issues (30%) and the fact that the course was compulsory (20%). Two students 
(10%) wrote that they had a will to affect air quality issues in societies by policymaking or 
communication. They expressed their will with the words such as “I am interested in solving 
air quality problems” and “I would like to be involved in science 
policymaking/communication”. Four of five students, who chose the course because it is a 
compulsory course, were also strongly experienced in poor air quality and three of them 
were very worried about the air quality situation (See the table 4.3.2.2.). Furthermore, four 
of them were highly motivated (The level of motivation: option 6=excellent) in the 
beginning of the course – the motivation of one student was fair (option 3=fair). Overall, 
the students’ motivation was very high in the beginning of the course (Mean=5.5, SD 0.91, 
n=14) regardless of students’ background.  

 

Table 4.5.3.2.1. The reasons of students to participate the Air Quality in a Changing 
World course. The number of responders was 20. 
 
 
 
 
N=20 

Topic interest (TI) 
 
  

n (%) 

Will to increase 
own knowledge 
and skills (KS) 

n (%) 

Compulsory 
course (CC) 

 
n (%) 

Will to improve air 
quality (WI) 

 
n (%) 

Reason to choose 
the course 

7 (35%) 6 (30%) 5 (25%) 2 (10%) 

 

Table 4.5.3.2.2. Students’ personal relation on air quality (questions 1. and 2.) and how 
they experienced the concern of community on air quality issues in their own living 
environment in a beginning of the course. The number of responders was 20. 

N=20 None/No information Moderate Strong 
1. Personal experience of poor air 5 (25%) 4 (20%) 11 (55%) 
2. Personal worry of air quality 5 (25%) 4 (20%) 11 (55%) 
3. Concern of community 9 (45%) 5 (25%) 6 (30%) 

 

Surprisingly, fifty five percent (55%) of the students had experienced air pollution strongly 
and twenty percent (20%) moderately in their life. The expressions such as “Every day, we 
have to deal with the aftermath of being out in the polluted area”, “I’ve lived in extremely 
polluted places and it really affects health/mind” and “we face serious problems about air 
pollution”.  
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Seventy-five (75%) of the students were worried about the air quality situation. In many 
responses (35%), they brought up the ignorance of community on air quality issues: ”the 
issue is largely ignored”, “environmental problems are not in a political agenda”, “it is not 
a big deal” and  “…are not prevalent in every discussion, or even in the speeches by 
politicians”.   In as many responses (35%), the worry of community was observed: “…really 
care about it” and “They are aware of bad air quality but have to live with it”. 

Table 4.5.3.2.3 shows the analysis of the responses to the question What is air quality?. The 
analysis shows that there were no major differences in the ways the students illustrated air 
pollution in the beginning and in the end of the course. The most common illustrations were 
related to the condition of the air - good or bad, and the definition such as “number of 
pollutants in the air”. Most answers did not include detailed information, such as what the 
good or bad condition refers to, which factors have an impact on air quality and how it 
influences the environment and people.  “The term covering properties of the air”, “can be 
referred to concept of air condition…” and “Air quality is how good /clean the surrounding 
air we breathe is” are typical examples of the answers.  The rest of the responses were 
heterogeneous and dispersed. Twenty percent (20%) of the students related air quality to the 
human health and five of them, in addition to that, to the condition of living environment. 
Two students expressed a wider and holistic perspective on air quality in the beginning. 
They related air quality to the factors such as forests, water, cars and to the quality of life 
overall.  

The only difference between the answers in the beginning and in the end of the course was 
that in the end, students expressed that they have deeper understanding of how the variables 
in air are considered when measuring air composition and its’ quality. This was expressed 
in forms as “a sum of many variables” and “good value of AQI…”.   

 

Table 4.5.3.2.3. Comparison between the question What is air quality? in a beginning and 
in the end of the course. Number of responders was 18 in the first questionnaire and 15 in 
the final questionnaire.  Total number of unit of analysis in the beginning (N=46) and in 
the end (N=39) 

Theme Number of unit of analysis in the 
beginning n (%) 

Number of unit analysis in the end 
n (%) 

Condition of air  (CA) – good or bad,  
The measure of harmfulness, 
hazardous and/or safety.  

11 (24%) 11 (28%) 

Heath perspective (HP) 9 (20%) 7 (18%) 
Environmental perspective (EP) 5 (11%) 4 (10%) 
A number of pollutants in the air (PA) 7 (15%) 7 (18%) 
Visibility (VB)  1(3%) 
Determined from many harmful 
compounds and in different 
ways(MHC) 

 5 (13%) 
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Theme Number of unit of analysis in the 
beginning n (%) 

Number of unit analysis in the end 
n (%) 

Number of certain particulate matter 
in a volume or composition of air (PV) 

5 (11%)  

Type of sources and pollutants (TP) 5 (11%) 1(3%) 
Related to the region (RR) 1 (2%)  
Pollution is modified in the 
atmosphere (PM) 

1 (2%)  

Research area (RA) 1 (2%)  
Quality of life (QL) 1 (2%) 2 (5%) 
Related to politics (RP)  1 (3%) 

  

In the end of the course, students clearly expressed (100% of students) that the most 
important meaning of air quality for them is its impact on health. In addition, four students 
brought up their thoughts of how air quality effects on their life in other ways, such as on 
their mind, happiness, and to society over all. Three students wrote about environment and 
one pointed out the meaning of air pollution impacts on global weather and climate. (See 
table 4.5.3.2.4).  

 

Table 4.5.3.2.4. The meaning of air quality for the students in the end of the course, 
and usefulness and effectiveness of the course according to student feedback. The 
number of responders was fifteen (N=15). 
Statement Number of responders’ answers related                    

to the statement n (%) 
Meaning of air quality to me. 
It effects on: 

 

Health  15 (100%) 
Ecosystems 3(20%) 
Life quality overall 4 (27%) 
Global weather, climate 1 (7%) 
The effects of the course on my life  
My understanding of my own relation to air quality and its 
impacts deepened 

8 (53%) 

My air quality knowledge and skills increased 8 (53%) 
I want to contribute towards better air quality 8 (53%) 
The course created a good bases for my future studies 
and work 

7 (47%) 

My understanding of air quality got wider perspectives 3 (20%) 
I pay more attention to air quality issues 3 (20%) 
My understanding of air quality policy increased 2 (13%) 
The course has a positive effect on my life 1 (7%) 
I do not know how the course affects me and my life 1 (7%) 
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The results indicate significant positive signs of ownership growth on air quality issues. 
Around half of the responders (53%) expressed that their understanding of their own relation 
to air quality issues has deepened during the course. The course affected their life in the 
ways such as: “It has made me look more critically at my surrounding”, “I have better 
understanding of the health effects these compounds/particles have on me”, “I change the 
air in my room regularly”, “I have become more aware of pollutants…I never thought about 
how much, for example traffic pollutants nearby…” and “I have understanding when I check 
AQI…”.  As many brought up that their knowledge and skill of air quality increased and 
forty percent (47%) wrote that the course created important and good bases for their future 
studies and work.  

Other significant and positive signs were the number of responses, which showed the will 
to contribute towards better air quality. In the beginning, two students expressed that will, 
and, in the end, the number was eight (53%). Unfortunately, only three students responded 
that their view and perspective on air quality issues became wider.  

The lectures were mentioned four times and interactive lectures twice as the practices that 
worked best in the course in last open-ended questionnaire responses (See the table 
4.5.3.2.5). As all the lectures were investigated to be interactive in the chapter 4.3.1.3., it 
can be concluded that seven out of the fifteen students (47%) experienced that the interactive 
lectures worked best in the course. It was expressed with the words such as “The group 
discussions were very effective way of exchanging information and experience”.  

All the other answers to the questions What worked best? and What could we do better in 
the future? diverged very much. In addition, some expressions reflected totally opposite 
experiences of the same issue. For instance, two off the responses expressed that different 
subject areas should be better bridged and one student stated that this was the issue, which 
worked best in the course. In addition, two of the students expressed the usefulness of pre-
exercises as “The PLE brought up how well the smaller units of subject areas were related 
with each other as they are very nice, since you don’t start from zero, and learn more” and 
“The pre lecture exercises were great for setting you into “tone” of the upcoming topic”. 
The opposite experience was expressed as, “PLEs are really useless, sometimes stupid”. 
Altogether, four students responded that they experienced out-of-lecture tasks very useful. 
In contrast, three students responded that either the tasks or exam were too easy and not so 
meaningful. However, one student asked for better concept explanations because she or he 
is not familiar with the subjects and another student highlighted how helpful the exercises 
and the help of assistants were in solving the problems. 
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Table 4.5.3.2.5. Results of students’ responses to the course development: What worked 
best and what could we do better in future? Number of responders was fifteen (N=15).  

What worked best? How to improve the course?  
Theme n (%), Theme n (%) 
Interactive Lectures 6 (40%) Lectures should bridge 

better 
2 (13%) 

Linking the different 
subject areas in the course 

1 (7%) Less slides in lectures 1 (7%) 

Useful new information 1 (7%) Better concept definitions 1 (7%) 
Out of the lecture Tasks 
and exam 

2 (13%) More team work and 
interaction 

1 (7%) 

Pre-lecture exercises 
(PLE) 

2 (13%) More meaningful and 
difficult  tasks and exam, 
such as weekly report and 
learning via internet 
searching  

3 (20%) 

Using models 1 (7%) Supporting material such 
as books and journals 

1 (7%) 

Course schedule 1 (7%) More use of models 2 (13%) 
Assistants work 3(20%) Better course schedule 1 (7%) 
All worked well 3 (20%) No improvements 3 (20%) 

 

The results for the last questions reflect the diversity of the students’ background. Some 
students experienced the exercises too easy and meaningless, while others experienced them 
helpful. The diversity can also be observed in the summary statistics in Table 4.5.1.2.1. The 
mean value in the statement My difficulty level of the examination versus my skills and 
knowledge level was: was 3.9, standard deviation 1.2 and minimum value was one. This 
reflects that some students experienced the exam too easy or too difficult. However, the 
answers related to other out-of-lecture tasks reflected the usefulness of them regardless of 
students’ background. Even in the pre-lecture exercises, the minimum response was 3 (fair) 
and only one students did not experience any improvement in his or her knowledge and 
skills.  

4.5.3.3 Discussions of course effectiveness 

The responses to open-ended questions in the beginning of the course show that most 
students on the course were well motivated and interested in the topics. Surprisingly, most 
of the students had experienced poor air and it had influenced their lives. It appeared that 
mostly for that reason they were worried about the impacts of poor air on health and 
environment. Therefore, their interest on the topics and will to increase knowledge and skills 
on air quality issues appear reasonable and meaningful. This finding supports the studies 
carried out in the chapter 3 and the view of Hungerford and Volt (1990), which highlights 
the meaning of ‘ownership’ in the environmental issues. People, who ‘own’ the 
environmental issue, are also responsible for the environment.  

According to the literature review conducted in Chapter 3, in addition to knowledge and 
awareness of air quality and its impacts on environment and health, there are other important 
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key factors that engage people on air quality. They should be considered in education. 
Therefore, it is important to evaluate how the course succeeded in building deeper 
engagement on air pollution issues.  

The findings of the literature review underline the importance of building an ownership and 
self-interest to create meaningful engagement and responsibility for the environment.  

According to the results, the course increased students’ understanding of how air quality 
and health are related and influence their life - also within those, who were not experienced 
the impacts of poor air earlier or it was not a great concern to them. Therefore, it can be 
assumed that course have succeeded in increasing students’ ownership and self-interest for 
air quality. 

Huang (2014) states that even some setbacks could be needed to have meaningful 
engagement on air pollution issues and Roth (1992) expresses that the changes in 
environmental issues require people to become aware either emotionally or cognitively 
about human impacts on nature and understand their personal responsibility in it. In fact, it 
is a challenge to fulfil this aim, for instance, in the countries with good ambient air quality.  

However, it can be assumed that most of the students have experienced many indoor air 
problems such as tobacco smoke, molds, dust, cooking, heating, etc. Therefore, the tasks 
and lecture contents related to such issues may have increased the students’ engagement. 
The requirement of personal experience is also aligned with the teaching philosophy of 
Kurki-Suonio (2011), which states that awareness of meanings is necessary in 
understanding. Meanings are built during the perception process, which requires interaction 
between nature and the mind.  

According to the results of the literature review presented in Chapter 3, people should feel 
empowerment in front of problems and sense that they are able to make changes and help 
in resolving air quality problems.  It is also important to link the social and economic aspects 
together with air quality science aspects. Students should have an understanding of how 
different sectors of air quality bridge and impact on each other.  

The growth of will to contribute towards better air quality during the course and the effects 
students told that the course have already had on their life, are positive signals of this aim. 
In addition, these signs of changes in thinking or behavior and the participants’ clear 
expression that they are able to apply the new knowledge into a study, research and work 
show that an understanding of air quality issues and their impacts have increased.  

In addition, it can be assumed that, although the topics of the course were concerning, the 
lecturers were able to build trust that the solutions for air quality problem are available. 
Therefore, it can be assumed that the course included factors that turned the negative 
ownership into a positive one. 

According to the literature review, environmental education should also increase 
international responsibility and world ownership for protecting nature, built environment 
and air. Therefore, the education can support people’s well-being overall. 
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Some open-ended responses pointed out, that students’ understanding and interest on air 
quality policy increased during the course. In addition, despite the background and 
experiences of poor air, the will to contribute towards better air quality increased. These 
findings indicate that students felt international responsibility towards air quality. 

The other key factors are added to the suggestions for course improvements in Chapter 4.7. 

Unfortunately, despite interest and experiences on air quality and the great number of 
integrative characteristic of tasks (n=43, 46%) in exercises, the majority of the students, 
according to open-ended questions, did not appear to have a structural knowledge and 
holistic view of air quality in the beginning and in the end of the course. The observations 
indicate that they had difficulties to explain, how the concept air quality can be defined. The 
responses to the question What air quality means to you? strengthened the observations.  

It also appeared that students have tried to summarize the concept explanations as compact 
as possible. However, the question was not formulated to find a definition but rather a wider 
explanation of the concept.  

However, according to the assessments of out-of-lecture activities (See chapter 4.4), most 
students were able to do well Higher-Order Cognitive Skills (HOCs) exercises and the 
number of integrative problem solving tasks were forty three, which is forty six percent 
(46%) of all tasks. Therefore, the results of open-ended questions and task analyses indicate 
contradiction. Moreover, most students felt that the lectures and the exam were at an 
appropriate level of difficulty and their knowledge and skills under the course topics were 
improved. They also felt that their understanding of how to use and apply the knowledge 
and skills learnt in a course improved. Therefore, the results indicate the growth in air quality 
understanding. 

These results strengthen the views of Dochy, Segers and Buehl (1999) that the pre-
knowledge assessments often only offer a snapshot or highlight a portion of what students 
truly know at a particular point in time. They suggest diverse methods, such as interviews, 
recognition measures and complete characterization of prior knowledge, in assessing 
students’ pre-knowledge. More diverse pre-knowledge evaluation methods should be 
implemented to find out the improvement in students’ air quality understanding.  

