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Introduction
Students in Finland have a constitutional right for education that meets the special needs that may arise in case of a learning disability (Opetushallitus 2014).
This thesis is, in part, made for subject teachers as a guide in facing common
learning disabilities. A part of subject teachers’ expertise is detecting traits that
are associated with common disabilities, and planning instruction acknowledging existing diagnoses. The emphasis, however, is on the latter theme, and an
assessment tool for that purpose is presented later on.
The learning disabilities of focus in this thesis are attention deficit and hyperactivity disorder (ADHD), autism spectrum disorders (ASD), and dyslexia.
The occurrence of dyslexia is relatively high, 3-10 % (Snowling 2000). ADHD is
somewhat as common, 5 % (Martinussen & Major 2011), and acknowledging a
hyperactive student, at worst, prevents the whole group’s learning. ASD is not
quite as common, and its occurrence lies somewhere between 1 in 110 and 1 in
90. Literature discusses methods that, at best, stop differences in performance
from developing between these groups of students and their neurotypical peers.
Research on ADHD, ASD, and dyslexia was applied to find effective methods
for physics and science instruction. Activity-based methods were quite dominant
(i.a. Mastopieri et al. 1999), and when applied appropriately, they are suitable
for students with special needs.
Another dominant theme in this thesis is climate change, which is the subject matter of the learning module that will be assessed in the point of view
of students with special needs. According to the fifth assessment of intergovernmental panel on climate change (2013), climate change includes substantial
risks for humanity, and gradually improving climate models predict tremendous
loss in glacial mass, considerable temperature increase, and extreme weather
events.
The module, however, was not designed to frighten students, but to give
them skills and courage to make a change. Action competence framework was
applied to accomplish this goal, and it is also rather compatible with the Finnish
curriculum. In short, action competence is ability and willingness to carry out
intentional actions, which may, at times, be a challenge to us and world leaders
alike.
The action competence approach and learning disabilities have not previously been analyzed together. Since all students share the right to quality
education, educational ideals, too, need to be properly analyzed in this point
of view in addition to analysis on actual learning materials. The first research
question of this thesis is whether the Action Competence approach is well suited
for students with ADHD, ASD, or dyslexia
This thesis consists of four parts. First, literature on education for students
with special needs and action competence was synthesized. This is the theoretical backround for analysis. Secondly, a tool for investigating and improving
learning modules to meet the needs of students with ADHD, autism or dyslexia
was assembled according to the body of research. Third, the Action Competence
approach was assessed in the point of view of students with disabilities. Finally,
3

the tool was used to assess the I SEE learning module on climate change to answer the second research question: Is the I SEE climate change module suitable
for students with learning disabilities, and how can the module be improved?
Many exciting themes were examined in the course of this research, but unfortunately only a small part of the fascinating connections were investigated. A
great amount of experimental set-ups could be designed, but due to the preliminary nature of action competence and learning disability research, they could
not have been properly carried out in this timeframe. Nevertheless, an assessment tool for inclusive instruction was developed and used, and also its limits
were reached. Both the assessment tool and the module were alone interesting
topics to explore.

1
1.1

Theoretical Backround
Overcoming Learning Disabilities in Education

While looking at short definitions of specific learning disabilities, such as dyslexia
and autism, one might make an assumption that they are mostly very different of nature. Of the chosen learning disabilities, ADHD and autism spectrum
disorders are considered psychiatric disorders (Lönnqvist et al. 2007), which
singles out dyslexia as a strictly learning-related disability. The following chapter, however, demonstrates how students with different disabilities share many
characteristics and challenges, and often very similar changes or interventions
can help many students with special needs. Obviously differences do occur, and
teachers should be very careful in choosing appropriate modifications to their
instruction. For example, reading and understanding long texts is an issue for
students of all groups, but the reasons vary. Students with ADHD have problems with maintaining focus and dyslexic students’ perception of written words
is inferior to neurotypical students’, whereas students with ASD struggle with
idioms and thus have a lower level of reading comprehension. Some similarities
can be observed in figure 3, which is a short summary of some correlations (not
always causalities) related to the chosen learning disabilities. Claims made in
the figure are all explained in further detail in this chapter.
First, ADHD, Autism spectrum disorders and dyslexia are studied individually, and different aspects of special needs are considered in two categories:
Improving students’ skills, and forms of scaffolding. Students with ADHD,
ASD and dyslexia can fall behind in certain skills, and these students can be
supported by teaching these skills in more depth than neurotypical students
usually need. Students’ special needs can also be met by altering instruction or
learning materials in a way that makes them accessible for all students.
Second, the Finnish three stage model of supporting students with special
needs (kolmiportainen tuki) is introduced and assessed in accordance with the
named learning disabilities. Finally, different inclusive science education related
learning methods are reviewed. The learning methods were found by searches
with ”inclusive”, ”students with special needs”, and ”students with disabilities”
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Figure 1: Summary of characteristics in correlation with different learning disabilities. The claims made here are explained in more detail in the following
sections.
coupled with ”physics education” or ”science education”.
1.1.1

Attention Deficit and Hyperactivity Disorder (ADHD)

In this chapter ADHD is described according to the ICD-10 diagnostic system.
The articles are not strictly physics-related unless specified otherwise.
Symptoms of ADHD include lack of concentration, which can present itself
as getting distracted due to ordinary stimuli or negligence in exercises and tasks.
Students with ADHD are unable to follow instructions age appropriately, they
might misplace their belongings frequently, or forget important tasks. ADHD
may also result in avoiding tasks that require concentration or finding them
repulsive.
In addition to problems with attention, hyperactivity and impulsivity are
also symptoms of ADHD. Hyperactivity is described as inappropriate physical
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activity and producing loud noises. Impulsivity can manifest itself as inability
to wait for own turn or answering questions too quickly, which may lead to interrupting conversations or games of peers. Impulsive students are also inclined
to speak more than appropriate.
According to Lönnqvist et al. (2007), ADHD is psychiatrically speaking distinctively a childhood disorder. The book states, that the child’s psychosocial
environment is crucial to their prognosis. In addition, ADHD is recognizeable
even before preschool age, and an early diagnosis is important. Coexistent disorders are common and further impair the prognosis (Lönnqvist et al. 2007).
These facts imply that a diagnosis as late as in student’s teens requires immediate attention and scaffolding.
ADHD has pervasive and long-lasting effects on students. There is evidence
that suggests low academic performance among individuals with ADHD also in
the long run (Frazier et al. 2007). The statistically low performance is partly
a result of a correlation between problems with working memory and ADHD
(Martinussen & Major 2011).
Students with ADHD have multiple options for improving skills to enhance
overall performance, including general problem-solving strategies and studying
skills. The following three articles were devoted to these goals.
Slusarek et al. (2001) investigated the effects of rewards with students with
a diagnosis of ADHD in a game-like environment. In the study students tried
to score as many points as possible without any external reward. The results
suggest that simply offering higher reward points in exercises that require inhibitory control. More research is needed on changing curricula to encourage
students to pay attention.
Gureasko-Moore (2006) describes an intervention that includes improving
skills in studying and preparing for studying. The program improved the three
test subjects’ participation to lessons. The program required work outside of the
lessons but the research may indicate that teaching studying skills in smaller
portions could be beneficial for students with ADHD. For example a list of
things needed in the beginning of a lesson could be provided to students. The
list used in the experiment included the statement ”I had my textbook opened
in front of me in the beginning of the lesson”. Martinussen and Major (2011
[Meltzer & Krishnan (2007)]) mentions teaching goal-oriented behaviour as a
way of supporting students who also have problems with their working memory.
Research in mathematics education has produced encouraging results while
promoting executive function through similar type of practice. Iseman and
Naglieri (2011) describes an instruction tool that teaches problem solving strategies to students aged 10-15 years. In addition to traditional mathematics exercises the students practiced problem solving strategies. This approach could
likely be implemented in physics exercises that include calculating. The strength
of the program in mathematics was long term results. The students in the problem solving strategy group scored higher points than students in the control
group in an exam a year after the course.
Some forms of scaffolding include altering instruction or assignments to better suit the needs of students. The following articles show some suggestions in
6

that area.
Fabio and Antionetti (2012) describes a theoretically well justified learning
module on the solar system to 13-year-old students (on average). The content
information and exercises were presented in a HTML environment with materials placed in the form of concept map instead of the traditional linear text.
The website contained multisensory materials in the format of text, pictures,
audio and videos. The concept map form was considered helpful in maintaining concentration on the subject matter and forming a coherent understanding
of the content. The article used the Anderson taxonomy (Fabio ja Antionetti
2012, [Anderson 1995]) which divides information into categories of declarative,
conditional and procedural level of knowledge. The article stated that the hypermedia format supports especially learning of the highest, procedural level
also in the control group. Test subjects with ADHD benefited from the HTML
environment also on the lower levels of the taxonomy. The differences were
mainly recorded in an examination that took place a month after the actual
course. It can be concluded that in addition to providing a helpful tool for
students with special needs, a hypermedia environment encourages the whole
inclusive class into deep learning.
Solomonidou et al. (2004) analyzed the effect of different computerized tools
to subjects’ behaviour. The used learning materials also included physics. Differences between students with ADHD and students from the control group were
recorded but due to the small sample size it is difficult to make assumptions
(N=13). For example, controlling the computer was beneficial in maintaining
the attention of a student with ADHD whereas having their partner control
the keyboard the students were less focused and they may have even disturb
their partner by speaking or touching them. However, this did not apply with
the physics exercises involved because of their complexity. A phenomenon mentioned above was also recorded in this experiment: Videos with a narrator, audio content, pictures, and short texts maintained students’ concentration better
than long texts and long unnarrated videos.
Splitting instructions into smaller parts can be suggested to minimize problems with executive function and working memory (Martinussen & Major. 2011,
Graham et al. 2007). Graham et al. (2007) suggests gradually decreasing the
amount of instructions while learning to write longer texts. This could be an
effective structure in teaching different exercise types in physics.
Stormont (2008) suggests using post-it notes in directing and maintaining attention among primary school students. Use of highlighters can be well advised
in long instructions. The student can highlight different tasks of the exercise in
order. In mathematics students can highlight different mathematical operators.
If students repeatedly have problems with a specific type of exercise, they can
compile instructions on a post-it. Time management skills can also be improved
by writing schedules and tasklists on post-its. These forms of scaffolding also
teach students skills in executive function and planning their work.
According to articles mentioned above, a final exam with long written instructions or that requires writing long texts is a poor fit for students with
ADHD. More research is needed in equal assessment of students with special
7

needs. The Finnish curriculum which came into effect 2016 requires teachers to
evaluate students’ performance continuously and diversely, which can in turn
improve student equality. If a final exam is to be used, it would be interesting
to know what effects a test made into a hypermedia environment (Fabio and
Antionetti 2012) would have.
1.1.2

Autism Spectrum Disorders

According to the Centers of Diseases Control, one in 110 children in the US
are diagnosed with an autism spectrum disorder (ASD). Wall (2008) gives an
estimate of one in 100. Some autistic children can excel in a mainstream classroom, and such type of an ASD is referred as Asperger’s syndrome (AS). Usual
characteristics of an autistic student include limited or inappropriate body language and deficits in social skills, decreased ability to emphatize, enjoyment of
patterns and logic, need for structure and routine, and hightened sensitivity to
different stimuli. There are many ways to overcome problems that combining
these student characteristics with traditional instruction undoubtedly create,
and even use them to the learners’ advantage. (Saunders et al. 2011)
”Triad of impairments”, summarized below, can be used to categorize autistic traits (Wall, 2008).
Social Interaction: Students with ASD have difficulty understanding social interaction, which may lead to seemingly ill behaviour. Students can have
problems appreciating social rules of physical contact, for instance not realizing
the importance of personal space. This impairment can also become visible in
inappropriate, perhaps too formal approaches to people.
Social Communication: Autistic students can misinterpret or simply ignore many communicational cues that neurotypical students consider obvious.
Consequently, idioms, facial expressions, and body language are difficult to
fathom. In extreme cases, only literal meanings of spoken and written words
are understood. Related problems may arise in a classroom with following social rules in classrooms, such as raising one’s hand to speak, or simply when to
engage in conversations.
Imagination: The category of imagination can include problems in organizing work or planning one’s life, but also strong urge to maintain certain
routines, and feelings of anxiety when these routines cannot be followed, for
example in case of changes in the school timetable. Autistic students may also
have a narrow field of interest, which they can focus on extremely intensively
and over long periods of time. Finally, the area of imagination includes students’ inability to understand and imagine the impact they may have on others
through their actions.
These categories include very similar traits to the set of symptoms described
by Saunders et al (2011).
Wall (2008) also presents another commonly accepted list of symptoms,
which includes ”lack of desire for contact with others” as a trait associated
with ASD. As mentioned later on in the book, adolescents with ASD can be
very indifferent about being a part of teenage groups, but some can experience
8

strong anxiety in being unable to interact socially.
Lönnqvist et al. (2007) labels autism spectrum disorders as a part of children’s psychiatry, and suggests the origin of autism is biological but unknown.
Interestingly, ADHD is said to be common among children with Asperger’s syndrome.
A majority of articles regarding science education for students with ASD
were discussing improvement of reading comprehension. Most of said research
was preliminary, but it is clear that autistic students’ weakness in understanding
nuances can lead to lowered reading comprehension. (i.a. Knight et al. 2013)
Scaffolding that aims for improving some specific skill is, in case of ASD,
mainly dedicated to reading comprehension. The four subsequent articles have
some suggestions regarding these methods.
While autistic students have a good ability in reading, they may have difficulty in reading comprehension and generalizing phenomena (Carnahan &
Williamson 2013, Knight et al. 2013). However, they have a strong will to
learn the big picture. Another interesting trait in the students is sensitivity
to stimuli. In science education there are several ways to take these aspects
into account. Students’ sensitivity has potential to make them very skilled in
making detailed observations, and hence ask good scientific questions based on
them. The students may also have significant attention to detail, which in turn
could lead to a great talent in recording data. Some activities, such as using
formulas, measuring and word problems, are not automatically well structured,
but with good instructions autistic students can benefit from all of them. Nevertheless, autism can lead to significant problems in open exploration, making a
hypothesis, interpreting data, and making conclusions. (Saunders et al. 2011)
Again, to improve vocabulary and reading comprehension of students with
ASD, an intervention based on graphic organizers was designed. The graphic
organizers in question were used to teach the science of convection, and consisted
of a figure of related concepts in a typical context. The goal was to improve
overall science literacy. Graphic organizers were chosen because of their role as a
type of visual support and the opportunity to organize key concepts. The results
suggest that GOs can provide flexible answers from students, which makes it
an effective means of formative assessment. GOs are already used in general
education classrooms, and combined with other effective practices and with the
assistance of a special educator, students with ASD can benefit from them.
(Knight et al. 2013)
Other preliminary results on enhancing reading comprehension in younger
students have been recorded using a text pattern recognition program. The chosen pattern was compare-contrast, and Venn-diagrams were used in comparing
two science concepts. Students were shown a list of specific signal words such as
”both”. When texts were minimalistic and short, the method increased reading
comprehension. It is yet unknown whether teaching text patterns could be a
solution to enhancing reading comprehension among students on the spectrum.
(Carnahan & Williamson 2013)
Knight et al. (2015) took an IT focused approach to enhance students’
reading comprehension. A Supported Electronic Text (eText) was developed on
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the BookBuilder platform for special needs students. The text was designed to
have explanatory, illustrative, and translational aides combined with summarizing tools, additional backround information, and finally embedded coaches. The
coaches gave students tools to understanding. At first, a coach could simply ask
the student to predict what the following chapter was about, then give a small
hint, and finally suggest a comprehension strategy. Learning outcomes were not
statistically significantly enhanced, but research subjects found many aspects of
the eText helpful. Providing students with meanings to words, learning coaches
and pictures were considered the best tools, which is in line with the two articles
described above.
A review article on mathematics interventions for students with ASD suggests that using visual aids or tools for guiding students in problem solving
can enhance learning. Said tools can include teaching problem solving in specific stages. (Hart Barnett 2015) The introduced methods of teaching did not,
naturally, consist as greatly of ways to promote reading comprehension, but visual representations and cognitive strategies has been mentioned in the science
specific articles.
Autistic students thrive in familiarity, and thus need structure and routine.
A simple way to ensure that is to give the students a schedule of daily events
and place it somewhere visible. (Saunders et al. 2011)
A lesson plan in chemistry has been designed to address the problem of students with ASD being underrepresented in colleges and universities. To promote
skills needed at the university level, four strategies with a focus on social skills
and structural support were used. The first strategy, priming, included a calm
transition to the lesson using cue cards. Neurotypical peer supports were used
to encourage and redirect the student’s work and assist with organizing materials. Clear roles and expectations were established, and students were given the
opportunity to have scripted conversations. Activity schedules were provided,
and some visual supports were used to ensure comprehension. (Chalfant et al.
2017)
Smith et al. (2013) had an interesting approach to teaching vocabulary
to students with ASD, which included an inclusive instruction setting with an
intervention embedded in a general education classroom using iPads. Students
with ASD had slideshow-based exercises to finish during regular practice time.
The slideshows included questionnaires and methods of explicit instructions were
used. This combination produced good learning outcomes but it is uncertain
which aspects of the experiment were the most important ones.
1.1.3

Dyslexia

Snowling (2000) describes dyslexia as a hereditary brain development decline.
Students with dyslexia have a statistically lower level of literacy compared to
their IQ. Hence, poor literacy in itself is not a definitive sign of dyslexia. Typically dyslexic students comprehend text better when it is read aloud for them.
In some cases, students with dyslexia have a wider vocabulary than generally
low achieving students with similar literacy skills.
10

Reid (2010) lists dyslexic strengths and weaknesses as having good visual
skills, a broad expressive vocabulary, performing well in team games and having a relatively good understanding of language, or on the other hand, having
inferior skills in remembering spelling rules, reading aloud, reading speed and
organizing work.
Kay and Yeo (2003) mentions challenges with memorizing facts or problem
solving strategies for assignments, working memory deficits, and comprehension of long assignments as dyslexia symptoms that cause problems especially
in mathematics. Severe dyslexia can be linked to difficulty in comprehending
spoken language or visuo-spatial perception. This is in contradiction to many
definitions for dyslexia, but can also be a result of overlapping learning disabilities.
In short, dyslexia presents itself as delayed development of literacy compared
to age and overall academic achievement, but this an imperfect definition. As
educators, we need to focus on dyslexic students’ strengths instead of weaknesses
to make learning a positive experience.
Reid (2010) reminds that, contrary to popular belief, dyslexia does not only
affect issues related to reading and writing, but throughout the procedure of
information processing. Dyslexic students have a different way of reacting to
stimuli, communicating their thoughts, and most importantly, cognition. It
is very common among dyslexics to have a different approach in using one’s
memory and making sense of information.
Dyslexia also affects occupation choices. A comparison between dyslexic
and neurotypical adults was made, and subjects with dyslexia were employed in
fields that included working with people. Dyslexic adults were recorded to be
employed less in science, management or finance. Most of the adults had not
been diagnosed before the experiment. In other words, the results concern individuals who have studied with untreated dyslexia. The difference is considered
to stem from different interests as well as requirements in competence. (Taylor
& Walter 2003)
In addition to problems with reading and mathematical achievement dyslexia
is associated with challenges with mental health. Consequently, many emotional
and coping skills related interventions have been implemented on middle school
level. A study was conducted with two classes of primary school students, some
of whom were diagnosed with dyslexia. The students took part in a learning
module on coping skills during normal lessons, and dyslexic students had additional sessions about dyslexia. The program included learning constructive
coping skills such as positive thinking, resilience and facing one’s problems.
Destructive means of coping include self-blame, giving up, and avoiding the
problem. All students improved their coping skills during the program and
dyslexic students possibly even more so during the program. An interesting
finding has been made about Australian sixth-graders and coping skills: At
that age dyslexic and neurotypical students do not show significant differences,
which means they manifest themselves in the transition into middle school. To
conclude, in addition to mathematical and language skills, dyslexic students
should receive emotional skills training and education in constructive problem
11