Although the students have estimated their English language skills quite high (fair 3, good3, 
very good 7, and excellent 7), the observations indicate that they did not always find proper 
words to express their thoughts or the question was not completely understood. This 
certainly has had an influence on answers and to their interpretation. According to Dochy, 
Segers and Buehl (1999) it is also important to recognize that the evaluators often interpret 
misunderstanding in answers as students’ misconceptions, which means that students have 
understood the idea of the issue but they are not able to convey the idea correctly. This factor 
need to be considered - especially, when students are not able to response with their own 
mother language. Therefore, the results of open-ended questions overall need to be 
interpreted with caution.  



233 
 

 

Students’ feedback from the single lectures indicates that they experienced that the 
structures and the clarity of the lectures were good. (Question number 5, The structure and 
clarity of the content was, 3.67(good) < M < 5.07(very good), SDmax=0.98). As well, the 
students experienced that the workshopping lecture, which handled all subject areas in one 
lecture, was very good (M=5 (very good), SD=0.68, n=13).  

However, parts of the findings indicate the difficulties to find bridges between the different 
subject areas and to transfer the knowledge in an interdisciplinary field. Although the single 
lectures were well structured and aligned with the outcomes, and the building of holistic 
view was considered in all planning phases, the results indicate that more effort on bridging 
is required.  

4.6 Discussions of course successes in a nutshell  

This chapter summarizes the findings that strengthen the earlier research views of successful 
teaching and learning. In addition, other important issues that have emerged in this study 
are discussed.    

In the beginning of this research and the Air Quality in a Changing World project, the target 
group of the air quality course was not clear. Nevertheless, the participants of the planning 
phase worked in a high-level multidisciplinary collaboration to answer the questions what, 
to whom, by whom, how, and with what effect the air quality knowledge should be 
transferred. In addition to the collaboration within the own organization, the collaboration 
with other stakeholders, such as the members of Nanjing Workshop, was involved.  

The Work and Research Group actively worked in building the holistic view of air quality 
in a collaboration with the experts. The curriculum of the course was carefully planned and 
it was widely discussed in large contexts and in different groups.  A Lot of effort was put 
into building well –organized knowledge and focusing on large themes of causes and effects. 
The willingness to collaborate was mostly observed in the participants’ responses.  

The Work and Research Group wanted to respect the lecturers’ autonomy in planning and 
teaching. Therefore, they only provided suggestions of the teaching tools and those 
elements, which could be useful in a course planning and teaching, for the lecturers. 
Lecturers set the learning outcomes in advance, which follow the suggestions of Spelt et al. 
(2009) and references therein. They developed teaching methods, clearly wanted to increase 
interaction, implemented active lectures and planned multifaceted tasks for the lectures as 
well as for the activities outside the lectures. Therefore, and according some responses, the 
lecturers were willing to learn more about teaching and learning, and contribute to the 
understanding of air quality.  

The students achieved the outcomes of the course very well. The final course grading is 
illustrated in Figure 4.6.1.1. In addition, none of the students quit the course, which is quite 
unusual in the university context. All students were also able to carry out successfully the 
tasks, which required high cognitive skills (HOCS) and high level of knowledge.  
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Figure 4.6.1.1. The final Grading of the Air Quality in a Changing World course.  

 

According to the students, the lectures were well structured, and the examination was in 
appropriate level in difficulty and aligned with the learning outcomes. In addition, their 
knowledge and skills improved well and understanding of when to use the acquired 
knowledge and skills was at least at the level good. It can be concluded that actions 
implemented in the planning and course implementation phases succeeded in supporting the 
achievement of the course outcomes. In addition, the clear curriculum structure aided in 
creating a good learning environment.  

The analyses showed that students’ motivation on the course stayed high over the course 
period. They also experienced that the atmosphere in the lectures was at least good. 
Therefore, it can be assumed that the implemented educational design principles, which 
were based on previous educational literature, had affected the course positively and 
strengthened the results of previous studies.  

The National Research Council (2000) highlights that motivation increases if the new 
information has an impact on students’ community. Surprisingly many students on the 
course had experienced poor air. Therefore, they had an ‘ownership’ of air quality issues 
already in the beginning of the course. Moreover, their will to contribute towards better air 
quality increased during the course. Therefore, the results indicate that the course succeeded 
in increasing the students’ ownership of air quality and the motivation to understand air 
quality better.  
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The study of Bressan et al. (2008) showed that social processes are the key element in 
learning. The lectures were experienced as interactive and they were observed to have a 
strong impact on the students’ motivation. In addition, the students experienced that 
lecturers were interested in their learning and, additionally, the out-of-lecture activities, such 
as weekly exercise sessions and workshopping, were experienced to deepen the 
understanding of the topics.  However, more teamwork was suggested in some student 
responses.  

Spelt et al. (2009) state that the learning tasks, in which the students need to apply 
knowledge, rather than memorize facts, assist in learning. In addition, such tasks provide 
experiences on inquiry activities applicable in interdisciplinary context. According to the 
analysis, the pre-and post-lecture exercises and tasks were multifaceted and rightly 
scheduled. They gave students a possibility to practice their knowledge and cognitive skills 
at different levels and apply the new knowledge acquired in the lectures. In addition, 
students experienced that the given tasks enhanced their learning and supported them in 
understanding how to use new skills and knowledge in the future. However, the tasks could 
have been better expressed and formulated.  

The findings support the conclusions of Cooper, Robinson, and Patall (2006) in the study of  
Does homework improve academic achievement?. The study was conducted in the United 
States between the years 1987 and 2003.  The findings show that homework (out-of-lecture 
tasks in this context) positively influences academic achievement. Moreover, according to 
Epstein and Voorhis (2001), tasks engage students in learning, help them in getting prepared 
for the topic of the next lesson or test, and support them in self-development. They provide 
students opportunities to practice skills taught in class and to apply specific skills and 
knowledge acquired in class. In addition, the tasks develop and make students' talents 
recognizable, and increase students' interaction outside of class. 

Many tasks were related to real-life phenomena. Tasks also included activities such as 
everyday observations and applications of the new knowledge. According to the National 
Research Council (2002) such tasks help students learn the conditions under which the learnt 
knowledge and skills are most useful.  

Students experienced that they had enough time to adopt information during the lecture. 
However, many lecturer responses express hurry in the lectures. According to the National 
Research Council (2002), the appropriate pace during the lecture is essential in learning. 
According to responses, the lecturers were able to observe the students’ feelings about the 
pace because they changed their plans. For instance, they left some content out and followed 
the natural pace of students’ learning.  
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4.7 Discussions of improvement suggestions  

Question number 20, How is all the feedback handled so that the improvements can take 
place?, in the core practice framework (See Chapter 2.4), highlights that it is important to 
discuss how the new knowledge, gained in the evaluations, should be transferred forward to 
provide the best benefit for the next courses.  

Lecturers got an immediate response right after the lectures. Parts of the evaluations were 
analyzed faster and the summarized results were sent to the lecturers. In addition, parts of 
the results were discussed in the Work and Research Group. Therefore, the responsible 
teacher, who was also a member of the Work and Research Group, was able to transfer the 
new knowledge, gained during the research process, to the lecturers and assistants of the 
following courses. It is good to notice that this study did not investigate the knowledge 
transfer of the feedback to the following courses, although the results of this study were 
used to improve later course implementations.  

This chapter focuses on the suggestions for the course improvements and their explanations. 
Therefore, it aims to answer question number 21 in the core practice framework: What kinds 
of modifications are needed to improve education? The suggestions are based on the 
findings of the empirical part and educational research.  

The interdisciplinary characteristic of the course and this study means that both the 
empirical part and the implemented literature reviews naturally provide new knowledge for 
the wider scientific community. It can be assumed that most of the knowledge useful in the 
air quality context could be useful and applicable in other related contexts, such as in 
environmental education, which handles other environmental challenges, too. Therefore, 
discussions and conclusions in this chapter and in Chapter 5  also provide answers to 
question number 22 in the core practice framework: What new knowledge is suitable to 
share with a wider audience? 

It is good to notice that the empirical part of the study only focused on investigating how 
the knowledge is transferred on a multicultural and multidisciplinary scientific course, but 
it did not investigate the knowledge share to a wider audience such as the public or 
policymakers. Therefore, the wider audience in question number 23, How to transfer the 
knowledge gained to the wider audience? refers to the investigated course in this context. 
However, the significance of the knowledge transfer to a wider audience became clear 
throughout the study, especially in the studies of air quality history. (See Chapter 3).  

The improvements in the following chapters are categorized, as the key elements of 
successful lectures, into five topics: content, teaching skills, motivation, interaction, and 
engagement. 
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4.7.1 Content 

 

1. Less content and a more coherent framework 
 

The content of the interdisciplinary course needs to be coherent, both in single lectures and 
the course overall. According to the feedback, single lectures had too much content, but they 
were well structured. However, some feedback indicated that the framework of the course 
could be more coherent.  

Building a more detailed knowledge structure of one’s own subject area, figuring out, which 
subjects and concepts are the most important ones, and in which order they should be taught, 
could help in decreasing the content and make it even more coherent. For instance, using 
the ladders of understanding (Kurki-Suonio, 2011) as a tool for knowledge building and 
defining the core and threshold concepts (Meyer and Land, 2003) could aid in finding the 
most important topics to learn and leaving less important contents out.  It is good to consider 
that gaps in the knowledge structure may prevent the progress of the learner (Meyer and 
Land, 2003). Therefore, careful development of the knowledge structure is important.  

However, the issues under the air quality subject area are, in some parts, multidisciplinary 
and, in other parts, interdisciplinary. Therefore, this characteristic requires that the experts, 
in cooperation with each other, identify which combined issues form a complete and 
coherent conceptional structure and support deeper understanding of the topic under 
examination. The teaching should increase integration and bridging of different 
perspectives, rather than offer multiple viewpoints (Goldsmith et al., 2018). The design of 
this study The modern framework for air quality education (MEDF) (Chapter 5.3) hopefully 
supports and enhances the planning and implementation of the following courses.  

The models of interdisciplinary process of Klein (1990), Newell (2007) and Szostak(2002), 
as cited in Repko (2006), and a model of Repko (2006) all include steps where teaching and 
learning of interdisciplinary subjects are advanced by studying and gathering relevant 
knowledge by the detailed literature review and integrating the multiple subjects to more  
comprehensive and integrative analysis. Based on their research findings, it can be assumed 
that the literature reviews I conducted of the holistic understanding of air quality and the 
history of air pollution (Chapter 3) support students, as well as experts, in creating a more 
coherent structure of air quality. In addition, it can assist in avoiding the gaps, emerged on 
the investigated course, in future implementations.  

Although a lot of time was used in building the holistic view of air quality in the design 
cycle, most of the time was used considering the most important topics for individual 
lectures and on the development of aligned outcomes and curriculum. More detailed 
knowledge building of air quality as an interdisciplinary whole, and by investigating the key 
concepts and relations of them at knowledge level one (No pre-knowledge on air quality 
issues) could deepen the holistic understanding of all participants. In addition, it could 
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support, for instance, politicians and other stakeholders in creating a bigger picture of the 
air quality phenomena.  

Therefore, increasing collaboration between the experts is a necessary action in choosing 
the most essential contents for the lecture curriculum, making the framework of air quality 
more coherent and keeping the extent of the content reasonable.  

Getting familiar with Interdisciplinary Team Teaching could support lecturers in the 
teaching process, and especially, build and strengthen lecturers’ self-confidence as teachers.  
Buckley (2000) defines Team Teaching as a pedagogical technique, where a team owns the 
role of instructor, instead of an individual teacher. The team works purposefully, regularly, 
and in cooperation in order to advance the students’ learning and to set goals and strategies. 
In addition, the technique provides students with more active role in learning. According to 
Buckley (2000), teachers should attend several class sessions to observe, interact, question, 
and learn from each other. The Air Quality in a Changing World course was planned by a 
group of faculty members, but the lecturers taught the lectures individually.  

Stewart and Perry (2005) highlight that reflective teaching can enhance Interdisciplinary 
Team Teaching. In reflective teaching, communication between the teachers is crucial. In 
addition, it is important that teachers have the will to learn from each other and develop the 
practice. Therefore, as Stewart and Perry (2005) conclude, implementing forms of 
communication, such as workshops, where lecturers can share and discuss their teaching 
ideas and experiences openly and with trust, enhances interdisciplinary teaching.  

The Evening of White Wall Hangings with lecturers and the discussions in different kinds 
of configurations with the lecturers in the course planning phase are in line with the 
recommended reflective teaching methods.  However, using such methods, for instance, 
after the course, could support lecturers in their teaching and develop the course overall. 
Stewart and Perry (2005) highlight that the organizer should provide teachers with enough 
preparation time and regular forums for their development. 

The lecturers and planning groups should consider the time available for the course when 
defining the outcomes and the number of topics in the lecture and on the course. In addition, 
less conceptually difficult knowledge could be studied as out-of-lecture tasks. Especially 
including that kind of knowledge in pre-lecture tasks could help those who are not as 
familiar with the topic to get into it.  On the other hand, more challenging content could be 
given to those who are already familiar with the topics and seek challenges. This may also 
prevent frustration.  

In some responses, the lecturers enthusiastically expressed their personal experiences and 
impressions of the overwhelming amount of content they should and/or would like to teach, 
although they do not have enough time for that. However, it appears that the lecturers only 
need to overcome this contradiction and make compromises within the topics. Possibly, 
teamwork and discussions could help with solving the problem.   
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2. Task improvements 
 

The analyses did not show how much the holistic understanding was improved during the 
course. This is partially due to the often unclear feedback that was received. However, the 
tasks implemented during the course required high cognitive skills and knowledge, and 
around half of the task types were integrative. Every student succeeded in doing such tasks. 
Therefore, it can be concluded that the students were able to analyze and evaluate 
knowledge, create new knowledge under the air quality topic, and were able to integrate the 
different subject areas of air quality together.  

These results support the view of Miller (1981), who states that integrative thinking is 
essential in solving environmental problems.  According to Miller, integrative thinking 
refers to an ability to recognize complex relationships and approach problems in new ways, 
and to open-mindedness. He states that the most effective method in teaching is to include 
an increasing number of carefully graded problem-solving exercises, which progressively 
bridge the different fields of specialization. However, he reminds that the students must be 
provided with adequate time to make connections between the pre-existing and new 
knowledge to create higher-level concepts, which form the basis for integrative thinking. 

Increasing the interdisciplinary level of tasks requires team planning and deep 
understanding of the air quality knowledge structure. It could be useful to use the method 
of  Tikkanen and Aksela (2012) (See Chapter 4.4.2) in mapping the types and levels of 
knowledge and cognitive skills already in the planning phase to make the distribution of the 
task types more visible. It also helps to recognize whether the tasks are aligned with the 
learning outcomes. In addition, the task structures and the language should be clearer. Pre-
testing the tasks before the course could enhance understanding of the assignments.  