solving. (Firth et al. 2013) This is an example on improving dyslexic students’
skills in order to improve learning outcomes.
The following articles are dedicated to scaffolding through alterations in
instruction and learning materials:
Papalexopoulos et al. (2008) presents a textbook designed to cater for
dyslexic students’ needs in middle school level.
The textbook was composed according to four criteria:
• Familiar language is used
• Written information is also presented in a picture form
• Images are simple and precise – drawings and figures are more effective
than photos, and complex terms must be explained
• Basic concepts are highlighted and repeated, and information is represented in multiple formats, for example as tables, data or diagrams.
Students’ performance was observed within four categories: Recognition of
phenomena, physical quantities, measurement units, and relationships between
quantities and equations. However, the researchers did not consider the hierarchical nature of the categories in depth, which makes the article slightly less
reliable.
These criteria are clearly based on good understanding of the nature of
dyslexia. All of the ideas are aligned with Reid (2010). Familiar language
is of great assistance when a student strongly relies their understanding on
context. This dyslexic trait is also well accounted for when ”basic consepts are
highlighted and repeated”, but it addresses the problems in ”word attack skills”
described by Reid (2010) as well. And finally, both sources mention the use of
clear images.
The sample size of this experiment was 6 students, of whom 3 were dyslexic
and 3 formed a neurotypical control group. One can’t make awfully thorough
conclusions through a sample this size, but it can be a helpful guide in creating
suitable learning materials. The research indicates that dyslexic students may
have more difficulty in memorizing units of measurement. The results also implicated that all students have trouble in comparing physical quantities. The
researchers suggested it may be due to the hierarchy mentioned above. Students need a basic recognition of physical quantities and phenomena in order to
successfully compare physical quantities. Finally, a conclusion was made that
according to previous research, and preliminary results in this study, the chosen four criteria for compiling dyslexia-friendly learning materials reduce the
differences in performance of dyslexic and neurotypical students. The article
mentioned that due to differences between individuals, critical reasoning must
be implemented while making materials for education.
Kalyvioti and Mikropoulos (2014) presents different kinds of virtual learning
environments and their benefits. In science education the environments may be
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different interactive simulations. Not all the described environments were statistically significantly beneficial to learning, but in theory the different properties
of virtual learning environments support learning. The environments included
a driving simulator and a primary school complex system (ocean) simulator.
University level programming education’s suitability for dyslexic students
has been researched, and in conclusion dyslectic students may exhibit more
talent in visualizing the mode of operation of programs. On the other hand,
dyslexic students face challenges in compiling and assessing a single program.
Learning materials for programming should, as mentioned above, have of clear
texts and appearance. (Stienen-Durand ja George 2014)
A diagnosis of dyslexia can give Finnish students the right to additional
time to finish exams, which puts students in more equal positions even if they
suffer from a slower pace of reading or cognitive processing. Kay and Yeo (2003)
recommend to give points for partially correct answers, and also reward them
for poorly explained answers. Some dyslexic students may do mathematics
exercises slowly step by step, whereas some make progress by hopping from
exercise to exercise. It is damaging to demand surviving a large cognitive load
because of poor working memory often associated with dyslexia. For the same
reason, complex problems that require taking several different steps are more
difficult for dyslexic students.
1.1.4

Three-level model of supporting students with special needs
in Finnish Curriculum

The Finnish curriculum is an important source of motivation for this thesis, and
thus the content related to learning disabilities is explained below.
Student support responsibilities on lower and upper secondary school levels
differ in depth in the Finnish national curriculum. Lower secondary school
level scaffolding is described in detail and thorough documentation is required,
whereas the ruling for supporting upper secondary school students with special
needs is rather vague. Very few concrete types of scaffolding are named, and the
mentioned ones are different from lower secondary school scaffolding. However,
wording like ”differentiation of studies and other pedagogical practices” is used,
which hopefully is intended to include the specific forms of scaffolding for lower
secondary school students to receive. (Opetushallitus 2014, 2015)
The Finnish student support model (kolmiportainen tuki) is introduced in
the point of view of subject teachers’ responsibility, and research base on students with special needs. According to the Finnish national curriculum every
teacher is obligated to make improving one’s self-confidence, self-evaluation,
studying and future planning skills possible for students. This chapter is a
review on the Finnish National Curriculum and its special education related
chapter, and is strongly dependent on that sole source. (Opetushallitus 2014)
The support students receive is preventative and committed, and the objective is to prevent exacerbation and deepening of student’s issues. The support
is primarily given in the student’s nearest school, in their own group or class,
and exceptions are made only when this principle severely jeopardizes sufficient
13

learning. The assessment of special needs is done by a multidisciplinary student
care team, and parents are expected to participate in said assessment considerably. Student care teams are obligated to share information on the legislation
relating to the three-level support with student’s parents.
One student can only receive one of the levels of support at a time. The
levels are presented in the table below.
Universal
support:
Yleinen
tuki
Increased
support:

Tehostettu
tuki

Individual
support:
Erityinen
tuki

- Support includes remedial instruction, part-time special education, guidance counseling, and in special cases a personal studying
program
- Can be given without any official ruling, and support must be
given immediately when need for it is discovered
- Student is transferred onto the level of increased support if the
need for recurring or multiple forms of support is discovered
- The forms of support are the same as on the level of universal
support
- A pedagogical evaluation (pedagoginen arvio) is formulated in
the student care team, in which the student’s strengths, interests
and special needs are described.
- In the evaluation, forms of support and their effectivity are introduced
- Increased support includes student’s personal studying program (henkilökohtainen oppimissuunnitelma, HOPS), in which
needed pedagogical solutions, suitable multidisciplinary cooperation (such as points of emphasis in subject matter, or flexible
grouping of students) and services, and a plan on assessing and
evaluating learning are described (i.a. personal assessment tools
and assessment schedule)
- Individual support includes full-time special education or individual learning objectives in addition to the forms of individual
and universal support
- Student can study content within school subjects or according
to different areas of activity
- In addition to the content on the level of increased support, pedagogical evaluation (pedagoginen selvitys) includes an assessment
on the need for individual learning objectives
- In accordance with the evaluation, a ruling for individual support
(erityisen tuen päätös) is made
- A personal studying program (henkilökohtainen opetuksen
järjestämistä koskeva suunnitelma, HOJKS) is formulated, and
a rehabilitation program can be utilized if a guardian so allows
- Earlier documents are also implemented in the process of making
the personal program

Finnish legislation on basic education (primary and lower secondary school)
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defines the forms of support as remedial instruction, part-time special education,
translating and assistance services, and different physical aids and tools.
Remedial instruction is mainly initiated by a teacher, but students and
guardians can appeal for it as well. Remedial instruction can be given in situations when student is for any reason behind schedule in their learning. The
reasons may also include student’s prolonged absence. The instruction is arranged to achieve long-term goals and in an organized fashion, and it can take
place during lessons in the form of flexible grouping of students, or outside of
lessons. The teacher is obligated to make certain that all students have an
opportunity for remedial instruction. The instruction can also be preventative,
when subject matter is rehearsed before it is introduced in the general education
classroom.
Part-time special education can be needed due to various reasons, such as
issues in language or mathematics skills, or inadequate learning or interaction
skills. It can be arranged in a co-teaching, small group or individual learning
environment. The adequacy of special education is reviewed in pedagogical
evaluations.
Interpreting services can be used to help students with hearing impairment
or difficulties with language. Other aides work toward making students more independent, and the division of responsibilities between the aide and the teacher
should be straightforward. Aids and tools can be used to improve student’s
vision, hearing, moving or other physical traits. The teacher has to be made
aware of these tools, but tools that require special expertise it can be necessary to apply multidisciplinary cooperation. The teacher is not obligated to
familiarize themselves with these equipment.
These are the guidelines that regulate subject teacher’s work with students
with learning disabilities. A considerable amount of work is supposed to happen with other professionals working with the students, and due to flexible
guidelines, it is possible to implement them in various different ways. Changes
suggested earlier in this chapter include many shared characteristics with the
Finnish curriculum. Some articles suggest small groups, inclusive classrooms,
cooperation with a special education teacher, simple physical tools, and some
discuss alternative study programs.
The aspect that seems remarkably important, is the list of objectives set
both by the Finnish national agency for education, and authors of several publications about students with special needs. ”Improving one’s self-confidence,
self-evaluation, studying and future planning skills” is a grand objective, which
is also at least partly mentioned in all of the quoted articles that discuss special
needs education. Later on in this thesis the action competence approach will be
discussed in further detail, and these objectives, in a sense, share the essence of
action competence.
Research on students with special needs does not usually make note of the
preventative effects that changing teaching can have. Much research is also, for
practical reasons, short spanned and does not discuss long-term effects. Perhaps
qualitative interview-based research on students with special needs could shed
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some light on the kind of changes that feel relevant and effective to the students
themselves. Interviewing teachers could also be beneficial for this purpose. The
searches that were used for this thesis did not produce any articles of such
nature. Because of this lack of information, working preventatively and towards
long-term improvement in learning is a substantial requirement to make.