4.7.2 Teaching skills 

The teaching methods in a course were multifaceted and students evaluated the level of 
lectures high. However, the settings of the lecture environments could be more student 
centered and more active, as was written in some responses.  

Especially, in the context of this course, the student group consisted of students who already 
had knowledge and skills of air quality and related subject areas in the beginning of the 
course. It is good to notice that the student can be the ‘owner’ of the important knowledge 
and skills. Therefore, mapping out students’ pre-knowledge and skills in the beginning of 
the course guides teachers in selecting the suitable methods and levels for teaching. 
Activating students’ knowledge in the lecture and giving students a possibility to bring their 
experiences to the learning environment could engage students, as well as lecturers, in 
learning. In addition, an active learning environment enhances knowledge transfer and the 
bridging of different subject areas. Especially, if the student group is very heterogeneous, 
the lecturer could harness students to be active and learn from each other.  
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Figure 4.7.2.1 describes the idea of moving from teacher-centered, traditional lecture 
environment to collaborative and active learning and teaching environment where every 
participant can be the ‘owner’ of the knowledge and skills. Learning from others and sharing 
the learnt knowledge support collaboration and innovation. The context of Air Quality in a 
Changing World course was closest to illustration C in the figure. However, as the 
responsible teacher followed each lecture and discussed the feedback given by the students 
with the lecturers immediately after the lectures, lecturers had a possibility to share their 
experiences, and discuss the feedback and the possible improvements. Therefore, the setting 
included some features from illustration D. In addition, the experts worked in various 
combinations to form a curriculum for the course and for the individual lectures.  

The students were familiar with air quality issues by real-life experience and they already 
had a lot of air quality knowledge in the beginning of the course. Therefore, by mapping the 
pre-knowledge better, the teaching environment could have been geared more towards 
illustration D. Such an environment with interdisciplinary, interactive teaching methods, 
and low hierarchy could have enhanced the development of the coherent knowledge 
structure of air quality better. However, prior planning among the experts is still necessary.  

 

 

   
Figure 4.7.2.1. The shift from traditional learning environment to the active team learning 
and teaching in a reflective and collaborative multi- and interdisciplinary learning 
environment. In a reflective learning and teaching environment all the participants observe, 
interact, question, and learn from each other. Together, they find bridges between the 

Multi-directional interaction 
Low collaboration level 

 

No Interaction 

 
 

Lecture-student 
Student-student 

Interaction 

 

 
 

            
           Active      team teaching and       learning 
   Reflective     multi-directional and       high level 

collaboration 

 

 

Expert 

Lecturer – owner of the 
knowledge 

Students – mass of empty 
vessels 

Lecturer – owner of the 
knowledge 

S 
pk 

S
p
k 

S
p
k 

Expert 

Expert  

Student – owner of the 
knowledge 

 Student - pk 

Student –                     
owner of the 

 

 

Prior planning in teams 

 Expert  Expert Expert 

Change in collaboration, 
hierarchy and resources, 
such as funding and time. 

 
 

Lecturer - owner of the knowledge 

S
p
k 

S
p
k 

S 
pk 

A Traditional  B Lecturer conducted C Team conducted 

D Interdisciplinary team teaching and learning 



241 
 

 

different subject areas and create more coherent conceptual structure of the subject under 
examination. It is important to consider that this does not take over the role of experts’ team 
planning. (S=student, pk=prior knowledge).  

 

According to Goldsmith et al. (2018), students should be provided with knowledge of the 
nature of interdisciplinarity. Lecturers should highlight how important it is to integrate 
insights and approaches from many different disciplines to form a framework of analysis, 
which leads to a deeper understanding of complex questions. In addition, they should model 
how the interdisciplinary issues can be approached and provide students with practices that 
help them develop their interdisciplinary thinking and achieve higher order cognitive skills 
(HOCS).  

Goldsmith et al. (2018) suggest the following teaching methods to help students improve 
their skills in multi- and interdisciplinary thinking: 

1. Students can be asked to rethink the discipline-based manner studied in a lecture, by 
bridging it with another discipline. Then, they should try to synthesize and integrate their 
analysis. 

2. Student groups can be asked to prepare interdisciplinary position papers that consider 
other disciplinary perspectives, in which they need to synthesize and integrate. The group 
work can later be discussed within the larger group.  

3. Collaborative forms of learning during the lectures may enhance bridging.  

4. Students should be provided with feedback for their multi- and interdisciplinary thinking.  

5. Arranging faculty student conferences may help in mastering integration.  

6. Students’ self-evaluations should be implemented, so that they are able to observe their 
ability to set out the structure of multiple disciplines of the problem, and how well they are 
able to synthesize insights from multiple disciplines and integrate ideas across disciplines. 

For instance, interactive methods, such as building the holistic view with pictures, 
investigating, and discussing the different air quality phenomena illustrated with the graphs 
and tables, and discussing the air quality topics with the Round Table method in small 
groups, were implemented in later course implementation.  

It could be reasonable to create more active teaching and learning methods and tasks, such 
as mind maps, which connect the subject areas together. For instance, the mind maps 
implemented in the beginning and in the end of the course can provide information on how 
well the students have learnt to bridge the different subject areas together, and if the 
understanding of the structural and holistic views of air quality have increased during the 
course.   
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4.7.3 Motivation  

The National Research Council, (2018, p.110) defines motivation in the following way: 
"Motivation is a condition that activates and sustains behavior towards a goal". In this 
context, motivation as the students’ engagement and interest in the course was observed to 
correlate with the lecturer’s interest on the students’ background, learning atmosphere in the 
lectures, appropriate pace of teaching, and the importance of the topic.  These observations 
are in line with the chosen social cognitive approach on motivation (See Chapter 2.2). 
According to research, in addition to individual thought, beliefs, and emotions, social 
context influence motivation and, therefore human behavior and learning (Dale and Usher, 
2012).  

The analysis shows that motivation to learn on the Air Quality in a Changing World course 
stayed high throughout the whole course. 

Interestingly, many students on the course had experienced the impact of poor air quality in 
their lives and communities. According to the studies of National Research Council (2000), 
motivation increases if the new information has an impact on students’ community. This 
relationship may partially explain the high level of motivation on the Air Quality in a 
Changing World course.  

In addition, it was observed that the level of difficulty within the topics influenced on the 
students’ experience of the lecture atmosphere. This may have also influenced on their 
motivation. The result is in line with the findings of National Research Council (2000). 
Authors stress that teachers should take into account pre-knowledge and skills, attitudes, 
and beliefs students bring to the new situation to support motivation. However, when 
collecting information of the pre-knowledge, as Hailikari, Katajavuori and Lindholm-
Ylänne, (2008) highlight, it is important that students get feedback on their performance. In 
addition, teachers should know how to use the knowledge gained from the assessments.  

The student group was very heterogeneous and some lecturers felt uncomfortable not 
knowing their students’ backgrounds well enough. The group consisted of students from 
many different countries. They had different academic backgrounds, cultures, and mother 
tongues, and they had studied with different teaching and learning traditions. Therefore, 
providing feedback of the students’ knowledge for the lecturers in the beginning of or before 
the course is significant. Hailikari, Katajavuori and Lindholm-Ylänne (2008) emphasize that 
the lecturers are, therefore, able to find out the students who have problems with their studies 
and to adjust the pace and difficulty of the course. It is easier for them to bridge the gap 
between their expectations and the students' actual knowledge, and, thus help students to 
develop the integrated knowledge structure. 

The following methods could help to determine the students’ pre-knowledge and skills:  

1. Implementing prior knowledge assessments. According to studies of Dochy, Segers and 
Buehl (1999), objective assessment methods, such as multiple choice tests, open questions, 
cloze tests, completion tests, and recognition tests, could be valid enough methods in 
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assessing students' pre-knowledge. In addition, they highlight that the methods, such as 
interviews and free recalls, have to be considered carefully, because the students' ability to 
express themselves verbally has influence on answers. First, it is important to identify which 
information, such as concepts or applications of skills, is needed to know before students 
attend the course to plan the most suitable assessment questions.  

Self-assessments could help students reflect on, understand, and take action and 
responsibility for their learning. However, it should be considered that students do not 
necessary have enough experience to properly assess themselves (Vaughan, 2013 and the 
references therein). 

2. Immediate feedback of the students’ pre-knowledge can be collected, for instance, with 
minute papers. In the activity, students write short answers in response to questions asked 
by the teacher. Prior understanding of the important concepts could be found out with the 
questions such as “What do you know about . . . ?” (Stowe, 2010). In addition, the 
knowledge could be identified by having short discussions or using technology, such as 
computer, mobile, and tablet apps (Madsen, McKagan and Sayre, 2017) in the beginning of 
the course. The feedback provides lecturers a possibility to react on feedback immediately. 
They can set the pace of teaching to a more suitable level and are able to recognize the topics 
that cause confusion and spend more time on teaching those subjects in more detail.  

3. Student-constructed concept maps can show the students’ preconceptions in the 
beginning of the course. In addition, maps can be implemented during the course to provide 
feedback of the students’ learning. Maps can also be created in groups. (Liu, 2002.) As the 
maps are graphic representations that represent the “types of relations between specific 
concepts that elaborate on a more general concept” (Liu, 2002, p. 377), they could provide 
knowledge of how students organize and represent knowledge of air quality. In addition, the 
strategy could help in finding out and improving the students’ levels in multi-and 
disciplinary thinking in the field of air quality.  

4. Designing concept inventories for the air quality field could assist in measuring the 
students’ conceptual understanding. The inventory tests students’ prior knowledge of the 
key concepts. They can be implemented, for instance, in the form of multiple-choice or 
open-ended questions on papers, or using technics, such as mobile phones. (Madsen, 
McKagan and Sayre, 2017; Persson, 2018.) 

Some of the student responses in this study reflected the positive influence of interactive 
methods in learning. In sum variable analysis, interactivity had a strong relationship with 
motivation. In addition, some students highlighted that the methods such as “learning by 
doing” should be increased on the course. Especially, activities in pairs and groups were 
suggested.  
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4.7.4 Interaction 

All the analysis results and suggested course improvements show that more time for 
interaction between the lecturers is needed in order to build a more coherent course that 
enhances the holistic view of air quality. For instance, better evaluation methods to measure 
the improvement in interdisciplinary thinking of air quality during and after the course 
should be planned. In addition, planning and improving integrative tasks and methods for 
the lectures require high level collaboration between the lecturers and other course planners. 

Spelt et al. (2009) align these findings with the results of a systematic review regarding 
interdisciplinary thinking in higher education. The authors highlight the meaning of 
teachers’ team development and team teaching in interdisciplinary teaching. According to 
the study, teachers need to learn from other disciplines, decide what understanding is needed 
to integrate into the subject under investigation, create the supportive learning environment 
for the interdisciplinary thinking development, and find consensus on interdisciplinarity. 
These factors require that teachers develop their own interdisciplinary thinking and skills in 
collaboration with each other.   

The lecturers mostly conducted the lectures. Half of the lectures included pair discussions 
but only three of the lectures had small group discussions. However, Spelt et al. (2009) 
address that teaching of interdisciplinary subjects requires pedagogy that aims to achieve 
interdisciplinarity and supports active learning methods, and collaboration skills. Therefore, 
improving lecturers’ knowledge and skills of interdisciplinarity and bridging of different 
subject areas more visible in the lectures, could support in achieving higher level of 
integration. Collaboration in planning the course that considers or creates new multi- and 
interdisciplinary teaching methods and the appropriate methods that activate students’ 
knowledge and skills could enhance the knowledge building of air quality.  

It is necessary that an organizer provides enough resources, such as time and funding, for 
the lecturers to develop the course. In addition, educational research under the subject of air 
quality and related fields, especially the studies of interdisciplinary methods, needs 
resources. On the other hand, the lecturers are also mostly researchers and experts with busy 
and varying schedules, whose work cannot be threatened. Therefore, the collaboration with 
the educational experts, the use of different kinds of educational tools in planning, teaching 
and evaluations, and having a responsible teacher in each course, could save time and 
support lecturers in their teaching.  

These requirements bring out the challenge to find time for the interaction between the 
experts who are the ‘owners’ of the knowledge, and to find persons, who have adequate 
holistic knowledge and understanding of air quality, and enough knowledge on teaching and 
learning. The research, which focuses deeper on building the holistic view of air quality, 
and on how to transfer the skills on building the structure of air quality during the lectures 
or in out-of-lecture tasks, should advance learning processes and understanding. In addition, 
studying how to define and explain the most important concepts and their meanings could 
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enhance understanding of air quality in all contexts.  Moreover, the research could produce 
effective tools for experts to support them in interdisciplinary teaching. Therefore, the 
multidisciplinary collaboration and research, at least the well-planned course evaluation 
system, should be considered also in the future course implementations to enhance course 
improvement.  

4.7.5 Engagement 

Huang (2014) concludes that the public needs to have meaningful engagement on air 
pollution issues in order to act for better air quality. The study of air quality history 
conducted in Chapters from 3.1 to 3.4 came to the same conclusion. 

The students’ responses showed that most students felt a sense of ownership over air quality. 
The students also were well-engaged on the course. In addition, the level of responsibility 
in air quality issues and will to contribute towards better air quality increased during the 
course. However, according to the results of literature review conducted in Chapter 3, 
adding some new subject areas under the topics could increase engagement on air quality 
issues.  

The studies presented in Chapter 3 indicate that increasing content of the development of 
social, scientific and technological processes of air quality history and their present 
interactions could enhance integrative understanding. It is also important to consider the 
regional differences in air quality management to develop wider perspectives on air quality 
problems and solutions. Many authors of the studied literature highlight that the research 
results in the field of air quality are difficult to compare. Therefore, education should teach 
the skills of critical reading. In addition, adding the economic aspects on air quality issues 
could develop integrative understanding.  
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5 Conclusions 

The motivation of this dissertation was based on the need to act against the serious effects 
of air pollution. Furthermore, it was based on the mission and insight of an international 
PEEX program that education plays an important role in making a difference in 
environmental issues.  

The main aim of the present research was to contribute towards better air quality by 
investigating and improving knowledge transfer of the holistic view of air quality in the 
higher education setting.  

The achievement of the aim was facilitated by the development of the educational design 
framework (MEDF) for air quality education (See Chapter 2.4). MEDF development 
required investigation of the key elements in successful knowledge transfer and the 
development of air quality understanding in the interplay of social, scientific and 
technological process, in both history and present. The present knowledge of air quality was 
bridged in building the holistic view of air quality.  The designed core practice framework 
was tested and evaluated in the higher education setting, which included the course called 
Air Quality in a Changing World.  

The dissertation was carried out with the Design Based Research (DBR) methodology. The 
designing process of the dissertation adopted both iterative (e.g. Van den Akker et al., 2013) 
and ‘knitting together’ (Edelson, 2002) characteristics of the DBR method because the 
research phases did not progress chronologically. Instead, the research design was knitted 
together through various parallel and cyclic processes, in which the principles of the 
framework (MEDF) developed in each phase.  