1.2

Learning disabilities in physics education

A vast amount of science education research has been dedicated to inclusive
education of students with ”special needs” or ”disabilities”. Often it is left up
to the reader to determine what kind of disability is being discussed. The word
inclusive itself is ambiguous; It can mean including students with special needs
into classrooms, but in can also cover girls, immigrants, or other groups often
excluded from the natural sciences. The exclusion may be due to statistically
poor motivation or performance, and these groups hence may require special
attention in education. Moreover, special needs and disabilities can be loosely
defined concepts. Often ADHD, ASD and dyslexia are not defined as disabilities,
which is well justified since neurologically atypical students can very well achieve
the learning goals set by the teacher with no scaffolding. In this thesis, however,
the word disability can be used to represent these diagnoses. This is not meant
to be offensive, but to demonstrate that I am searching for means to solve
problems in learning that these neurological disorders can cause. Students with
ADHD, ASD, or dyslexia but without a learning disability are not quite the
target group here.
In this chapter the issue of poorly defined special needs and disabilities in
science education will be discussed in the context of ADHD, ASD and dyslexia
literature.
Ways of improving instruction for special needs students were researched in
a broad literary synthesis (McGinnis 2013). According to the presented body
of knowledge, instruction can be improved for example through activity-based
learning. In the said method skills needed in science are emphasized over content
knowledge, which is considered a way of promoting nature of science education.
Additional attention should be directed to repetition of vocabulary, non-verbal
presentation of information, peer learning and suitability of assessment methods.
These changes should support learning of autistic and dyslexic students and
students with ADHD, but more details are needed on the changes that are
suggested to assessment. In case of autistic students, peer learning has to be
well structured and sufficiently detailed instructions should be provided.
1.2.1

Use of Behavioural Interventions

The symptoms of ADHD includes inappropriate or antisocial behaviour, which
may require an intervention from the teacher. The emotional disturbances associated with dyslexia could also lead to such conduct. In this section the word
intervention is used to mean specifically performance- or behaviour-related short
interventions.
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A combination of a questionnaire and interview was used to assess interventions used by teachers and their effectiveness in inclusive groups of students.
Collecting backround information on students, medical or other type of backround, was considered relatively ineffective, whereas discussing challenges and
looking for solutions with other teachers and parents was experienced useful. In
case of behavioural difficulties discussion was seen as a suitable intervention, but
for some reason teachers didn’t feel the need to discuss fitting solutions. The
grades of interventions that were, in general, viewed as effective were quite scattered. These interventions included providing consistent rules, self-assessment
regarding both learning and behaviour, acknowledging good behaviour and ignoring negative behaviour. Removing students from the classroom and a visit
to the headmaster’s office are generally poor interventions according to previous research, but in this data it was viewed as positive, which maybe due to
their effectiveness in short term. The student will leave the classroom but their
behaviour remains the same in the long run. (Johnson ja Pugach 1990)
1.2.2

Activity-based learning

Activity-based learning in physics is often involve different kinds of laboratory
assignments. The learning objectives are to develop problem solving and critical thinking skills through emphasis on observation, experimental data collecting, estimation, comparison, hypothesis and experimental working skills. The
research was conducted by comparing groups of textbook-based and activitybased instruction, and in the activity-based group the subject teacher collaborated with a special education teacher. Students were divided into small groups.
Within this kind of work distribution activity-based instruction decreases the
demand for students’ broad vocabulary and literacy skills, and neurotypical students were recorded to enjoy and students with disabilities learn more in the
activity-based setting. Activity-based instruction is, on the other hand, very
time-consuming to organize. (Mastopieri et al. 1999)
In an article focused on projects and student laboratory work students with
learning difficulties were moved from a small group setting into an inclusive
classroom. The program had positive effects on both behaviour and learning.
In the article, an experiment on pulleys was introduced, in which students were
free to try themselves what effects different pulleys had on forces. Students’
skills were assessed through a city-wide summative test, and the students with
disabilities were on the same level with neurotypical students. Teachers also
made note of regular classroom students’ improved attitudes towards the special needs students. Both neurotypical and students with disabilities showed
improved behaviour, which presented itself as decreased behavioural interventions during class. (Cawley et al. 2002)
A synthesis article was searching for suitable learning methods in science literacy for students with special needs. A laboratory experiment based learning
module was introduced, in which an experiment and results were designed and
rationalized by students with the help of guiding questions. The overall conclusion of the article was that experiments, discussion, emphasizing ”big ideas”
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and learning scientific argumentation is particularly important to students with
special needs. (Villanueva and Hand 2011)
As a comparison to research on ADHD, ASD, and dyslexia, these principals are partly justified. Solomonidou et al. (2004) preliminarily verified
that activities related to physics, experiments for instance, assists students with
ADHD maintaining focus and inhibits them from disturbing others. However,
the module used in the experiment included a substantial amount of questions
in a linear format, which may maintain attention poorly. Stormont’s methods (2008), such as colour coding may be of assistance. In case of dyslexic
students, characteristics of good textbook design should be applied (Papalexopoulos et al. 2008). Dyslexic students can also benefit from instruction with
non-written information, and might have better visualisation skills on the subject matter (i.a. Stienen-Durand & George 2014). Research commited to the
relationship between laboratory exercises and dyslexia has not been found for
our purposes, but interactive simulations have been found to have positive effects
on dyslexic students (Kalyvioti & Mikropoulos 2014). Simulations and laboratory experiments are not the same educational tool, but they do share certain
characteristics, especially within the theoretical backround, analysis of results
and discussion. Let us, however, speculate that simulations and experiments
are similar enough. Then a conclusion could be made that the aforementioned
laboratory- and argumentation-based instruction are suitable for students with
ADHD and dyslexia.
However, activity-based instruction poses a minor threat to students with
autism spectrum disorders. As stated by Saunders et al. (2011), it is critical to
offer enough structure to science activities. This can be achieved by using a list
of questions as in Villanueva & Hand (2011). Activity-based instruction, while
well implemented, can give autistic students experiences of success in making
observations or recording data (Saunders et al. 2011). To make adjustments,
activities can be executed according to an activity schedule, and other instructional strategies such as priming or voluntary peer supports can also be adopted
from Chalfant et al. (2017).
1.2.3

Project-based learning

The previously discussed activity-based learning module (Cawley et al. 2002),
project-based work was done in addition to activity-based learning. Projectbased learning can be beneficial for students with special needs in many ways,
and these advantages are evaluated in this chapter based on the knowledge base
on ADHD, autism spectrum disorders, and dyslexia.
Cawley et al. (2002) defines project-based learning as curriculum-based instruction where students are guided to present a product such as an essay,
report, or a presentation. Studying is driven by a real-life problem that the students wish to solve. The students define and solve the problem themselves, and
the teacher acts as a facilitator. The teacher must spend a substantial amount
of time discussing the subject matter with students to prevent misconceptions.
(Holm 2011)
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Holm (2011) describes research that suggests project-based learning supports
both learning of subject matter and group-working skills. Students with learning disabilities were not discussed at length, but the advantages of project-based
learning were reported to especially influence low-achieving students. Students
with learning disabilities are also said to have a better opportunity to demonstrate their abilities that require less academic skill. (Holm 2011)
According to Firth et al. (2013), dyslexia affects students’ emotions and
mental health. If the motivating effects of project-based reach students with special needs, it’s a promising addition to improving learning outcomes of dyslexic
students. Scaffolding may be needed in reading source material related to students’ projects.
Students with ADHD may benefit from project-based learning in a same way
they benefit from the aforementioned HTML platform (Fabio and Antionetti
2012). The student can take control over the order in which they familiarize themself with materials. Clearly the students need thorough directions in
following through with their projects.
Students with autism, however, can be quite lost while conducting problembased instruction. Often, though, students with ASD are very perceptive, and
through that they can also experience much success within projects. As very well
described by Saunders et al. (2011), students with ASD have great sensitivity
to stimuli, and when exercises are well structured, students can excel at them.
This is especially beneficial when the projects include laboratory work.
1.2.4

Summary of key findings in the literature

Acknowledging students with special needs in secondary school physics or science education is a field with little published research at this time. The learning
disabilities chosen in this thesis are different in nature, but many similarities
in productive scaffolding methods can be found in related literature. All of the
learning disabilities correlate with problems with working memory, which can
be the source of these similarities.
All learning disabilities correlate with problems with working memory, which
can be a contributing factor.
A similarity between ADHD and dyslexia, and in some cases ASD, learning outcomes are improved by using multisensory material. In case of dyslexia,
presenting a picture in addition to text, less emphasis is laid on reading, and
in comparison, a student with ADHD can maintain their focus longer when
different kinds of stimuli are utilised. It is important to take into account literature on students with different learning disabilities prior to adding multisensory
materials in instruction.
Using short instructions and splitting long ones into smaller parts are recommended in case of students with ADHD. Due to problems with working memory
associated with dyslexia, it can be argued that these methods work well within
both learning disabilities. Dyslexia is advised to be acknowledged with similar
methods in regards to textbook design. The text must be understandable, and
vocabulary as limited as possible. Use of images is recommended.
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Traditional summative assessment based on exams can be damaging towards
students with disabilities. Written exercises, especially long ones, are a poor fit
for all of the student groups of focus. The long instructions cause problems
for students with ADHD (lack of focus) and dyslexia (low reading speed), and
instructions with idioms are inaccessible for students with ASD. In Finland,
students with dyslexia are given additional time to finish exams, but the effects
of such scaffolding for students with ADHD or ASD have not been found within
the literature review above.
Teachers’ experiences on interventions in inclusive classrooms and prior research on effective interventions had some differences, but they may stem equally
possibly from teachers’ misconceptions or the inclusive nature of the classroom.
Several articles on science education and learning disabilities note that for example discussion with school staff is usually beneficial for students. This finding is
actually a relevant argument for the use of student care teams discussed in chapter 1.4. The specific effects in students with ADHD, ASD or dyslexia remain
yet unknown.
Teaching studying skills can be equally beneficial for all three student groups,
and such interventions have, in fact, been implemented in all cases. In the field
of ADHD research, the point of focus has been in the learning process. In
case of dyslexia, the emotional aspects of learning should be analyzed. Autistic
students have benefited from interventions focused on development of reading
comprehension, which is an important part of learning in science education.
In general, activity-based learning that does not focus on the academic dimension of learning is recommended in inclusive classrooms with students with
disabilities. It is quite safe to claim that laboratory work and activity-based
learning create a solid base for learning in students with ADHD or dyslexia.
Students with ASD may require more scaffolding, but a case can be made that
these forms of instruction will eventually unveil autistic student’s special skills,
when implemented properly. At this stage, the advantages related directly to
project-based learning are quite speculative, and its connections to motivation
and problem-solving skills should be investigated in full. This research is especially important in the wake of the Finnish curriculum of 2016.