The empirical phase took place in the multidisciplinary and multicultural learning 
environment, in higher education. The student group and the groups involved in the air 
quality course designing and implementing process, were heterogeneous.  In addition, the 
students’ air quality understanding varied. The empirical phase was very interactive.  The 
experts from various fields were collaborating with each other in many different kinds of 
team configurations and discussion forums in order to produce an aligned and effective air 
quality course.  

The empirical phase showed that activities and lectures in the Air Quality in a Changing 
World course were versatile and qualitative. Solving the tasks required both high and low-
order cognitive skills (HOCS and LOCS) and different levels of knowledge from the 
students. Every student on the course was able to complete the tasks that required HOCS 
under the air quality subject area. The majority of the students thought that their knowledge 
and skills of air quality improved well. Students also responded that they understood, how 
to use the knowledge and skills they acquired during the course. Accordingly, these findings 
show that the designed framework succeeded and is applicable for multi- and 
interdisciplinary air quality education.  
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Many additional important findings that are relevant in solving the air quality problem 
emerged during the framework development. They emerged from both the empirical phase 
and the literature reviews. It is important to take the new knowledge into consideration in 
later course implementations. These findings are summarized in Chapter 5.2, ‘Elements of 
successful knowledge transfer of air quality’.  

The modified version of the framework, called Modern Educational Design Framework 
(MEDF), as a research design, is illustrated in Chapter 5.1. It answers the research question 
1: What kind of educational design framework (MEDF) increases knowledge transfer of air 
quality, and can be further adopted and applied, as a practical tool, for designing and 
improving education in other contexts too? 

Chapter 5.2 answers to the research questions 2 and 3: 

2. What new knowledge does the development of the framework of course pedagogy 
and educational principles produce for air quality education?  

3. What new information does the building of knowledge structure of air quality 
provide for knowledge transfer? 
3.1.What knowledge the development of the internal dynamics and interplay of the 

social, scientific and technological process of air quality, in both history and 
present, provide for air quality education?  

3.2.What kind of new knowledge and skills does the bridging of different subject 
areas of air quality and related issues produce for air quality education? 

Chapter 5.3 discusses the research acceptability and trustworthiness. It also discusses the 
usefulness of the DBR methodology in this study context. Chapter 5.4 summarizes the 
whole study and includes recommendations for future work on the air quality topic.  

5.1 Modern Educational Design Framework  

The Modern Educational Design Framework (MEDF) is a modified version of the Core 
Practice Framework. The original framework was created with and was based on the 
educational literature review of this study (See Chapter 2.4). The Core Practice Framework 
served as educational design principles for the Air Quality in a Changing World course 
planning, implementation and evaluation. The new knowledge, emerged during this study 
process, was integrated together in cyclic development to create the improved version of the 
original framework.  

MEDF is a practical tool, which aims to assist organizations in designing and improving the 
coherent educational setting. The framework was designed in a multi- and interdisciplinary 
air quality context, but it can be adopted and applied to other, especially to environmental, 
contexts, too. The MEDF consists of three parts: background work, course planning, and 
education improvements and knowledge share.  
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MODERN EDUCATIONAL DESIGN FRAMEWORK (MEDF)  

 A practical tool for air quality education.              

Following questions aim to assist organizations in designing and improving the coherent educational setting. The 
framework was designed in multi- and interdisciplinary air quality context, but it can be adopted and applied to other, 
especially to environmental, contexts too.  

A) Background work 

Actors: Organizer and/or Steering group, which consists of members form different disciplines and/or experts from 
different subject areas, with different levels of expertise and different knowledge backgrounds.  

Role:  Build a large picture and core curriculum of the education and support course planners and educators in their 
work. Provide enough resources such as funding and time for planning, teaching and development. In addition, support 
educators’ individual growth as teachers.  Actors should also provide forums for the educators to develop multi- and 
interdisciplinary teaching and learning.  

A) Questions 

1. What is the problem or challenge that needs to be affected or solved and why? 

1.1. Which message is needed to transfer and why? 

1.2 Which team configuration and forum, such as conference and expert workshop, could enhance and support in 
creating the holistic vision of the education? 

2. What knowledge and skills (main goals of the education) on a large scale are needed, necessary and are able to 
transfer? 

2.1 How and by who, is the investigation of the phenomena from multiple points of view conducted?  
 
2.2 How to promote the understanding of the holistic view of the phenomena? 

2.3. In which ways to support the skills of innovative thinking, solution oriented thinking, sharing knowledge, teaching 
and active learning. 

2.4. Which team and/or configuration builds a knowledge structure and defines the key concepts of the main 
phenomena under examination?  

3. To whom, is a necessary and transferrable message most effective and able to transfer? 

4. In which context, does the education take place?  

4.1. What kinds of special needs and challenges does the context set?  

4.2. What actions are necessary to take in order to answer to the needs and overcome these challenges?  

5. What kinds of team configurations are needed to set more specific outcomes, and to plan, implement, evaluate, and 
develop the education? 

6. What kind of interaction between the disciplines, experts and stakeholders contribute towards the achievement of 
the goals? 

7. Who or which group educates the target group?  
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7.1. Who is provided with adequate knowledge and skills on transfer?  

7.2. Who have an impact on those who can act?  

8.  How to take into account resources like time, money, and educators’ possibilities to plan education and teach? 

8.1. What kinds of schedules, times, events, meetings, actions, etc., supports course planning and development?  

9. How to support educators? 

9.1 What kind of support help educators’ individual development as teachers? 

9.2. How to enhance learning of multi-and interdisciplinary skills?  

9.3. What kinds of acts support the transfer of multi-and interdisciplinary skills and the use of multi-and interdisciplinary 
methods to teaching and learning? 

9.4. How to enable and encourage educators to teamwork, especially to team teaching and learning? 

10.1. What kinds of evaluation methods are most appropriate in estimating the effectiveness of the course?  

10.2. How to consider the ethical issues in evaluations? 

10.3. How to collect a common feedback of the course? 

10.4. How to handle the feedback?  

 

B) Course planning 

Actors: responsible teacher, multidisciplinary support team, educators and assistants 

Role: to take responsibility of the course planning, teaching, evaluation and development and to create a more specific 
plan of the course.  

B) Questions 

11. What the education can learn from conducted literature review of environmental challenge or problem?  

Literature review should increase understanding of how the knowledge of the phenomena under examination has 
created and structured in history, what are the present interactions between the social, scientific and technological 
processes and how different subject areas under examination bridge.  

11.1. What is the hierarchy and the structure of knowledge under examination? 

11.2. What are the key concepts and threshold concepts of the course topic and how they are defined? 

11.3. In which part, the subject areas under the course topic bridge with each other and how? 

12. What are the more specific outcomes in knowledge and skills? Be sure that they are aligned with the general 
outcomes defined by steering group or organizer. 

13.  What kind of content supports the achievement of the learning outcomes? 

13.1 What kinds of content, teaching and learning activities and tasks enhance the development of ownership, self-
interest, International responsibility and World ownership on the issues under examination? 

13.2. How to keep up students’ hope and feeling of empowerment in front of the problem? 
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13.3. How to handle the possible discrepancies such as unevenly distributed well-being within the topic?  

13.4. How the content consider regional differences, such as pollutants, measurement technics, economic, society, 
culture and their relations and impacts on each other?  

13.5. What are the future scenarios and how they should be considered in a course?  

13. What kind of teaching philosophy and/or manner of approach is appropriate in this education?  

14. What kinds of teaching and learning processes support knowledge development within the topics? 

14.1. How to make knowledge structure, bridges between the different subject areas and the process of knowledge 
building visible to the students? 

15. How to find out students’ needs, preconceptions, starting level in knowledge and skills, attitudes, cultural 
background, experience, age, stances, and motivation? 

15.1. What evaluation methods are the most appropriate in finding out the students’ prior knowledge and skills? 

15.2. How the responses are collected and handled? 

15.3. What kind of ethical aspects need to be considered in the assessment process? 

15.4. How the results will benefit and are used in the course?  

16. What are the teaching methods, such as lecture discussions, exercises, demonstrations, exams and class activities 
that support the learning of the structured content and/or other intended outcomes? 

It appears that interactive learning environment with active teaching and learning methods, versatile lecture and out-
of-lecture tasks enhance learning. Therefore, mapping of task types and their level of cognitivity and knowledge can 
be recommended.  

In addition, in multi-and interdisciplinary learning environment, the team teaching and learning, which activate students’ 
knowledge, could enhance in bridging the different subject areas and building the holistic view of the subject area under 
examination. 

17. How to take into account resources, such as time, and teaching and learning tools? 

18. What kind of evaluation is necessary to improve teaching and learning of all the participants and to identify the level 
of knowledge transfer? 

18. 1. Which type of method in collecting feedback is suitable for the purpose? 

18.2. How and when to collect feedback and in which forms? 

18.3. How to handle the feedback collected during the course? 

 

C) Education improvements and knowledge share 

Actors: all the participants, possible wider audience  

Role: to find out the ways to improve the education and share the new ideas, knowledge and skills adopted in this 
process within the organization. It is also important to think how the adopted knowledge and skills and new ideas will 
benefit wider audience and can be transferred and applied in other contexts too.   
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19. How is all the feedback handled within the steering group and/or wider audience so that the improvements can take 
place? 

20. What kinds of modifications are needed to improve education? 

21. How to consider and provide space and opportunities for new ideas? 

22.1. What kind of new knowledge is suitable to share with wider audience?  

22.2. How to transfer the knowledge gained to the wider audience? 

22.3. By what means to enhance interaction and sharing of new knowledge, such as materials, data, experience, 
solutions, and skills, between the people who own the knowledge of the subject under examination and related issues?  

 

5.2 Elements of successful knowledge transfer of air quality 

The key elements of successful knowledge transfer of air quality are based on the studies of 
educational design principles (Chapter 2), air quality history (From Chapter 3.1 to 3.4), 
building the holistic view of air quality (Chapter 3.5) and empirical part of the course 
implementation (Chapter 4).  

The findings of this study indicate that the following elements are in key positions when 
creating a successful higher education setting in multi- and interdisciplinary air quality 
context.  

 

A) The findings from empirical phase underline the meaning of following topics: 

1.) Team work 

Effective knowledge transfer can be promoted by building a coherent and aligned 
interdisciplinary learning environment. Such an environment can be achieved by setting up 
collaborative and interactive multidisciplinary teams and discussion forums with different 
configurations, levels of expertise and knowledge backgrounds.  

The course organizer or steering group,  possibly with the help of stakeholders, should 
identify the problems or challenges, which need to be solved or affected. They should define 
the target group to whom the education is most effective to transfer, and in which context 
the education could take place. It is important that they clearly define the roles of the teams 
and their members, and the division of work. As well, they need to decide who are the most 
appropriate educators for the knowledge transfer.   

The results of this research support the idea that the group of experts, who have a wider 
perspective on the subject or which gathers the different perspectives of the experts together,  
form a holistic view of the subject. It is also recommendable to make the relations between 



252 
 

 

the different subject areas under the topic visible for other educators and planners. In 
addition, they should define the core curriculum in a large scale.    

Teaching and learning in an inter- and multidisciplinary context should be approached 
differently than that in a traditional context. In an interdisciplinary learning environment, 
the lecturers may be in the middle of an unknown setting when the course planning begins. 
Therefore, it is suggested that the lecturers develop their understanding of the knowledge 
structure of interdisciplinary subject together. In addition, it is important to enhance 
understanding of how the different subject areas bridge and integrate with each other. It 
should be considered that subjects might be partially unfamiliar to many of the educators 
and planners.  

The course planning teams should define the key and threshold concepts, as well as more 
detailed outcomes of the course. The current results highlight that planning the methods to 
identify the prior knowledge of the students is essential for course success. The lecturers 
should define, which subjects and concepts are meaningful to be tested in prior evaluations.  

Ultimately, the previous findings show that team planning in smaller multidisciplinary 
teams is essential in multi- and interdisciplinary learning environments. Team planning 
could also support lecturers in building their self-confidence as teachers. Moreover, it should 
be considered that the interaction and collaborative work methods require good 
collaboration skills. It is also important to have the will to interact and discuss, to be open-
minded, flexible and an active member of the team, who asks and speaks out if things are 
not clear.  

2.) Knowledge building and key concepts 

The lecturers should understand the knowledge structure of the course topic as well as it is 
possible in the beginning of the course. It is also important to understand the knowledge 
structure of one’s own topic as detailed as possible.  

The literature reviews of the present knowledge and the development of the subject area in 
history, could enhance in creating wider perspectives on the topics. They could also assist 
in bridging the  different subject areas together, which thus is needed in building the holistic 
view. Using different kinds of tools in knowledge building and in mapping the key and 
threshold concepts, could fasten and assist in building the holistic view. Such tools also 
assist in choosing the most important topics for the lecture.  

Illustrated concept maps and knowledge structures could assist both students and lecturers 
in bridging the different subject areas together. It is also extremely important to plan how 
the building of knowledge structure and important concepts under the subject matter can be 
transferred to the teaching and learning process in order to enhance and assist students in 
their own knowledge building process. The holistic view of the topic should be made visible 
for students to deepen their holistic understanding, for instance, with illustrated concept 
maps and knowledge structures. 



253 
 

 

3.) Alignment 

It is important to set outlines of the course together in teams and to make sure that all the 
contents and activities in lectures and outside the lectures are aligned with each other. These 
factors support building a coherent course. 

4.) Active teaching and learning methods 

An active learning environment, which includes, for instance, interaction between students 
and learning by doing activities, positively influences learning atmosphere.  

Especially, in a multidisciplinary student group with different levels and types of 
knowledge, active team learning methods could increase students' engagement on learning 
and bridging the knowledge between the fields.  

It should be also considered that students can also be the owners of the knowledge. 
Therefore, the chosen teaching methods should activate the students’ knowledge.  

5.) Multifaceted tasks 

Multifaceted tasks that are aligned with the learning outcomes, are implemented in a right 
time on the course, and have different requirements in cognitivity and knowledge, enhance 
learning.  

Using educational tools, such as Bloom’s Taxonomy (Bloom et al., 1956) could help in 
creating appropriate tasks for the course. In addition, mapping the task types and knowledge, 
and the cognitive levels of the tasks, for instance, with the method of Tikkanen and Aksela 
(2012), provides the big picture of the task distribution. Therefore, mapping can also guide 
in task development.    

6.) Background and prior-knowledge 

It is extremely important to collect the knowledge of the students’ background and prior 
knowledge. The knowledge could assist lecturers in setting the difficulty level and pace of 
the lectures and in choosing appropriate teaching and learning methods. Especially, it could 
assist in decreasing the level of uncertainty of the lecturers. However, it is important to 
carefully plan which assessment methods are the most useful and valid to show the students’ 
pre-knowledge. Moreover, they should be planned together and aligned with other 
assessments in order to produce knowledge of the growth in student knowledge and 
understanding.  

7.) Resources 

The organizer should consider that collaboration, planning and teaching, and the 
development of knowledge and skills in a multi- and interdisciplinary course context require 
more resources, such as funding and time, than traditional teaching.  
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B) The findings from literature reviews and the empirical phase 

The findings from the literature reviews and observations in the empirical phase underline 
that, in addition to knowledge and awareness of air quality and its impacts on environment 
and health, the following issues are significant in changing the behavior of people in regards 
to air quality issues. These elements can be applicable in other environmental and 
educational contexts too.  

1.) Ownership and self-interest  

According to the results from the literature review, people do not act for better air until they 
experience the hazardous impacts of air pollution on their health. In that case, they already 
have a high negative ownership on the phenomenon. Education should promote teaching 
and learning methods that enhance building ownership and self-interest on environmental 
issues. This can further lead to the responsibility towards environment. According to Roth 
(1992), the changes in environmental issues require that people become aware, either 
emotionally or cognitively, of human impacts on nature.  

The tasks and examples, which reflect the students’ own experiences of poor air and its 
impacts, could enhance this aim. It is good to consider that all students have not experienced 
poor ambient air quality.  Therefore, examples such as tobacco smoke, molds, dust, cooking, 
heating, pollen, etc., could enhance their ownership and self-interest.  

2.) Empowerment 

The negative ownership can be turned into positive ownership if students feel empowerment 
when facing the problems. Education should inspire hope and give students a sense that they 
can make changes and be involved in resolving environmental problems. In addition, it is 
important that they have an understanding of how their actions contribute towards better air 
quality.   

3.) International responsibility and world ownership 

Better welfare and profits resulted from continuingly growing production have often been 
seen to be more important to people than clean air. In addition, welfare has not been 
distributed equally in the world. This discrepancy should also be discussed in education. For 
instance, the following questions could widen the perspective on air quality and solutions:   
Does everybody have the right to have an equal opportunity for welfare all over the world? 
Should everybody have a right to breathe clean air? What sacrifices are needed in order to 
provide clear air for everyone? What is the international responsibility for air pollution?  

Moreover, bringing the concept of ‘world ownership’ into discussions in lectures could 
widen people’s understanding of how the different social, cultural, and economic issues 
globally are related to air quality science, the level of air pollution, and air quality policy.  
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4.) Regional differences 

The literature review conducted under the topic Holistic view of Air Quality shows that the 
approaches and solutions suitable in one region are not necessarily suitable in another. For 
instance, the air pollution sources, types and number of pollutants, climate, measurement 
technics, monitoring networks, living habits, policy, culture, population densities, natural 
emissions, energy structure, etc., differ in different regions around the world. Therefore, 
education should also consider the skills of making comparisons and recognizing the 
challenges in them, as well as enhancing critical reading.  

5.) Continuing economic growth versus cleaner air and healthier life 

Education should also include discussions of future scenarios. The findings from the 
literature review from China show that pollution problems can be handled effectively and 
fast, if wanted. However, simultaneously, the consumption levels of fossil fuels is increasing 
and China aims to increase its economic growth.  

The following questions could enhance discussions of the topic:  

How long is it possible to maintain the air quality policy which aims to reduce air pollution 
without decreasing use of energy?  

Are people who have received the same benefits and welfare as Western nations have 
achieved, willing to reduce their state of welfare? 

Should we build ‘world ownership’ for air and take responsibility for its quality together? 
Moreover, how can we do that?  

6.) Understanding the development of air quality in the internal dynamics and interplay of 
the social, scientific and technological processes in both history and the present, assist in 
building the holistic view of air quality.  

Education should make visible that social, technological, and scientific processes are in 
continuous interaction with each other. All of them affect air quality management, which 
can be seen as one type of social process. The interaction between these processes develops 
understanding of air quality and the language of the air quality field. 

History shows that people have shaped our environment and developed enormous number 
of products in order to gain benefits and welfare for themselves. Simultaneously, it has led 
to destruction of our living environment. At some point in time, the concern of 
environmental problems and their impacts on health arises and the public begins to demand 
actions from policymakers towards cleaner air.  The actions of politicians drive 
environmental policy and the development of scientific knowledge, for instance, by funding 
and regulations.  

Solutions may be found, but, simultaneously, new problems can emerge and still, people 
find new ways to take advantage of nature. The process rotates repeatedly. (See the Air 
Quality Management Cycle in Chapter 3.1.4).  
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Making the Air Quality Management Cycle visible for the students could assist in 
understanding ourselves in relation to nature. It can deepen our understanding that humans 
are a part of nature  and assist us to make better choices. In addition, it can contribute to our 
ownership and responsibility towards environmental issues. 

5.3 Acceptability and trustworthiness  

Rehman and Alharthi (2016) state that the researchers should characterize how they 
understand the reality of the world and how to study it. In literature, this is called the research 
paradigm or world view (Alghamdi & Li, 2013). The paradigm considers researchers’ 
assumptions of how the world works (ontology), how knowledge can be reached, and how 
one should think, write, and talk about the knowledge (epistemology). The paradigm defines 
the question types of the research and the methodologies that aim to answer to them.  In 
addition, it defines how to interpret the research findings. (Dills & Romiszowski, 1997.) In 
addition to the elements ontology, epistemology, and methodology, the paradigm includes 
the methods, which refer to the particular procedures of collecting and analyzing data 
(Rehman & Alharthi, 2016). Moreover, as Dills and Romiszowski (1997) highlight, the 
paradigm builds the worldview of the researcher, which, therefore, provides meaning and 
significance to it. 

The usefulness of this research, which means how well the target or wider audience receive 
the design and the extent of how well the design meets the needs of them, leans on the 
acceptability of this research. Therefore, it is important to analyze how the different 
elements of the paradigm have influenced the research design, and especially, to consider 
and analyze the validity and reliability within them.   

Qualitative researchers holistically study people’s beliefs, experiences, and meaning 
systems in their social contexts (Brink, 1993). Patton (2002) highlights that the researcher 
should be present in a real world research setting, observing the occurring changes. 
Therefore, the methods used in qualitative research, such as observations and interviews 
(Patton, 2002), are more subjective than in quantitative research (Brink, 1993). In spite of 
this characteristic, the qualitative researchers, as the data-gathering instruments, need to test 
and demonstrate the credibility (terms such as transferability and trustworthiness are also 
used in a literature, Golasfhani, 2003) of their study. (Patton, 2002). Polit and Beck (2014) 
define trustworthiness “as a degree of confidence in data, interpretation, and methods used 
to ensure the quality of a study”.  

I tested the trustworthiness of this study by discussions of the validity and reliability in this 
research paradigm.  Golafshani (2003) highlights that the term trustworthiness encompasses 
both the terms reliability and validity, and they are not viewed separately in qualitative 
research.  

Leung (2015, p.325) particularizes that the validity in quality research means 
“appropriateness” of the tools, processes, and data. Therefore, in testing the validity of the 
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study, the researcher should “demonstrate what actually exists and do the instruments or 
measures actually measure what they were supposed to measure” (Brink, 1993, p.35).  

The traditional definitions of reliability refer to the consistency of data collection 
instruments (Long & Johnson, 2000). In quantitative research, it means the exact 
replicability of the processes and the results. However, in the context of qualitative research, 
the definition is challenging. (Leung, 2015.) Implementing research in the context of social 
interaction, especially considering that the measurement and assessing tool is also a human 
being and there are differences within the contexts, it is impossible to produce one hundred 
percent same results, if the measurements are repeated.  

Silverman (as cited in Leung, 2015) highlights that qualitative research could enhance 
reliability by considering refutational analysis, including deviant cases, comparing data 
constantly, using data comprehensively, and using tables. The refutational analysis refer to 
“proofing or making a statement that something is not true or is wrong” (Oxford Advanced 
Learner's Dictionary, 2019). Including deviant cases into research means that the researcher 
should search for and discuss “elements of the data that do not support or appear to 
contradict patterns or explanations that are emerging from data analysis.” (Cohen and 
Crabtree, 2016).  As Lincoln and Guba (as cited in Golafshani, 2003) state, "Since there can 
be no validity without reliability, a demonstration of the former is sufficient to establish the 
latter".  

Next, I examine, considering the validity and reliability within it, how the different elements 
of the paradigm have influenced the research design.  As the research methodology creates 
the body of the whole research process, it has an important role in the acceptability of the 
study.  Therefore, the analyses of its usefulness and effectiveness in the research process are 
also important.   

This research was grounded in the present scientific understanding of air quality and its 
impacts on nature, to the knowledge and experience of experts of the field, and related fields, 
and to the educational theories and experiences of the successful elements of teaching and 
learning. Therefore, the worldview of the research was created and modified due to the 
multiple perspectives on air quality and education.  

I have a wide view of educational principles and the subject areas under examination 
because of my master’s degree in physics and intermediate studies in mathematics and 
pedagogy, in addition to the studies in chemistry. Moreover, I have over twenty years of 
experience in teaching in multi-and interdisciplinary learning environments at secondary 
school, alongside teachers with high-level knowledge and a wide view in different scientific 
fields. Moreover, the values of the Finnish educational system, which highlight issues such 
as learning to reform society and culture, that education should involve ethical and wide 
perspectives on world reality, and that learning should enhance justice, sustainability and 
global responsibility in environmental issues (Opetushallitus, 2015), have modified my 
worldview during the years.  
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The interaction with the students has built my understanding of how people learn. In 
addition, the ongoing work in planning courses and school curriculums has created an 
understanding of ‘what things just have to be done in order to enhance learning’. However, 
those actions have not always been so conscious. The research process made the things 
mentioned visible to me and enhanced my understanding of my individual development as 
a teacher and a learner. I also recognized that my experience as a teacher influenced the 
research process strongly.   

According to Brink (1993), having multiple approaches and perspectives to the phenomena 
under study and having repeats at different points of time in different contexts enhances the  
trustworthiness of the research. It can be assumed that my background increased the 
trustworthiness of this research because I applied my knowledge and skills of teaching and 
learning processes, which were acquired from great number of repeated processes over the 
years. In addition, I applied knowledge gained from discussions with colleagues into the 
research process. I also integrated and reflected on that knowledge with the knowledge of 
air quality and educational experts, and with present educational and air quality literature.  

Despite my background, the air quality context was not too familiar to me in the beginning 
of the research process. My studies in the field of air quality, wide collaboration with the 
experts in the air quality field, and, especially, the active multidisciplinary teamwork aimed 
to fill the gaps in my educational and air quality knowledge during the research process. 
Therefore, the active and wide collaboration increased the validity of this research.  

I conducted large literature reviews of air quality history and the present air quality 
knowledge during the research process, as it was suggested in the interdisciplinary related 
educational literature (Klein(1990), Newell (2007) and Szostak(2002) as cited in Repko 
(2006) and a model of Repko (2006)).  Unfortunately, the implementation of the reviews 
took a long time. Therefore, most of the knowledge I acquired from the reviews were not in 
use for the first course implementation. However, the reviews increased my understanding 
of the important aspects of air quality education, and, in addition about the issues that 
influence air quality overall. In addition, the comparison between the important aspects 
found from literature reviews and the results of the empirical part, strongly strengthen the 
conclusions made from the literature reviews. Therefore, the meaning of the reviews was 
significant and gained benefit and validity to this research, and to future research and 
applications.  

On the other hand, my starting level of air quality understanding enabled a fruitful setting 
for the knowledge building process. In the discussions between the members of the Work 
and Research Group, and the experts, I asked questions when I recognized gaps in my 
knowledge structure, or did not understand the explanations. Moreover, the experts in the 
field of air quality were able to ask questions about teaching and learning from me. The flow 
in learning and the will to develop air quality education was experienced especially in the 
Work and Research Group.  
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However, similar challenges as mentioned in the multi- and interdisciplinary research 
literature emerged during the process; experts from different fields use specialized language 
(Wear, 1999), participants have different mother tongues (Mäkiö, Mäkiö-Marusik and 
Yablochnikov, 2016), and traditions, such as different attitudes, habits, and manners within 
the disciplines are different (Kostoff, 2002).  These were the main elements that most 
affected the validity of the research. However, other aspects, such as the way people see the 
world (Wear, 1999) and differences in cultural backgrounds (Mäkiö, Mäkiö-Marusik and 
Yablochnikov, 2016) mentioned in the literature, appeared to enhance the process and 
validity.  The participants’ experiences of air quality and related issues were shared and 
integrated in the process.  

This research was, in some part, multidisciplinary and, in some parts, interdisciplinary, 
because it was implemented under the air quality subject area, which bridges the many 
different fields and subfields, such as physics, chemistry, forest ecology, meteorology, 
environmental science, scientific computing and social sciences, together. In addition to 
these subject fields, I had to consider and find bridges between the educational sciences and 
subject areas, such as economics, culture, and policymaking in investigations. I also needed 
to investigate the phenomena from multiple perspectives.  

Often, the language used in the literature was very challenging to me to understand. 
Therefore, there is a possibility that I have created misconceptions of the concepts, 
especially in the fields and subject areas that were not so familiar to me. This has certainly 
influenced the research validity. However, on the opposite site of the coin is that I had to 
spend a lot of time understanding the unfamiliar concepts. Simultaneously, it was clear that 
the concepts are necessary to identify and explain carefully to the readers, in order to 
enhance holistic understanding. Therefore, the detailed explanations increased the validity 
of the research.  

It was challenging for me to find systematic, well-structured, and holistic air quality 
knowledge from scientific journal articles.  I also observed that all the concepts in the air 
quality literature were not clearly defined, or they were approached very differently in 
different sources. The majority of the systematic and well-structured  holistic knowledge of 
air quality I found, was in books and on websites. However, the knowledge was shared by 
the authors who have appropriate and adequate knowledge and expertise in the field of air 
quality. Therefore, using websites in addition to scientific journal articles has not affected 
the validity of this study. This finding indicates that more well-structured and systematic 
interdisciplinary scientific journal articles of the holistic view of air quality should be 
written and available for the wider scientific community.   

One of the main problems in research validity was caused by language skills. I pre- 
interviewed three educators, who have educated people in multicultural fields. One aim was 
to find out if language affects teaching and learning. The conclusion was that the teaching 
methods can be the same as in Finnish learning environments. Therefore, language did not 
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receive any special attention in the planning of the empirical phase.  However, the language 
clearly affected this research validity. 

For instance, task analyses showed that the meanings of the tasks were sometimes difficult 
to interpret, mainly because of the incomplete language and structure of the tasks. Moreover, 
although the students evaluated their language skills quite high, the responses showed that 
forming clear and understandable sentences was challenging to many students. It is 
important to note that English was the mother tongue for only one student. Additionally, it 
was not the mother tongue for any of the experts. However, it was the only choice in such 
multicultural learning environment.  

Although it emerged that members of the course teams had different attitudes, habits, and 
manners in approaching things, all those were overcome during the process. Learning to 
interact, and find roles in a team, and finding the ways to do things together took time. As 
time and resources in this process were limited, it influenced the research process. The 
remaining time, especially for the implementation phase, was very limited. Therefore, some 
parts of the empirical phase had to be done very fast.  More time in that phase could have 
produced better questionnaires and responses. Therefore, the hurry might have had an 
influence on the research validity, too.  