1.3

Action Competence Model in Environmental Education

The I SEE module follows the definition for action competence by Jensen and
Schnack (1997) and Mogensen and Schnack (2010), and hence this chapter relies
strongly on these specific articles. In the interest of the objectives of this thesis,
a quality-criteria tool for sustainable development education is also presented
in the end of the chapter.
Students’ action competence is their willingness and ability to carry out intentional actions driven by motives and personal reasons. The objective is to
overcome students’ existing concern and anxiety on issues of climate change
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through action, keeping in mind that school activities are not supposed to
solve broad societal and environmental problems. Environmental action can
contribute to the problem directly, or they can be actions to influence others.
Action in science education is a way to promote the social and societal perspectives of science issues and acknowledging the ineffectiveness of moralizing
in behavioural change. It is also meant as a solution to criticism on both overemphasizing the academic dimension of learning and the often artificial nature
of activities such as simulations and roleplays. (Jensen & Schnack 1997)
Action competence can be skills in cooperation, reading, and clarifying own
thoughts to others. Less obvious learning objectives are gaining insight within
the subject matter, commitment to a cause, having visions for personal and
global future and having good action experiences. (Jensen & Schnack 1997)
Mogensen & Schnack (2010) describe the more philosophical aspects of action competence in such a way that the reader may begin to wonder its usefulness
or even whether it exists at all. The article stresses that action competence constantly changes over time and can’t hence be evaluated in grades. In respect
to Jensen & Schnack (1997) this makes sense since, for example, it would be
very challenging to objectively and meaningfully evaluate students’ ”visions for
a global future”, not to mention how good ”action experiences” they have. The
research also discusses the concept of sustainable development education (ESD),
which is often used as a synonym to environmental education. One should, however, be cautious of such association since sustainable development can be more
politically loaded as an idea, and thus open to misuse to spread individual
viewpoints or interests. Therefore, it is crucial to confirm the definition that
is used for the term ”education of sustainable development” or ”environmental
education”.
Mogensen & Schnack (2010) also lays emphasis on the ambiguity of both
”action” and ”competence”. According to the article, action competence is, in
the present world, defined mostly by the word action. In the last 20 years or so,
competence has become a concept for human resources to use in recruiting which
can, for example, mean applicant’s qualifications, or separate, vague ”competencies” such as creativity or flexibility (Mogensen & Schnack, 2010). The first
is relatively straightforward to measure by determining the degrees and work
experience the applicant may have. The latter, however, is more complicated.
The research also states that competence exists in school context, usually
as lists of competencies that summarize what it means to master a given subject matter. In contrast to competence in subject matter, a more general use
of competence is introduced in the form of Definition and Selection of Competencies by OECD (DeSeCo), which is a project aiming for ”successful life
and well-functioning society”. DeSeCo specifies that competencies are actionand context-related; They only actualize themselves in action. This raises the
question whether universal competencies are present in today’s world, or even
possible to obtain or assess. Seeing that competence as a concept is this open
to interpretation, we almost have no choice but to define action competence
through action.
Human action is unique in its close interaction with intentions for any given
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action (Mogensen & Schnack, 2010). Action competence, as willingness and
ability to carry out intentional actions, relates closely to this aspect of action.
The research explains this idea further by acknowledging that the same action
with a different intention might change the nature of the action altogether.
Action can easily be connected to activity, which is a similar concept. According to Jensen & Schnack (1997), activity can have a connotation of being
more externally motivated. That is why activity-based instruction being more
suitable for students with disabilities is an interesting detail. Does this mean
that action competence is a solution for fulfilling special needs students have?
In addition to education of sustainable development, action, and competence, Mogensen & Schnack (2010) discusses the idea of ”Bildung”, which is a
suitable framework in explaining the objectives of action competence approach.
Bildung can be described as formation of personality and development into an
educated person, which in turn relates to being a political subject that is able
and willing to take action. The bildung approach accentuates the importance of
self-evaluation and learning about learning, and the focus is towards enhancement, or the learning process, rather than student performance and controlling
students, learning, or the learning environment.
One can conclude that as an educational ideal, action competence does exist.
However, action competence is not a numerically measurable trait in students,
which is the case in many educational approaches.
The science of climate change is a quite ideal area of subject matter for action
competence education. As stated in the IPCC Assessment Report (2013), the
future of Earth’s climate is heavily dependent on the amount of greenhouse
gas emissions. Representative Concentration Pathways are the four different
predictions. The mildest prediction is based on emission rate growth stopping at
3000 GtCO2 , which gives an estimate of less than 2 K mean temperature increase
compared to the pre-industrial level. The most extreme prediction hypothesizes
accelerating anthropogenic carbon dioxide emissions, which is associated with
temperature increase of approximately 5 K. (IPCC 2013) Therefore, cutting
greenhouse gas emissions is considered an effective way of inhibiting temperature
increase. This is an issue that could be addressed through action.
The effects of greenhouse gases, especially carbon dioxide can also be inhibited through geoengineering, of which the most promising approaches are Solar
Radiation Management (SRM) and Carbon Dioxide Removal (CDR). SRM is
the more effective method of the two, but it does not affect ocean acidification due to carbon dioxide. CDR both inhibits global temperature increase and
ocean acidification, but is predicted the less effective approach. Neither methods have not been applied on a global scale, which could lead to unprecedented,
threatening outcomes to the climate. (IPCC 2013)
These are some of the climate solutions that can be considered within the
area of environmental education and the action competence ideal. However,
these are issues that are still strongly associated with the subject matter in
science education. As will be shown later on, the scope of action competence
education ranges wider. The following section presents an example of action
competence related criteria which is made especially for education for sustain22

able development
1.3.1

Quality Criteria for ESD-schools – Teaching and Learning processes

The following table summarizes 9 quality criteria set by Breiting et al. (2005).
ESD is an acronym for Education for Sustainable Development.
Area of interest
Teaching–learning
approach

Visible outcomes
at school and in
local community

Perspectives
the future

Description
Considering students as
active agents in their
own learning, and having
flexible plans accordingly
Reaching environmental
goals considering social
and societal structures
and conflicting interests

for

Learning to accept uncertainty, and comparing short term and long
term effects of decisions
through concrete examples

”Culture of complexity”

Considering the unpredictability of complex
processes, such as biological cycles or the human
mind, and the possibility
of global consequences
of local actions.
Acknowledging limited nature of potential of the
human mind and natural
resources
Taking different viewpoints into account critically, and at the same
time focusing on fruitful ideas and solutions to
problems

Critical thinking
and language of
possibility
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Example of a criterion
The teachers encourage
cooperative learning and
experiential learning
Physical or technical
changes in the school
and in the local community,
relevant for
ESD, are seen as an
opportunity for teaching
and learning and
Students work with
visions and scenarios,
seeking alternative ways
of development and
changes for the future
and establishing criteria
for choice
Students and teachers
accept uncertainty as
part of the daily life
and prepare themselves
“to expect the unexpected and to deal
with it”, being aware of
the importance of the
precautionary principle

Students are encouraged
to give arguments for different positions

Area of interest
Value clarification
and development

Action-based perspective

Participation

Subject matter

Description
Taking students’ values
as a starting point in
ESD and finding a balance between educating
students on values and
respecting their own
Encouraging students to
take action to solve problems

Creating a teaching climate where students feel
free to participate in discussions and activities
Combining ESD with
traditional school subjects to motivate and
to get students acquainted
with
the
interdisciplinary nature
of issues in sustainable
development

Example of a criterion
Teachers accept the challenge of not imposing
their own values and
opinions allowing students to hold their own
positions
The teaching focus lies
on
authentic
action
strategies, on action
possibilities
and
on
experience from real
actions
Students become experienced in democratic participatory processes.
Teachers look for ideas
and perspectives in ESD
to reactivate and innovate teaching and learning in traditional subject
matters

One could use these criteria as a list of suggestions to promote action competence in classrooms. There are no criteria in contradiction with the educational
ideal that is action competence, and some criteria are essential to the action
competence approach. For instance, and obviously, action-based perspective in
the form described by Breiting et al. (2005) is exactly promoting ”willingness
— to carry out intentional actions”. Additionally, Participation is also key in
improving action competence.
Furthermore, many core action competence skills, such as cooperation (Teachinglearning approach), clarifying one’s thoughts to others (Critical thinking and
language of possibility), and gaining insight within the subject matter (Subject
matter). Students can develop visions for the future in activities related to almost all of the quality criteria. Due to these vast similarities, it is probable that
the research of Jensen and Schnack (1997, 2010) and Breiting et al. (2005) have
been made in some level of interaction.
As remarkable as these criteria and suggested activities by Breiting et al.
(2005) are, thorough review should be made in the interest of students with
learning disabilities.
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1.4