This study was carried out with the Design Based Research (DBR) methodology. Both 
iterative (e.g. Van den Akker et al., 2013) and ‘knitting together’ (Edelson, 2002) 
characteristics of the DBR were adopted into the designing process. Thus, the phases did 
not progress chronologically. Instead, the framework was knit together through various 
parallel and cyclic processes, in each phase of which the principles of the framework 
(MEDF) developed. 

The Design-Based Research Collective (2003) considers the design-based research as an 
empirical research. Therefore, the interpretation of the findings needs to consider 
objectivity, validity, and reliability, in order to meet acceptable standards. However, 
according to Juuti and Lavonen (2006), there is a lack in literature of introducing the 
methodological or philosophical background of the DBR. Therefore, the aim of Edelson 
(2002) is that the DBR should develop design frameworks and methodologies, which can 
be generalized for the use of research, makes the evaluations of the methodology important. 
The evaluation improves and increases the value of the DBR among other methodologies.  

Meyers et al. (2018) and Wang and Hannafin (2005) used the defined characteristics of the 
DBR research in assessing how well these issues were realized in the research process. 
Mayers et al. (2018) highlight that the characteristic of the DBR create the research 
paradigm. Therefore, showing the effectiveness and usefulness of the methodology 
increases the acceptability, value, and validity of the research.  

Table 5.3.1 includes the DBR characteristics identified in the study of Hannafin (2005). It 
also includes the issues, which were realized in this study process.  
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Table 5.3.1. Observations and challenges in the implementation of the DBR methodology 
in Air Quality Education research context. The summary of the DBR methodology 
characteristics is adopted from Wang and Hannafin (2005).  

The DBR Characteristics Realized issues in this study 

Pragmatic 
- the DBR refines both theory and practice. 
- The value of theory is appraised by the extent 
to which principles inform and improve practice.  

The studies conducted in the empirical phase strengthen the results 
of the implemented literature reviews. In addition, the results of 
literature reviews resulted new understanding, for instance, of the 
meaning of ‘ownership’ in environmental education.  

Grounded 
- Design is theory-driven and grounded in 
relevant research, theory and practice. 
- Design is conducted in real-world settings and 
the design process is embedded in, and studied 
through, design-based research. 

The planning of core design framework was strongly grounded on 
educational, and on air quality and related theories and literature. 
The modified version of the framework (MEDF) was created with 
the results from the conducted literature reviews and real-world 
empirical phase.   

Interactive, iterative and flexible 
- Designers are involved in the design processes 
and work together with and flexible participants.  
- Processes are iterative cycle of analysis, 
design, implementation, and redesign. 
- Initial plan is usually insufficiently detailed so 
that designers can make deliberate changes 
when necessary. 

The active teamwork in various multidisciplinary groups was 
characteristic in creating the course plan and implementation.  
The study of the course was a part of the research design. It served 
as a real world setting, which aimed to provide information of the 
successful teaching and learning elements.   
The iterative characteristic of the DBR came visible in the 
interactive development of the design. The increased 
understanding of the theories produced knowledge of the issues 
that were necessary to investigate and consider in empirical phase. 
On the other hand, experiences in the real-world setting and 
interactions with the experts produced knowledge of the issues that 
should be investigated in the literature to create the more valid 
research design. Therefore, the process was automatically very 
flexible and many changes were implemented during the process.  
The cyclic development in a course planning phase focused on 
course outcomes and contents.  

Integrative  
- Mixed research methods are used to maximize 
the credibility of ongoing research. 
- Methods vary during different phases as new 
needs and issues emerge and the focus of the 
research evolves.  
- Rigor is purposefully maintained and discipline 
applied appropriate to the development phase 

In a large scale, the design was created by the wide literature 
reviews and empirical phase. In addition, the evaluations of the 
empirical phase were carried out with many different research 
methods. However, as the setting of the research was mostly 
educational, the researcher mainly applied the principles of 
educational research. However, she had to consider the 
characteristics of other disciplines as well as to investigate the 
subjects under natural and social sciences.   

Contextual  
- The research process, research findings, and 
changes from the initial plan are documented. 
- Research results are connected with the 
design process and the setting. 
- The content and depth of generated design 
principles varies. 
- Guidance for applying generated principles is 
needed. 

The researcher aimed at consistent documentations of the research 
process, changes in it and in research findings.   
All the results during the process were reflected with the theories 
studied. And the results from different analysis were compared with 
each other before making conclusions. The core practice 
framework, as the design principles, was based on wide literature 
review. The generalized design as MEDF is formulated the way that 
it is easy to adopt and apply into other contexts too.  
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In summary, mapping the realized issues of the DBR characteristics in this study shows that 
this study was aligned with and followed strictly the elements of the DBR methodology. 
Therefore, it can be concluded that the DBR methodology is an appropriate methodology 
also in the multidisciplinary research field. Therefore, this mapping also increases the 
research validity. However, a few notifications of the methodology are needed to highlight 
for future research.  

Doing research with the DBR methodology needs a lot of resources, such as time and 
funding. It is important that all participants involved in the research are familiar with the 
method and, especially, the challenges in it, for instance, understanding what the teamwork 
requires from the team members.  The process produces a great number of information. 
Therefore, careful planning of how the gained information is handled during the process 
could make the research process faster. Most DBR designs only include one cycle (Zheng, 
2015), which naturally decreases the level of validity of the research. This was the reality 
also in this study.  It should be noted that cyclic development produces more information, 
which needs to be compared, too. In order to implement the design process many times, 
there needs to be resources such as funding, time, and people who do the work. The long 
lasting process requires motivation, will, and patience from all the participants. In addition, 
when the research context is new and participants are in the middle of the unknown, as it 
was partly in this study, creativity and an open mind are great supplements in achieving the 
aim.  

The table of characterizations (Table 5.3.1) shows that the researcher documented the phases 
of the research process carefully, which is important to consider when assessing validity.  

In the literature review phase, the biggest uncertainty was caused by articles related to 
China. Many authors highlighted the uncertainty in their results, for instance, in air pollution 
declines. Therefore, some results in that part should be considered indicative knowledge.  

The questions in the empirical phase were evaluated with multiple research methods, such 
as different types of questionnaires, observations, and mapping tools. All methods were 
research-based and the evaluations were analyzed with appropriate methods.  In addition, 
all the results were reflected with the results of conducted literature reviews. Therefore, the 
consistency in documentation and used evaluation methods increased the trustworthiness of 
the research. Unfortunately, the number of responders was quite small. Therefore, the 
conclusions drawn from the empirical evaluations need to be interpreted with caution. 
However, as the conducted literature reviews and the results of empirical phase were 
strongly in-line with each other, it can be concluded that the reflection and comparison of 
their results increased the validity of the research.  

It can be concluded that the DBR methodology was appropriate and valid to use in multi-
and interdisciplinary research settings. It is an especially suitable approach if resources such 
as funding and time are provided, and people who are involved into the process have will to 
interact and patience to go through the long-lasting research process.  It can also be 
concluded that such methodology, which involves researchers in practice, gains such 
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benefits to research, especially due to shared life experiences and different perspectives on 
issues under examination, which cannot be achieved with traditional research 
methodologies.  

5.4 Implications  

The design of this study is a Modern Educational Design framework (MEDF), which aims 
to serve as an educational tool, especially in environmental education. The designing 
process provided new knowledge of the air quality subject area, especially of the air quality 
development in history and the challenges within the subject. In addition, it deepened the 
understanding of the holistic view of air quality, produced suggestions for air quality 
education, and gained knowledge of the usefulness of the Design Based Research (DBR) 
methodology in the interdisciplinary context.  

This study was needed because poor air quality is a global concern. WHO (2018b) addresses 
that already 91% of people around the world breathe air, where the level of pollution is 
above the WHO guidelines. In addition, it means that around 91% of people in the world 
has experienced the effects of poor air quality, possibly on their natural and living 
environment, including health and economics, and, therefore, on welfare overall, and have 
some level of ‘ownership’ of it.  

The present air quality situation and the challenges emerged in improving the state of global 
air point to the need for increasing meaningful understanding of the phenomenon. Therefore, 
this study aimed to contribute to the endeavor towards cleaner air by investigating how air 
quality knowledge is built and how the holistic view of air quality is transferred into higher 
education setting.    

The emissions and costs are not equally distributed. Asia and Africa bear the largest part of 
outdoor air pollution, and mortality in those regions is very high.  Indoors, in low-income 
countries, women and children suffer most of the exposure to indoor air pollution, because 
of their high involvement in daily cooking (Gall et al., 2013).  According to the calculations 
of this study, almost 10 percent of the world’s population lives in Central-Eastern China, 
where the annual average air quality is unhealthy for sensitive people or unhealthy to all 
people, as the average PM2.5 levels are over 35 µg/m3.  

Unfortunately, the history of air pollution shows that air is often regarded as no one’s 
‘possession’, and the responsibility for its condition is not recognized before its pollution 
has seriously damaged nature and affected health. It is also noticeable that air pollutants do 
not only stay around the region from where they are emitted into the air. Moreover, better 
welfare and profits resulted from continuingly growing production, are often seen to be more 
important than clean air. For instance, welfare has risen very fast in China and economic 
growth has enabled the same benefits to the Chinese as Western nations have already had 
for decades. However, the welfare has partly resulted from the increased production export 
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to Western countries. Therefore, this study demonstrates the need for building international 
responsibility and ownership of air pollution issues. 

On the other hand, in addition to the slower decline of pollutant levels in the United 
Kingdom and the United States, the investigations of the recent declines of major air 
pollutants levels in China show that even fast changes towards better air are possible, but 
they require actions from the public and a strong and coordinated effort from policymakers. 
However, simultaneously, the consumption levels of coal and oil in China keep rising and 
China aims to increase its economic growth. How long does the recent policy decrease the 
pollutant levels without decreasing the use of fossil fuel energy?  

The air pollution history of the United Kingdom, the United States, and China shows that 
the process of controlling air quality issues follows a certain pattern. Air quality science, 
technology, and social environment are in continuous interaction, influencing one another 
and making one big, interactive process. People use nature to gain benefits for themselves. 
The use of nature might lead to environmental problems such as polluted air. At some point, 
citizens realize the effects of poor air on health, the environment, and welfare. However, the 
other side of the coin show up in a form of such benefits that have not been previously 
available for them. Often, the situations grow into air pollution episodes and people's 
tolerance to air pollution reaches its limits. Public awareness increases and actions towards 
better air quality take place. Finally, under the pressure, the policymakers on different levels 
act. The governments legislate laws, control the implementations of the laws, fund research, 
and take care of the sufficient scientific and technological capital, which generates new 
knowledge for the use of science, policymakers, and the public. Researchers and engineers 
invent new technology and gain new knowledge of the phenomenon to solve the problem. 
Unfortunately, sometimes, the new technology creates new problems or people find new 
ways to benefit from nature, and the cycle runs again.  

The air quality literature review of this study shows that the key factor of change on air 
quality issues is governmental policy at all levels. The government needs to legislate laws 
and control the implementation of the laws, before the change is possible. However, it is 
important to notice that the solutions in one place are not necessarily appropriate in another. 
For instance, the pollution sources, pollutants, weather conditions, culture, economy, and 
policymaking usually differ in different regions.  

The cycle shows that the social processes and issues, such as air pollution policy, welfare, 
health and economy, and technological and scientific processes and issues are all tightly 
associated with each other. Therefore, holistic understanding of air quality is necessary in 
understanding the air quality phenomenon. Moreover, as the language and the structure of 
air quality evolve through these processes and their interactions, studying these processes 
and their interactions is necessary in deepening the understanding of the complex subject 
area of air quality. High-level collaboration in multidisciplinary configurations, where 
experts from different subject areas of air quality, the members of linked organizations and 
stakeholders bridge, share and integrate their knowledge, skills and experiences of air 



265 
 

 

quality, is needed in deepening the holistic understanding of air quality. The collaboration 
in an interdisciplinary field requires interdisciplinary skills and tools, and multiple 
approaches in order to reach the goal.  

The experts of the Nanjing workshop, held in 2015 in the context of this study, state that the 
understanding of air quality issues, within the whole society, is very important. All the 
people who work with air quality, or related issues, should interact and share their air quality 
knowledge. The experts also highlight the importance of setting up educational platforms 
for air quality knowledge transfer.  

It can be assumed that transferred air quality knowledge produces adaption and use of new 
knowledge and skills, in short or longer periods of time, in one-way or another, indirectly 
or directly, and further contributes to and improves air quality. Therefore, it is important to 
find the most effective and appropriate ways to transfer the research-based knowledge of air 
quality, in understandable ways, and ways, which enhance ‘ownership’ of air quality and 
create meanings for the transferred knowledge, to wider scientific communities, the public, 
and policymakers.  

According to Lavis et al. (2003), the researchers who are endowed with adequate knowledge 
and skills are the best educators. Therefore, it is also important to focus on making sure that 
students and experts, who study and investigate the air quality subjects, who are or will 
become the future experts and educators of the field, have a holistic understanding of air 
quality. In addition, they should have adequate knowledge of learning and teaching in order 
to enhance knowledge transfer.  As the knowledge in the field of atmospheric sciences has 
been increasing and is still growing fast, it is important to pay attention to the continuingly 
modifying knowledge structure of air quality and to its conceptualization. Organizations 
should support the knowledge building processes in air quality research and education.  

I observed in the empirical phase and faced during my research process the same multi- and 
interdisciplinary challenges, such as the specialized language of the scientists, different 
mother tongues, cultural backgrounds, traditions within the disciplines, and different 
attitudes, habits and manners, and the lack of resources, such as time and funding, as 
mentioned in previous literature (e.g., Bauer, 1990; Wear, 1999; Kostoff, 2002; Mäkiö, 
Mäkiö-Marusik and Yablochnikov, 2016; Hollmén, 2015).   

The differences in academic writing and citation styles between the disciplines were 
discussed and sometimes caused challenges during this research process. Hyland (2008, p. 
561) states that “writing isn’t just words on a page or the activity of isolated individuals. It 
is ALWAYS a social practice, influenced by cultural and institutional contexts”. Thus, the 
question arises how much linguistic aspects, such as how people express themselves in 
writing or what kinds of rules and traditions they follow, influence how we interpret 
interdisciplinary research.  

The most important factor that enhanced the interaction, helped in overcoming the 
challenges, and shifted them towards the fruitful collaboration was the willingness of actors, 
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such as course lecturers, assistants and other planners of the course, to collaborate and to 
find a consensus.  

On the Air Quality in a Changing World course, most of the students represent future experts 
of a certain subject area of atmospheric sciences, who need to simultaneously deepen their 
holistic understanding of air quality issues, and the educators, who are the experts of the air 
quality field, need to do the same. Therefore, this tension between the requirements of 
multi/interdisciplinarity and specialization exists in course planning and implementation. 
However, despite the challenges, interdisciplinarity is necessary in solving new emerging 
complex environmental problems and to promote new findings (Wear, 1999; Kostoff, 
2002). In addition, the interaction may also benefit researchers, who may have new ideas 
from other disciplines, and can further expand and assimilate them into their own subject 
areas. Therefore, it is important to find ways to overcome the challenges emerging in 
interdisciplinary research and education.  

The empirical phase of this study strengthens the view that education should be an active 
and interactive process, in which all the participants are engaged in transferring processes. 
In interactive education, all the participants learn from each other. It can be especially 
highlighted in a multi- and interdisciplinary learning environment, where building a holistic 
view is important. This study suggests that studying air quality in higher education could 
shift more towards the Interdisciplinary Team Teaching and Learning environment, in 
which it is considered that each participant in the course can be a possible owner of some 
knowledge.  At least, they have experiences to share, which develop understanding and 
possible ownership of all the participants under the air quality subject area. 

In fact, the shift requires enough resources, such as time and funding for the lecturers to 
develop the course. Additionally, educational research under the subject of air quality and 
related fields, especially the studies of interdisciplinary methods, need resources. On the 
other hand, lecturers are mostly also researchers and experts with busy and varying 
schedules, and their work cannot be jeopardized. Therefore, collaboration with the 
educational experts, the use of different kinds of educational tools in the transferring 
process, and having a responsible teacher on each course, could save time and support 
lecturers in their teaching.  

The empirical phase showed that interactive and versatile lectures, especially ones with 
activities where students are able to learn by doing, and lectures with a clear content 
structure, positively influenced the experiences of the students. Especially, interactivity in 
lectures was observed to have a strong impact on student motivation. The importance of 
knowing students’ backgrounds, pre-knowledge and skills, and the educators’ interest in the 
students’ learning was clearly observed. In addition, the out-of-lecture activities, such as 
pre- and post-lecture exercises, weekly exercise sessions, and workshopping, were 
experienced to deepen the understanding of the topics.   
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Multifaceted, well-expressed and formulated, and rightly scheduled tasks, which provide 
students with the possibility to practice their knowledge and cognitive skills on different 
levels and to apply the new knowledge acquired in the lectures, enhance learning. Moreover, 
they assist students in understanding how to use new skills and knowledge in the future.   

Interestingly, although some students experienced that the contents of the lectures were too 
easy or difficult for them, it did not have any correlation with motivation. However, it 
influenced experiences about the atmosphere in the lecture.  

The lecturers clearly estimated their teaching skills to a lower level than the students did, 
which may reflect uncertainty in a new situation, as many of the lecturers were beginners.  
However, despite the lecturers’ own thoughts of their teaching, the lecturers’ experience in 
lecturing did not influence the students’ point of view on their skills in teaching. These 
findings confirm that experts also need support in teaching and learning.  

 

The study showed that the following factors are important to consider and could aid in 
creating structured and aligned educational settings in air quality context: 

 

1.) Understanding of the air quality development in the internal dynamics and interplay of 
the social, scientific, and technological processes in both history and the present. 
Simultaneously, it increases our understanding of how we can reach that knowledge, once 
achieved in history, again, and how to reach better understanding. 

 

2.) Holistic understanding of the phenomenon, which is necessary in understanding the 
complex and multidisciplinary air quality subject.  

This requires: 

a) Multidisciplinary collaboration 

b) Interdisciplinary skills and, especially, the will to interact 

c) Tools for planning and understanding the structure and dynamics of systematic 
knowledge building 

d) Creating wider perspectives of how regional differences and the economic and uneven 
distribution of welfare in the world are related to air quality 

e) Resources, such as funding and time 

 

3.) Education, in addition to the principles of the successful elements of educational process 
(Chapter 5.1. Design of this study), should pay attention to: 

a) The multi- and interdisciplinary characteristic of air quality 
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b) Well-organized and high level collaboration and interaction in different multidisciplinary 
team configurations in planning, teaching, and evaluations. Especially, education could 
benefit from interdisciplinary team teaching and learning 

c) Active learning environment, which engages students to learn with active teaching 
methods and considers that students are the owners of the knowledge and experiences as 
well as the educators are 

d) Multisided learning environment, which considers various types of tasks with different 
levels of requirement in knowledge and cognitive skills, and the application of the acquired 
knowledge 

e) Teaching that is based on and considers the students’ background, pre-knowledge, and 
skills, and builds the ownership of the participants within the subject area 

f) Ownership, self-interest, and international responsibility and world ownership in creating 
meaningful engagement and responsibility for the environment 

g) Empowerment in front of the problems, because it gives hope and aids in solving the 
problems 

 

In addition, it can be concluded that the DBR methodology was appropriate and valid to use 
in multi-and interdisciplinary research settings. Especially, if the resources, such as funding 
and time, are provided and people who are involved in the process are equipped with the 
will to interact and the patience to go through the time-consuming research process.   

 

It is also important, in both education and research, to understand that the language we use 
has developed from birth through perceptional processes and interaction between nature and 
mind expresses our understanding of the world. As well, the development in a specific 
subject area modifies the language the experts use. This leads to the language, which is 
specialized to their own disciplines.  

According to the Chinese proverb  

语言不同，人生视角也不同 (Yǔyán bùtóng, rénshēng shìjiǎo yě bùtóng),  

a different language is a different vision of life (Innovativelanguage.com).  

The proverb reminds one of the necessity that researchers and educators, especially in the 
interdisciplinary field,  should focus on writing and expressing their findings so clearly that 
the knowledge is reached, as well as possible, despite the scholar's discipline or spoken 
mother tongue.  
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Finally, as this study has inspired many questions in need of further investigation, three 
recommendations for future research are given.  

1.) Huang (2014) states that, although numerous articles have been written about the 
environmental policies and emission levels, there is a lack of studies that address how air 
pollution knowledge is transferred to environmental policy, especially in China. The 
findings of this study indicate that people need some level of ownership and self-interest on 
an air quality issue before they act. Therefore, it is important to study, in a wider perspective, 
which kinds of educational elements and issues are effective and enhance the development 
of the ownerships and self-interest on air quality issues.   

2.) Wider research on multi- and interdisciplinary educational setting is necessary. 
Especially, it should be studied how the challenges in it can be overcome. This study 
suggests studies in an educational setting, where a) the learning environment is shifted more 
towards interdisciplinary team teaching and learning, b) students’ backgrounds and pre-
knowledge are considered, and c) students are considered ‘owners’ of the knowledge and 
are engaged actively on teaching and learning process.  

3.) The research of systematic knowledge building of air quality, which includes 
investigations of the tools and skills required in the building process. These factors are 
necessary in supporting understanding of the holistic view of air quality, which further 
affects people’s thinking and behavior, and aids in the endeavor towards cleaner air. 
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Appendices 

Appendix A 

Lecture activity types, in addition to formal lecturing with slides, used in a course lectures. 
The number of lectures was 13. The lectures are in randomized order.  

 
Lecture activity type 

 
L1 

 
L2 

 
L3 

 
L4 

 
L5 

 
L6 

 
L7 

 
L8 

 
L9 

 
L10 

 
L11 

 
L12 

 
L13 

 
∑ 

% 
n=13 

Lecturer-conducted class  
discussion 

x x x x  x x x x  x x x 11 85 

Small group discussion    x x        x 3 23 
Pair discussion x    x  x x x  x x  7 54 
Student-initiated class  
discussion 

x x x  x x x x x x x x x* 12 92 

Data-analyzing with  
computers 

    x         1 8 

Online lecturing              x 1 8 
Other (activity related  
closely to the topic) 

     x   x   x x 4 31 

Number of types/lecture 
*Chat 

3 2 2 2 4 3 3 3 4 1 3 4 5   
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Appendix B 

The exact statements of evaluation forms for both students and lecturers. 

Uncompleted statements in evaluation forms 
Lecture evaluation form, student Lecture evaluation form, lecture 
1. The lecture as a whole 1. The lecture as a whole 
2. The importance of the topic was:  2. I think the students felt that the importance of the topic 

was:  
3. The lecturers’ credibility and effectiveness in teaching 
the subject matter was:  

3. My credibility and effectiveness in teaching the subject 
matter was:  

4. The difficulty level of the content versus my own skill 
and knowledge level was: 

4. The difficulty level of the content versus students’ skill 
and knowledge level was: 

5. The structure and clarity of content was: 5. The structure and clarity of content was: 
6. The usefulness of pre-exercises was: 6. The usefulness of pre-exercises was: 
7. The suitability of teaching and learning tools (power 
points, multimedia, demonstrations, animations, 
blackboard…) was: 

7. The suitability of teaching and learning tools (power 
points, multimedia, demonstrations, animations, black 
board…) was: 

8. The lecturers took into account the students’ 
background: language skills, experience and knowledge 
level:  

8. I took into account the students’ background: language 
skills, experience and knowledge level:  

9. The teaching method or methods (lecturing, group 
discussions, activation questions, demonstration) used in 
the lecture were: 

9. The teaching method or methods (lecturing, group 
discussions, activation questions, demonstration) used in 
the lecture were: 

10. The content was presented at an appropriate pace: 10. I presented the content at an appropriate pace: 
11. Explaining and construction of concepts were: 11. My explaining and construction of concepts were: 
12. The application of the new information to different 
problems and environments during the lecture was: 

12. The application of the new information to different 
problems and environments during the lecture was: 

13. The lecturer’s interest in the students’ learning was: 13. My interest in the students’ learning was: 
14. The interaction between the teacher and students 
was: 

14. The interaction between students and me was: 

15. The interaction between students was: 15. The interaction between students was: 
16. The atmosphere of the learning environment was:   16. The atmosphere of the learning environment was:   
17. The improvement in my knowledge and in skills was: 17. The improvement in students’ knowledge and in skills 

was: 
18. The understanding of when, why and where my new 
skills and knowledge could be used is: 

18. The students’ understanding of when, why and where 
they could use new skills and knowledge is: 

19. My motivation for the course right now is: 19. My motivation in teaching this topic right now is: 
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Appendix C 

Statistics of individual lectures in randomized order 

 
 

Number of Lecture1 Lecture 2 Lecture 3 Lecture 4
statement Mean SD Mean SD Mean SD Mean SD

1 5.1 0.6 4.5 0.9 4.0 1.2 5.0 0.7
2 5.2 0.9 5.3 0.7 4.9 1.0 5.2 0.8
3 5.1 0.7 4.4 1.1 3.9 1.0 4.9 0.6
4 4.3 0.9 4.3 0.7 4.2 0.9 4.5 0.8
5 5.0 0.7 4.6 0.9 3.7 0.9 4.7 0.7
6 4.1 0.9 4.8 1.1 4.3 0.9 4.7 0.9
7 4.8 0.9 4.5 1.1 4.1 1.1 4.8 0.7
8 4.8 0.7 4.2 1.1 3.9 1.4 5.0 0.6
9 5.2 0.7 4.5 1.2 3.4 1.3 5.0 0.6

10 5.3 0.7 4.5 1.0 4.1 1.4 4.6 1.0
11 5.0 0.7 4.2 1.0 4.1 0.8 4.6 0.8
12 5.0 0.7 4.5 0.8 3.9 1.4 4.7 0.7
13 5.2 0.7 4.7 0.8 3.8 1.2 5.0 0.8
14 5.3 0.6 4.8 0.8 3.8 1.5 4.8 0.8
15 5.2 0.8 5.2 0.8 3.6 1.7 5.1 0.6
16 5.1 0.6 4.7 1.1 3.9 1.5 5.0 0.6
17 4.6 0.7 4.5 0.8 3.8 1.4 4.7 0.7
18 4.8 0.8 4.5 1.0 4.1 1.6 4.7 0.6
19 5.2 0.7 4.8 1.2 4.1 1.4 4.8 0.9

Lecture 5 Lecture 6 Lecture 7 Lecture 8
Mean SD Mean SD Mean SD Mean SD

1 4.4 0.8 5.3 0.6 5.0 0.8 4.7 0.8
2 4.5 0.7 5.6 0.7 5.3 0.7 5.0 0.4
3 4.4 0.7 5.2 0.7 4.8 0.9 4.8 1.0
4 4.2 0.9 4.4 1.2 4.7 0.8 4.3 1.0
5 4.6 0.9 4.9 0.8 4.8 0.9 4.4 0.9
6 4.3 1.1 5.0 1.1 4.9 1.0 4.9 0.7
7 4.9 0.8 5.1 0.7 5.2 0.6 5.1 0.8
8 4.0 0.8 4.9 0.6 5.4 0.7 4.4 0.9
9 4.8 0.7 5.4 0.7 5.0 0.7 4.7 0.9

10 4.1 0.7 5.2 0.6 5.1 0.6 4.1 0.9
11 4.4 0.8 5.3 0.7 5.3 0.7 4.8 0.9
12 4.4 0.8 5.0 0.8 5.1 0.9 4.6 0.8
13 4.6 1.0 5.2 0.7 5.7 0.7 4.7 0.9
14 4.6 1.0 5.1 0.6 5.1 1.0 5.0 0.6
15 4.0 1.1 5.1 0.7 3.7 1.3 4.8 0.6
16 4.7 0.6 5.1 0.5 5.1 0.6 4.9 0.8
17 4.6 0.7 4.6 1.2 5.1 0.7 4.5 0.9
18 4.6 0.8 4.9 0.8 5.2 1.0 4.6 0.9
19 4.9 0.7 5.1 0.8 5.4 0.5 5.1 0.9

Lecture 9 Lecture 10 Lecture 11 Lecture 12 Lecture 13
Mean SD Mean SD Mean SD Mean SD Mean SD

1 4.8 0.8 4.7 0.6 4.8 0.7 4.3 0.7 4.8 0.9
2 5.4 0.8 5.2 0.8 5.1 0.5 4.9 0.5 4.8 0.6
3 5.1 1.0 4.8 0.8 4.8 0.8 4.6 0.9 4.6 1.0
4 4.1 1.5 4.2 1.5 4.1 1.0 3.8 1.0 4.2 0.5
5 5.1 0.9 5.0 0.7 5.0 0.6 4.4 0.9 4.3 1.0
6 4.4 1.2 5.1 0.8 4.1 1.3 4.0 1.2 3.7 1.1
7 5.1 1.0 4.8 0.9 5.0 0.6 4.7 0.8 4.3 1.6
8 4.6 1.1 4.8 0.9 4.9 0.6 4.4 1.0 4.1 1.4
9 5.0 0.8 4.5 1.3 4.8 0.9 4.5 0.8 4.2 1.4

10 5.1 1.0 5.2 0.9 5.0 0.6 4.2 1.2 3.7 1.2
11 5.0 0.7 4.8 0.7 4.8 0.9 4.5 0.9 4.4 1.1
12 4.6 1.1 4.8 0.9 4.2 0.9 4.3 0.8 4.6 1.0
13 5.4 0.6 5.1 0.6 4.9 0.7 4.9 0.8 4.2 1.3
14 4.9 1.1 4.9 0.9 5.0 0.6 4.7 1.0 4.3 1.3
15 5.3 0.8 3.5 1.3 4.4 0.9 3.0 1.2 3.7 1.5
16 5.4 0.7 4.8 0.9 4.8 0.8 4.5 0.8 4.3 1.5
17 4.5 1.0 4.6 1.0 4.3 0.9 4.1 1.1 4.3 1.2
18 4.6 1.2 4.7 1.0 4.2 1.2 4.6 0.9 4.3 1.2
19 5.5 0.9 5.2 0.9 5.1 0.6 4.9 0.6 4.3 1.5
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Appendix D 

The statement mean differences with the possible statistical significance between the  

lecturers’ and the students’ lecture evaluations.  