Climate change in education

As a teacher, having a strong base in content knowledge has a direct effect
on student learning. Although the learning objectives of the I SEE module
include many aspects outside of subject matter, climate change research is what
connects the module to the domain of physics education and physics itself. The
following paragraph presents key findings in said research.
The Fifth Assessment of Intergovernmental Panel on Climate Change (2013)
is a comprehensive report on the subject, which describes the research behind
climate simulations and predictions in detail. More than half of the temperature increase is due to anthropogenic accumulation of greenhouse gases. Climate
change increases extreme weather events, decreases glacial ice mass and causes
sea level rise and acidification. All of these effects are virtually certain, but details and the extent are in some cases less clear. In terms of school physics, the
climate system receives more energy than it ejects, and hence the temperature
increases. The rate and magnitude of the energy balance consists of three components, radiative forcing, climate feedbacks, and energy stored in the climate
systems. (IPCC 2013)
Climate is a prime example of a complex system. Feedback loops are present
in the accumulation of carbon dioxide, for example, and furthermore the effects
of carbon dioxide emissions in the present will alter climate for centuries, even
millennia (IPCC 2013). Within the Finnish curriculum of physics, very few of
the climate phenomena can be explained. However, the weather events associated with climate change are often connected to concepts of thermodynamics,
such as temperature, air pressure, and dew point. Ideal gas law can also be
applied in some cases. Similarly, melting glaciers and heating oceans are linked
to models in school physics – the former parallel to the concept of latent heat
and latter to heat expansion. Climate change as a phenomenon presents an opportunity to consider the applicability of these models, and therefore the nature
of science.
Urban (2015) syntehesizes recent predictions of climate change related extinctions using Monte Carlo estimates. Overall, 7,9 % of currently existing
species will be extinct according to the model. Most research covers the continents of Europe and North America, and more research is needed especially on
Eastern Asia. The predictions of global temperature rise vary, but according
to latest research the widely-known threshold of 2 degrees will be surpassed.
The results of this article were as follows: The continents under greatest risk
of extinctions were South America, Australia and New Zealand. There were no
significant differences in extinction risk between different taxonomical groups.
Little to no emphasis was placed on species’ ability to migrate or evolve.
In terms of oceans, climate change has a large but not easily visible effect,
especially for people living in coastal regions, nutritionally dependent on the
oceans or people with a livelihood directly linked to the marine environment.
Current research is concentrated on natural sciences and economical effects of
climate change (”blue economy”), but more research is needed in humanities.
The public discussion could benefit from view points such as maritime history,
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etnography of coastal regions, political geography, or even moral perspectives
of different religions. (Allison & Basset 2017)
A review of the representation of climate change in curriculum-based textbooks would be interesting to see, but a comprehensive review is an extensive
enough of a topic for a whole thesis on its own.
According to Tolppanen et al. (2017), environmental education consists of
many more areas. The group has visualized environmental education as a bicycle, of which only one wheel consists of knowledge on climate change. The
other wheel is composed of critical thinking skills, which is pointed out to be
crucial in making sense of the environmental knowledge. The triangular core
of the wholesome environmental education bicycle consists of student’s values,
worldviews, and their identity. Students are often interested in the ethical dimensions of climate change (Tolppanen et al. 2017), and this interest should be
addressed and utilized for motivation. The bicycle model marks the chain and
pedals analogous to environmental action. New approaches to environmental
actions should, according to the article, be discussed in classrooms. Different
stakeholders are also suggested to be acknowledged. The saddle, in turn, is
described as motivation and participation, which is justified by the notion that
a bicycle cannot move without someone pedaling on the saddle. The important aspect is that climate change is communicated to be both an issue that
affects students and one that they have control over. The brakes of the bicycle represent the obstacles that environmental action may face, both in the
field of natural sciences but also psychological or social issues. The lamp, on
the other hand is an analogy to hope and other emotions, which addresses the
problem that climate change is an emotional subject that produces fear, anger
and other emotions. Instilling a positive attitude into students is considered to
improve the overall experience and emotions on environment. Finally, the handlebars represent the direction towards the future, which is described to include
comparison of alternate futures in the classroom.
This is one way to view environmental education, and many similarities
can be found with the action competence approach. Some similarities, such as
bicycle handlebars as the future and ”perspectives for the future” by Breiting et
al. (2005), are quite visible. However, the saddle as motivation and participation
is parallel with ”teaching-learning approach”. All in all, the models are almost
the same frameworks with slight differences in structure. This goes to show that
the action approach is, in this bicycle form, alive in Finland as well.

2

I SEE module

The research data was a learning module on Climate change that is a part of the
I SEE project. The theoretical backround behind I SEE is action competence
education.
The climate change module was created by three research groups based in
Finland, Italy, and Iceland. The duration of the module was one week, which
was divided into three phases for each group. The following is a summarised
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description of the course of the module. (I SEE 2018)

2.1

Conceptual and Epistemological activities

Prior to the experiments and other assignments, there was an introduction section in which students gathered their previous knowledge of climate change into
a preferred visual form, such as concept maps. A figure of global temperatures
over time was shown to initiate ideas. The students proceeded to complete the
following tasks:
1. Introduction to the spectrum of electromagnetic radiation — Comparison of a simple visual representation of the wavelength spectrum, and a
(λ, I) figure of radiation of the sun. This activity did not include any
experiments
2. Absorption of sunlight — Rise in temperature in cases of an aluminum
foil and a black paper in direct sunlight
3. Absorption characteristics of different gases — infrared thermometer is
used to measure the temperature of a hot plate through carbon dioxide
gas and water vapour
After the sections 1–3 the students revise their visual representations of
climate change.
4. Carbon dioxide concentration in the atmosphere — The effects of different objects (candle, banana etc.) to carbon dioxide concentration in a
container are measured
5. Introduction to carbon footprint — The concept of carbon footprint is
discussed, and students’ own are compared to global statistics.
The objective is to examine and discuss people’s impact on the atmosphere,
and what can be done to change it. Different scales, from global to individual, of
climate change related phenomena are investigated. Learning objectives include
the scientific concepts regarding the activities, and on the other hand skills
needed to make scientific research. Students are required to perform experiments
and discuss results with their peers and develop their expertise in that territory.

2.2

Future scaffolding activities

The Italian group made the middle part of the module, which carried the themes
of complex systems, feedback loops in systems, and finally future scaffolding
skills. Following sections were included:
1. Content knowledge on complex systems: The Predator-prey model — The
model is introduced through equations, a simulation where students can
alter variables, and data of real populations is shown
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2. Content knowledge on complex systems: Feedback loops in nature — The
content is introduced in a video, on which students finish worksheets
3. Content knowledge on complex systems: Schelling’s dynamic model of
segregation — Students work more with online simulations. According to
Schelling’s model, diversity doesn’t emerge naturally, and maintaining it
requires work
4. Transversal skills: Biodiesel story — Students acquire skills in reading and
analyzing text through ”causal maps”, and consider feedback loops in the
topic of biodiesel
5. Future-scaffolding skills: Municipal decision-making — A decision-making
scenario is presented to students, and they reflect how they could have an
influence on such issues in the future
In this part of the model, students aim for developing their knowledge and
skills further, and gaining a deeper understanding on climate change.

2.3

Action Competence and Agency activites

The Icelandic group made the third and final part of the module, which was
designed to bring environmental action to a personal level for the students. The
skills and knowledge developed in the first two parts is useful in its completion.
The part consists of three sections.
1. Rewriting the future — The first section is done as an individual assignment. The students go back to their ”dream journals” and, through some
leading questions, assess their dream based on what they have learned
during the first parts of the module. They then proceed to designing a
”dream future” of their own liking
2. Problem mapping and systems analysis — Students choose most interesting climate challenges and are grouped based on common interests. They
then move on to defining the problem and thinking of related issues, causes
and consequences. A map is formed of said ideas, and aspects that are
easily changed, ”leverage points”, are identified
3. Creating history — A fruitful leverage point is chosen and analyzed more
carefully, and its successful solution is ”backcasted”, made into a history
from the point of view of someone 15 years to the future. Students think
about the meaning of the history for them personally and professionally.
Presentations of these histories are given in the end of this part of the
module
The third part can be applied in various ways, and chosen leverage points can
cover issues within the natural sciences. However, a humanitarian or economyrelated issue can also be studied. Hopefully, a wide spectrum of topics will be
discussed during students’ presentations.
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3

Method

The research data was a learning module, and it was assessed in the point of
view of students with learning disabilities. The theoretical backround of the
climate change module was action competence, which was also assessed from
the same viewpoint. A qualitative content analysis was made by creating and
applying a learning module assessment tool. The aim was to assess and improve
the module to better instruct students with special needs.
A literature review on learning disabilities was made and implemented as a
theoretical backround. The review was further reflected upon through the six
step framework of curriculum design by Kame’enui & Simmons (1999), which
is explained in full within section 3.1.
Action competence and learning disabilities have not been combined in previous research, which makes any research method challenging to apply. However,
there are many aspects to consider before one can ethically experiment on education based on the educational ideal of action competence and students with
special needs. Therefore, a thorough review on the problem is crucial, and a
grounded theory is an important preliminary step in said review. Since the I
SEE research project was designed as an inclusive instructional tool, the need
for analysis on this dimension of inclusiveness is implied. Inclusive education
does additionally mean education where all students can take part, but undoubtedly modifying education for students with disabilities is a valuable course of
research in itself.