 Summarized data from Lecturers views of their 
own lectures (n=12) 
Scale: very poor 1, poor 2, fair 3, good 4, very 
good 5, and excellent 6 

Comparison of means 
Student and lecturer responses 
 
 

Statemen
t no.  Mean 

(L) SD Min 
P25
% Mdn 

P75
% 

Ma
x 

Mean(S
) –  
Mean(L) p 

Statistical significance of mean 
difference (MD)  

1. 4.08 0.64 3 4 4 4.75 5 0.76 0.003 ** 
2. 4.42 0.64 3 4 4.5 5 5 0.82 0.001 ** 
3. 4.17 0.55 3 4 4 4.75 5 0.70 0.006 ** 
4. 4.42 0.64 3 4 4.5 5 5 -0.09 0.788  
5. 3.58 0.76 2 3 4 4 5 1.22 0.000 *** 
6. 4.09 0.90 3 3 4 5 6 0.50 0.120  
7. 3.75 0.43 3 3.25 4 4 4 1.19 0.000 *** 
8. 4.17 0.37 4 4 4 4 5 0.49 0.039 * 
9. 4.08 0.64 3 4 4 4.75 5 0.75 0.004 ** 
10. 3.92 0.86 2 3.25 4 4.75 5 0.87 0.005 ** 
11. 4.17 0.55 3 4 4 4.75 5 0.70 0.004 ** 
12. 4.08 0.64 3 4 4 4.75 5 0.62 0.015 ** 
13. 4.75 0.72 4 4 5 5 6 0.26 0.196  
14. 4.42 0.86 3 4 4.5 5 6 0.53 0.047 * 
15. 4.00 1.29 2 3 4 5 6 0.44 0.218  
16. 4.67 0.62 4 4 5 5 6 0.27 0.132  
17. 4.08 0.76 3 4 4 4 6 0.50 0.038 * 
18. 4.33 0.75 3 4 4 5 6 0.39 0.119  
19. 5.25 0.83 4 4.25 5.5 6 6 -0.14 0.735  
*Almost significant, p<0.05, **Significant, p<0.01, **Highly significant, p<0.001 (KvantiMOTV, 2003.) 
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Appendix E 

 

Correlation matrix of statements of lecture MCQs 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19
S1 1.00
S2 0.61 1.00
S3 0.69 0.55 1.00
S4 0.36 0.23 0.25 1.00
S5 0.71 0.51 0.25 0.25 1.00
S6 0.48 0.48 0.49 0.24 0.49 1.00
S7 0.54 0.36 0.51 0.18 0.61 0.43 1.00
S8 0.59 0.51 0.53 0.38 0.48 0.46 0.51 1.00
S9 0.67 0.45 0.60 0.23 0.66 0.29 0.68 0.55 1.00
S10 0.63 0.53 0.56 0.17 0.68 0.51 0.59 0.61 0.63 1.00
S11 0.69 0.49 0.66 0.25 0.69 0.46 0.52 0.59 0.65 0.64 1.00
S12 0.63 0.61 0.58 0.24 0.60 0.57 0.51 0.55 0.57 0.61 0.63 1.00
S13 0.66 0.57 0.59 0.22 0.64 0.49 0.54 0.63 0.67 0.70 0.64 0.70 1.00
S14 0.64 0.52 0.57 0.21 0.62 0.48 0.53 0.54 0.61 0.56 0.58 0.64 0.77 1.00
S15 0.34 0.28 0.30 0.23 0.39 0.22 0.37 0.27 0.48 0.40 0.31 0.39 0.38 0.50 1.00
S16 0.63 0.50 0.63 0.55 0.68 0.40 0.67 0.53 0.77 0.66 0.64 0.64 0.66 0.64 0.55 1.00
S17 0.59 0.44 0.43 0.44 0.51 0.44 0.42 0.50 0.52 0.42 0.46 0.60 0.59 0.49 0.27 0.52 1.00
S18 0.57 0.55 0.48 0.26 0.57 0.58 0.47 0.56 0.58 0.61 0.58 0.73 0.67 0.53 0.31 0.60 0.62 1.00
S19 0.60 0.54 0.55 0.12 0.59 0.41 0.64 0.56 0.66 0.59 0.57 0.65 0.74 0.65 0.41 0.58 0.58 0.66 1.00
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Appendix F 

Categories of pre-exercise task types 

 
Categories of task 
types in Pre-exercises 

 
 
L1 

 
 
L2 

 
 
L3  

 
 
L4 

 
 
L5 

 
 
L6 

 
 
L7 

 
 
L8 

 
 
L9 

 
 
L10 

 
 
L11 

 
 
L12 

 
 

 
 
∑ 

 
% 
n=2
8 

Real-world problem 
solving (RWS) 

- 1 6 1  1 3 1 3 4 4 1  25 89 

Qualitative problem 
solving (QUAL) 

- 1 6 1 3 1 2 1 3 2 3 1  24 86 

Quantitative problem 
solving (QUAN) 

-  1   1 1 1  2    6 21 

Study new knowledge 
from articles, internet 
pages, from the 
information given in a 
task, etc. (SNK) 

- 1 1       3 1   6 21 

Apply given data set, 
use models (ADM) 

  1           1 4 

Observation in real-life 
(ON) 

  1     1  1 3   6 21 

Term definition or short 
explanation (TD) 

 1   1  3  2     7 25 

Integrative Problem 
solving (IPS) 

  2 1 1 1 1  1  1 1  9 32 

Number of types/lecture  -               
Number of units  1 6 1 3 1 3 1 3 4 4 1  28 100 
Categories of task 
types in Weekly 
exercises 

 
L1 

 
L2 

 
L3  

 
L4 

 
L5 

 
L6 

 
L7 

 
L8 

 
L9 

 
L10 

 
L11 

 
L12 

E
X 

 
∑ 

% 
n= 

Essay writing (EW) 1     1 1    2  5   
Drawing (DR) 1  1 2    1        
Mathematical 
formulation (MF) 

       1        

Qualitative problem 
solving (QUAL) 

2 3 3 5 6 1 1 1 2 5 2  1
7 

  

Quantitative problem 
solving (QUAN) 

4 1 1 1 1 1 1 3 2 3  1 5   

Study new knowledge 
from articles, internet 
pages, from the 
information given in a 
task, etc. (SNK) 

2   1  1 1   1  1    

Apply given data set, 
use models (ADM) 

 1  4  1      1 6   

Real-world problem 
solving (RWS) 

3 4 3 6 6 1 2 2 3 5 2 1 1
1 

  

Integrative Problem 
solving (IPS) 

1 3  7 4 1 1 1 2 4 2  9   

Term definition or short 
explanation (TD) 

  2  2        8   

Creative task (CT) 1     1 1    2  1   
Number of units 9 4 5 7 6  2 4 3 8 2 1 1

7 
  

 



313 
 

 

Appendix G 

The examples of task categorization. 

Task 1: Which variables are monitored in Finland and UK air quality indexes? 

Classification: Cognitive process: Remember; Knowledge: Factual knowledge (LOCS) 

Explanations: Student just need to recognize the names and symbols of the measured components. Word symbol 
refers to Factual knowledge category and recognize to the remember category.  

Task 2: Find out what is a wind rose? 

Classification: Cognitive process: Understand; Knowledge: Conceptual knowledge (LOCS) 

Explanations: Student need to explain and construct meaning for the concept wind rose. The word find out what 
refers to the words explain and construct therefore it belongs to the category of Understand. In addition, explaining 
concepts require conceptual knowledge.  

Task 3: Solve the differential equation (mass-balance equation) and plot the indoor concentration as a function of 
time.  

Classification: Cognitive process: Apply; Knowledge: Procedural knowledge (LOCS) 

Explanations: Student need to implement and apply the subject specific skills in solving the given equations.  In 
solving, he needs procedural knowledge such as mathematical operations.  

Task 4: Assume that a huge chemical factory exploded in Helsinki on 8 September 2015 at 15:00 EEST. You are 
working as an air quality authority at that moment and you have to give a warning to the people who may get affected 
by the dangerous plume. To which areas do you give the warning? 

Classification: Cognitive process: Analyze; Knowledge: Metacognitive knowledge (HOCS) 

Explanations: Student need to analyze the map given in an exercise and think the causes and effects of the situation. 
Metacognitive skills are needed especially when the students need to think and analyze his own behavior and actions 
in an unexpected situation.   

Task 5: …Revise this assignment using lecture materials and create a proposal of how to improve ecosystems 
around your location and increase the value of ecosystem services.  

Classification: Cognitive process: Create; Knowledge: Metacognitive knowledge (HOCS) 

Explanations: Student need to put the things learned together and simultaneously plan, produce and create 
something new.  Thus, the category is clearly Create. The task do not provide specific orders or models how the 
knowledge has to be created. Therefore, the metacognitive skills are needed.  
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Appendix H 

The results from the lecturer course open-ended questionnaire results. The table includes 
categorized units of analysis as themes. Their description, examples and number and 

proportion of the observations. 

Proportion of unit of analysis counted separately from each open-ended questions.  
1. What kinds of things did you find challenging when planning the course? (Units of analysis, N=17) 
Theme  Description Example Number of 

observations(proportion) 
Lack of Time (LT) Too much content to 

cover in a time available 
“Having only one hour to cover the 
concept…” (LT) 
“…data must be done in one 
lecture” (LT) 

4 (24%) 

Essential content 
(EC) 

Difficulty to choose the 
essential content  

“My topic is also very large, or at 
least I feel that there are so many 
things they should learn…” (EC) 

3 (18%) 

Students’ background 
(BG) 

Not enough knowledge of 
the background (BG1) 

“I do not know very well the 
backgrounds of the students.”(BG1) 

3 (18%) 

 Variability of students’ 
backgrounds (BG2) 

“…heterogeneous background of 
the students” (BG2) 

4 (24%) 

Substitute lecturing 
(SL) 

Lecturer substituted 
another lecturer 

“..more of a challenge as I wanted 
to try to use his slides and logic” 
(SL) 

1 (6%) 

Communication (CO) Lack of communication 
between the lecturer and 
course leaders 

“..it was not clear what should be 
prepared for each meeting…what 
they wanted the lecture focus on…” 
(CO) 

1 (6%) 

Background material 
(BM) 

Lack of background 
material 

“I should reduce the amount of 
information, which would be difficult 
because there was no background 
material…” (BM) 

1 (6%) 

2. What kinds of things did you find successful in your lecture? (Units of analysis, N=18) 
Theme   Description  Example  n (n/N%) 
Lecture activities (LA) Activities carried out by 

the lecturer 
“The computer exercises, …” (LA) 1(6%) 

Motivation and 
interest (MO) 

Lecturer felt that he or 
she was able to raise 
students’ motivation and 
interest and lecturer’s 
motivation increased 

“Many students seemed to be 
interested on the topic.” (MO) 

4 (22%) 

Content balance (CB) The difficulty level and 
the chosen topics were in 
balance. 

“I was quite happy with the content 
and representation of them.” (CB + 
SS) 

4 (22%) 

Future steps (FS) Lecturer was able to give 
advises for the future and 
in deepening the 
understanding.  

“…give hint of where to find 
information for solving the 
exercise…” (FS) 

1 (6%) 

Representation skills 
(SS) 

Lecturer felt self 
confidence in 
presentation and with the 
topic. 

“I was quite confident with what I 
presented, which can sometimes 
not be the case when lecturing a 
wide topic for the first time.” (SS) 

3 (17%) 

Interaction (IN) Interaction in the lecture 
made the lecture feel 
successful. 

“The students were active to ask 
and discuss, which is great, …” (IN) 

5 (28%) 
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“People were working together, 
discussing and solving problems 
together.” (IN) 

3. How are you going to improve the teaching of your topic at next time? (Units of analysis N=16) 
Theme   Description  Example  n (n/N%) 
Less content (LC) Decreasing the number 

of slides and/or 
information 

“some…data could be left 
out…concentrate only on …” (LC) 

6 (35%)  

Teaching methods 
(TM) 

increasing student 
centered methods and 
interaction between them 

“More interaction. Less teaching.” 
“More activation of the students …” 
(TM) 

7(41%) 

Home tasks (HT) Shifting some information 
from the lecture to the 
home tasks and 
additional material 

“..not shown in the lecture but 
distribute them as additional 
material”.  (HT) 

1 (12%) 

Lecture preparation 
(LP) 

Feeling that did not know 
how to teach certain part 

“I did not explain.the best possible 
way…I should have gone that 
through before the lecture!” (LP) 

1 (6%) 

Change everything 
(CE) 

Beginning the whole 
process from the 
beginning 

“”I would definitely not do it as it 
was done this time. This approach 
does not fit me at all…” (CE) 

1 (6%) 

4. How the process of Air Quality Education project has improved or affected your attitudes, skills or 
knowledge? (N=17) 
AQ knowledge  (AQ) Lecturer learned new 

knowledge 
“I did not know how the…when I 
travel to China…I will try to avoid 
staying outdoors and especially 
doing sports there…” (AQ) 
 

1 (6%) 

Teaching and 
learning (TL) 

Improvements in 
teaching and learning 

“It has been very useful to consider 
teaching and learning so 
profoundly.” (TL) 
“It gave an interesting experience of 
teaching in as unusual situation. 
(diverse students, very many topics, 
etc.” (TL) 
“…you are forced to think what the 
learning outcomes should be…you 
necessarily don’t always think so 
carefully.” (TL) 
“This convinced me something I 
have already known fro some time 
know; the less I speak, the less the 
students fell asleep and the more 
they learn.” (TL) 
“I learned a lot of new 
things….slides will certainly be 
useful otherwise.” (TL) 
“Strengthen my vision and style…” 
“I have learned new teaching 
methods…” (TL) 

9 (53%) 

Multiple views and 
collaboration (MC) 

The collaboration 
improved skills to 
communicate and 
collaborate and opened 
different views on 
phenomena. 

“It has also been useful to discuss 
the contents with someone outside 
our faculty, to see what is essential 
and what is not.” (MC) 
“I have felt that the work we did was 
important, meaningful and 
rewarding.” (MC) 

5(29%) 
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Feedback (FB)  “good if there is some student 
feedback …you are forced to 
think…” (FB) 

1 (6%)  

No improvement 
(NI) 

 “It was not improved anything.” (NI) 1 (6%) 

Other notifications (N=3) 
Practical problems 
(PP) 

Problems in course 
practices  

“I have puzzled with the 
multifaceted weekly timetable” 

1 (33%) 

Atmosphere (AT) 
 

Factors effecting on 
atmosphere in learning 
environment 

“There were many lecturers so that 
It is impossible to get trust between 
the teachers and students” (AT) 
“On Monday morning…I was a bit in 
the weekend mood…and did not 
explain…best possible way…” (AT) 

11 (66%) 
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