3.1

Methodological Framework

Six steps have been introduced for modifying curriculum design for inclusive
classrooms (Kame’enui & Simmons 1999). The framework is explicit and can
be improved and expanded by the knowledge base in chapter 1. Naturally not
all details are relevant to the I SEE module, but hopefully this thesis can in
part act as guidelines for all inclusive physics or science education.
In short, crucial skills and concepts are examined and made easily understandable and explicit. Students’ need for different forms of scaffolding is evaluated. Then the links among the concepts are examined, and a long term plan
to make the connections known to students is put in place. Finally, the group’s
own knowledge and skills are considered vis-à-vis the review that has been formulated. (Kame’enui & Simmons 1999)
In the following list in the first paragraphs the steps are described as they
are in the source material, and evaluated in the rest:
I. Identify Critical Information: During the first step of this framework
the teacher evaluates the core information and skills that are vital for
learning. These instructional anchors are identified according to the curriculum and current research. The evaluation revolves around learning
objectives, and the aspects to be considered are a) if the number of the
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objectives is reasonable, b) if it is important to have separate objectives,
and c) how much time and priority one should place on each objective.
The dimensions of this step can be connected to the concept of big ideas,
which is explicitly mentioned in several articles, and it is also often considered under different names (Knight et al. 2013, Papalexopoulos et al.
2008). Instructional anchor can also be considered as an alteration of this
concept. Detailed, scientific information on time consumption on different
skills and areas in physics certainly should certainly exist for the purpose
of creating theoretically justified course plans, but often the emphasis of
research is elsewhere. Granted, the teacher is obligated to conduct continuous assessment of learning, which drives alterations of lesson plans.
The Finnish curriculum recognizes the need for individual learning objectives, but they are a method scaffolding that is available only on the
highest level of student support. Identifying critical information can, nevertheless, guide teachers in curriculum planning. This process can represent itself as a concept map, or even a didactic reconstruction (Koponen
2014), through which lesson plans can be modified. These modifications
must not, however, exclude any curriculum content in case of an inclusive
classroom.
II. Conspicuous Strategies: After indentification of critical information,
the teacher should plan an instructional strategy which is explicit and clear
to students, i.e. conspicuous. If the subject matter or skill is unattractive to students, perhaps complicated, the instruction should be made
noticeable and support students’ attention. To accomplish these goals,
the following issues should be addressed: a) Considering the critical information – Is it stated explicitly or implicitly? More important facts should
be differentiated from the less important, and ideas should be summarized.
A satisfying conclusion is to be be introduced. b) Need for visual aides,
further explanations or more examples. c) Usefulness and generalizability
of the skill or subject matter.
This dimension of inclusive instruction is especially visible in the literature on autism spectrum disorders, which mostly originates from the
impairment in imagination (Wall, 2008). An example of a practical implementation of conspicuous strategies is the pattern recognition program
used by Carnahan & Williamson (2013). Students were unambiguously instructed to find compare-contrast patterns in texts. Some ADHD research
follows the same idea, and a tools exist for explicitly teaching studying
skills (Gureasko-Moore, 2006) and problem-solving strategies (Iseman &
Naglieri, 2011).
III. Mediated Scaffolding: The dimension of mediated scaffolding is about
finding the appropriate amount of support for individuals or groups. The
scaffolding may, very similarly to the Finnish Curricula (Opetushallitus
2013, 2014), include specific steps within exercises, tasks, materials or
forms of personal support. The questions to be answered regarding this
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dimension of inclusion are a) whether the requirements for instruction and
independent student work are met, b) if the teaching sequence is truly
moving from simpler tasks to more difficult ones, c) if there is possibly
confusing or conflicting information or presentation of content, and d)
whether enough examples and model answers are presented so the students
will be able to perform the required skill.
As stated earlier, similar forms of scaffolding can help students with different learning disabilities, but for different reasons. For students with
ADHD, the requirements for student work can be obstructed by insufficient studying skills or equipment (Gureasko-Moore 2006), and student
checklists can help. A comparison can be made to an intervention for
dyslexic students with negative coping skills (Firth et al. 2013). It could
be beneficial to consider explicit instruction on coping skill even within
the step of conspicuous strategies.
Learning materials can be rearranged into concept maps (Fabio & Antionetti 2012), and formats such as narrated videos, materials with pictures and short texts help maintain student’s focus (Solomonidou et al.
2004). Visual supports can also be of use for dyslexic students, but the
quality of the supports are to be considered. Pictures, for example, should
be simple and unambiguous (Papalexopoulos et al. 2008). In case of autistic students, graphic organizers have been suggested to promote learning
and reading comprehension. In one way or another, visual aides are helpful within all of these groups of students, and they are simultaneously a
problem and a solution to possibly confusing content: Well made visual
tools help students understand subject matter, and the chance of confusing
language or presentation must be considered while making materials.
Students with ADHD and dyslexia have been recorded to have issues with
problem solving, especially if it involves reading long texts (Kay & Yeo
2003, Graham et al. 2007). Splitting assignments into small parts and
gradually making them longer is one suggested solution to this problem
(Graham et al. 2007), but students can also be instructed to write their
own problem solving strategies down and use them in later assignments
(Stormont 2008). These methods could affect the amount of examples
that students need to succeed in certain tasks.
Mediated scaffolding is always assessed independently considering the learner
group and its individuals. Thus this thesis will offer different levels of scaffolding, and leaves definitive decisions to the teacher to assess.
IV. Strategic Integration: The name of this step is ambiguous, if not completely misleading. The integration here refers to integration of subject
matter, not students. The main idea is to explicitly draw rich connections
between previously known concepts and new ones. Strategic Integration
evaluates if the lesson explains the relations between its main ideas and
concepts, and if the trajectory of learning is towards ever higher-order
strategies.
31

On one hand, this step is strongly dependent on the subject matter, and
on the other this is activity that teachers should be doing in (the highly
hypothetical) case of a completely neurotypical classroom. In any case,
the importance of strategic integration is highlighted in an inclusive classroom where students have problems with attention, vocabulary and reading comprehension.
V. Judicious Review: Judicious review is a natural next step for strategic integration – Once the connections between core subject matter and
skills have been mapped, they can be cumulatively and systematically
presented to students. Within these regularly executed reviews, the skills
to be learned during three consequent lessons are examined and the adequacy is evaluated. This way new information is reviewed regularly and
systematically.
This step, as Strategic Integration, is subject matter-based and quite independent from the specific diagnoses the students may have. The strength
of this procedure is the continuity of the review.
VI. Primed Backround Knowledge: Primed backround knowledge is in
a way linked to Strategic Integration, but instead of specifically evaluating the content knowledge required, preconceptions that the students may
have due to previous instruction or experiences are considered. The analysis should be objectively separated from the lesson plans, and only the
prerequisite knowledge ans skills should be mapped here. If the students
aren’t equipped to learn the content, plans must be modified. Possible
aspects to be considered are the language-related backround knowledge,
vocabulary and concepts, and component backround knowledge concerning the students’ skillset.
On the step of primed backround knowledge the teacher uses their own
expertise on the subject matter and examines lesson plans and instruction.
It is especially important to have strong content knowledge both on the
subject matter and the pedagogical dimension of the plan. This is also
a good point to revisit the mediated scaffolding choices (III.) that have
been made.
The vocabulary-dimension is notably important within students with ADHD,
autism or dyslexia. Students with ADHD can struggle with longer texts,
which is not directly related to students’ vocabulary. However, students
with autism spectrum disorders may suffer from severe problems in reading comprehension. Admittedly, this trait is closely connected to the impairments in social communication, which includes poor understanding of
idioms and over-emphasizing the literal meaning of language. Vocabularyrelated problems may thus arise while learning new concepts. A wide range
of visual representations have been created to face problems in reading
comprehension, and Knight et al. (2015) even suggested providing meanings to words in learning materials as a solution. Per common stereotypes,
dyslexic students’ problems revolve around learning new vocabulary in
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comparison to students with ADHD or autism. The characteristics of
dyslexia allow simply reading written texts aloud for students as a scaffolding method in this context (Snowling 2000). Visual representations
have also been mentioned as student supports for dyslexia (Papalexopoulos et al. 2008).
These are the steps that subject teachers can take while designing instruction and lesson plans, and this chapter describes the framework through which
the theoretical backround is implemented. The execution of these steps requires
expertise within the subject matter, instructional practices and learning disabilities, and as the Finnish curriculum (2013) states, cooperation with a special
educator or the student care team is encouraged. Research evidence to support
this claim has been published (Johnson & Pugach 1990)

4
4.1
4.1.1

Results and Implications
Action competence and students with special needs
Objectives

Jensen & Schnack (1997) names ”offering a solution to criticism on - - overemphasizing the academic dimension of learning” as a purpose for the action
competence approach. The objective of the I SEE project is bringing science
closer to various groups of students, and even inviting them to the science
community. In regards to this objective, it is essential to analyze the term
”academic dimension of learning” in more depth. Is not laying emphasis on
the academic dimension equivalent to excluding students from the academic
world? In public discussion the word ”academic” is usually related to higher
education, but in the special education discourse academic skills can be as simple
as school mathematics or elementary literacy skills. As the article describes this
dimension of action competence, schools receive criticism on the grounds of
teaching academic skills, whatever they are, instead of practical skills, students
with disabilities are actually in a strong position in this regard. To conclude,
when decreasing the emphasis on the academic dimension of learning means
concentrating more on practical science skills Action competence approach is a
wonderful starting point for science education for students with special needs.
In its worst (for students with disabilities) action competence approach can
be implemented as extremely text-based education, and in some parts the I SEE
module has taken this path. Environmental action through influencing others
can be very easily done by reading and writing influential texts, but such texts
are easily very long and hence less available for students with ASD, ADHD or
dyslexia.
Nevertheless, one of the strengths of the action competence approach in the
context of special education, is the objective to gain visions for students’ own
future. According to Taylor & Walter (2003), dyslexic individuals are less likely
to end up working in science, and combining science education with planning for
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students’ personal future could possibly reverse this phenomenon. It is unlikely
that occupation choices of students with ADHD and autism are unaffected by
said disabilities. If, in addition to visualizing their future in a positive way,
students with special needs gain good action experiences in science education,
their interest to pursue science could yet increase.
4.1.2

Implications to instruction

If, in search of action competence, the teaching and learning criteria by Breiting
et al. (2005) are adopted into education, some aspects need to be considered to
account for students with ADHD, ASD od dyslexia. The main complication is
the open-ended nature of environmental issues; Educators should provide students with detailed step-by-step instructions, but at the same time let students
take an active part in their learning and dive into the creative problem solving
processes.
Concerning the active role of students and shifting the teaching-learning approach, students with disabilities require support. All activities must be planned
and provided with instructions that match students’ current skills. When encouraging cooperative learning, teacher should bear in mind that dyslexic students can perform exceedingly well in team activities (Reid 2010).
Attempting to reach environmental goals in the local community is filled with
exciting learning opportunities for students with our focus learning disabilities.
Especially when solving environmental problems by using practical skills, for
example physically changing buildings or making a construction of some variety, the project can be very rewarding and students can join in activities that
suit their personal strengths. Avoiding poorly devised texts is of essence while
focusing on this ESD criterion. Attention should be also directed to controlling
feelings of anxiety when classroom routine is disrupted by moving location or
changing regular schedule of lessons. Students with ASD can experience such
emotions.
Environmental goals can also be achieved in less practical processes, which
in some cases include reading and writing. As mentioned above, additional
support may be required for some students.
In relation to perspectives for the future and culture of complexity, shifting emphasis of education towards these criteria could actually be beneficial.
Undoubtedly, students with ASD are not naturally adept in ”expecting the unexpected and dealing with it”, but designing education that develops such skills
could reduce the negative emotions the students can experience when their routine is changed. However, this is a loose hypothesis and the articles cited in this
thesis mainly solve the problem of inferior reading comprehension of students
with ASD. Breiting et al. (2005) suggests getting to know ”culture of complexity” through experiments taking place in nature, more precisely about the night
sky and astronomy. The experiments include planning ahead, and preparing for
weather conditions, for example. As Saunders et al. (2011) points out, many
aspects of science experiments can be within the distinctive skill set of students
on the autism spectrum.
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Promoting critical thinking and language of possibility can be familiarizing
with different opinions and perspectives and analyzing them critically. The ideas
can be discussed in a classroom setup, or they can be further investigated by
reading and possibly writing. In classroom discussions students with ADHD can
need support in concentrating on the ongoing task, which can be encouraged
with relevant images in the spirit of the multisensory learning module researched
by Fabio and Antionetti (2012). The module in question, however, was a HTML
environment instead of a classroom discussion, and thus the efficacy of showing
images during discussions is at this time purely hypothetical. Students with
autism spectrum disorders have been recorded to benefit from implementation
of different supporting aids such as peer supports, visual supports, and most
importantly activity schedules (Chalfant et al. 2017). Such solutions can further
students’ learning in these less structured classroom situations. Visual supports
could take the form of graphic organizers, for example.
Language of possibility is a concept that could, in fact, be the concept that
makes the I SEE module inclusive for students with disabilities. This is a bold
statement, but combining students’ perspectives for their personal future and
language of possibility, students could to some extent see themselves as active
agents that are able to make an environmental difference.
In addition to the hope of inducing language of possibility into students’ future discourses, the idea of action-based perspective includes some positive views
concerning students with disabilities. Action-based and activity-based are two
slightly different concepts: Actions, as stated in Jensen and Schnack (2010),
are intentional. ”Activities” can be extremely teacher-driven, and unrelated to
students’ intentions. However, a comparison can be made. Activity-based instruction has benefits for both neurotypical and special needs students. Students
with special needs have better learning outcomes and others enjoy activity-based
setups more (Mastopieri et al. 1999). What is different in the action-based perspective, is that students are encouraged to pick up action strategies, which
could for the benefits of students with ADHD or ASD, be organized as step-bystep procedures with well-structured instructions.
The criterion of participation sets an objective to offer students experience
in democratic processes, which is possibly beneficial in several ways. As the
original article states, this area of ESD requires setting a climate of discussion
in the classroom. The method of achieving that climate is an issue of an awesome line of pedagogical research, but in the area of learning disabilities, there
are some additional aspects worth analyzing. Pursuing democratic processes
in classrooms can take the form of an intervention for students with ASD. Influencing others is a complex procedure, which includes body language, facial
expressions and idioms. What if the teacher took all of these phenomena under investigation, with the students, and used it as a learning tool for autistic
students?
The last criterion, which is the most emphasized area of the Finnish curriculum’s section of physics, is subject matter. In this framework, ESD is considered
a source of motivation, which lays connections between traditional school subjects. If we manage to teach students with disabilities the key concepts, the ”big
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ideas” of sustainable development, students with ASD might find an area of interest within that field, and use that interest to become an expert. Students with
ADHD could, like in the concept map structured HTML environment,navigate
between concepts freely and thus control their focus and direct it into the problem they are trying to solve. In a similar manner, dyslexic students could find
a way to visualize these connections between concepts and school subjects.
As every educational ideal, action competence both presents opportunities
and poses threats to students with special needs. Following the criteria of Breiting et al. with these suggested changes and additions can contribute to success
in learning of students with disabilities.

4.2

I SEE module and students with special needs

Implementing good instructional practices for students with disabilities can be
beneficial for all students (i.a. Fabio & Antionetti 2012). As stated in chapter
1, some interventions or changes have been developed to improve some skill
that develops more slowly due to a specific disability (i.a. Knight et al. 2013).
Some have been established in a way that includes some way of scaffolding, such
as modified learning materials (i.a. Fabio & Antionetti 2012, Papalexopoulos
et al. 2008) or activities that make student’s strengths and skills visible in a
motivating way (Saunders et al. 2011). These are some examples of research
that can becomes relevant when altering learning materials in the I SEE climate
change module
The module is analyzed chronologically, and different sections are examined
within the quality assessment framework. Not every detail is analyzed in depth,
but the most important issues are addressed. However, a piece of learning
materials within the future scaffolding activities is analyzed more thoroughly in
the end of this chapter.
4.2.1

Conceptual and Epistemological knowledge activities

This part of the module resembles the traditional science education paradigm
the most — Science concepts are studied and laboratory assignments are completed. There are some aspects of the first part of the module that all the
activities share, and they are first evaluated within the assessment framework.
As the module is designed for upper secondary level education, the amount
of critical information is quite large. The module states, that the concepts
to be learned or revised are: ”radiation, heat, temperature, interaction between
matter and electromagnetic radiation, atmosphere of the earth (contents and
function), greenhouse gases and global warming”. There is quite a hierarchical
structure within these concepts, and understanding of the concepts of radiation,
heat and temperature is crucial for understanding of the latter concepts.
The first part of the module contains interesting conceptual learning objectives, which are communicated in an untraditional way, which is in itself neither
positive nor negative. However, the objectives aren’t as clear as they could be,
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and an attempt is made here to improve the language and conspicuous form of
said objectives.
The concepts that are listed as learning outcomes are: ”radiation, heat, temperature, interaction between matter and electromagnetic radiation, atmosphere
of the earth (contents and function), greenhouse gases and global warming”.
Radiation revolves exclusively around electromagnetic radiation, and no
mention is made of, for example, radioactive radiation or particle radiation.
The concepts of heat and temperature are studied more thoroughly, but they
may not be as diverse in content as radiation.
The last four desired learning outcomes are strongly intertwined. Concerning ”interaction between matter and electromagnetic radiation”, the authors
probably mean phenomena around absorption and reflection of radiation energy. Not all aspects of the atmosphere of the earth are studied, and almost
exclusively all knowledge of the atmosphere in the module is related to greenhouse gases, global warming or absorption and reflection of radiation. Content
on greenhouse gases is greatly concentrated on carbon dioxide, which may be
due to its anthropogenic sources. After listing all of these concepts, mentioning
global warming can be rather obvious.
A more precise list of learning outcomes could be as follows: Heat, temperature, absorption and reflection of electromagnetic radiation, greenhouse gases
in atmosphere. It is crucial to bind these concepts to the context they are
studied in, so a more general, conceptual learning outcome could be articulated
like this: Interaction between matter and electromagnetic radiation and global
warming. Making a distinction between concepts and context makes the learning outcomes more exact, and hidden hierarchy is reduced. The ”big ideas” also
become apparent.
As already stated, there are both opportunities and threats in working in
a laboratory, and group work, in case of students with learning disabilities. In
part I, the crucial skills have to be identified in addition to the science concepts
listed above. In the module these ”scientific epistemology and lab working”
skills are listed as ”modeling phenomena, testing hypotheses, making predictions, observing, planning, and executing controlled experiments and measurements, analysing data, communicating findings to peer groups”, and ”forming
arguments on the basis of empirical findings”.
The possible conspicuous strategies(II) to be used during the first part
of the module are numerous. The open way the instructions of the module are
written gives the teacher freedom to introduce the content in an appropriate way
that recognizes the special needs students may have. What should be recognized,
is the pursuit for action competence skills, which includes the dimensions of
complexity, critical thinking, and participation, which is in some contradiction
with the idea of conspicuous strategies. One suggestion to move past this issue
is communicating the learning objectives conspicuously with students. In the
spirit of action competence and the I SEE module, it is important to preserve
the process of learning and discovery.
Within the module, the critical information is definitively listed in the
section of learning outcomes. They are unambiguously stated, but it is up to the
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teacher to communicate them during instruction since they are not explicitly
implemented in the planned activities. More general learning objectives include
modeling greenhouse effect as a scientific phenomenon, and practicing modelling
and argumentation.
The skills to be learned are laid out even less specifically than the concepts.
There is a long list of skills to be learned, and the only one that is conspicuously
presented within the module is ”executing controlled experiments and measurements”. However, majority of the other skills mentioned can be discussed with
the classroom. It should also be noted, that ”forming arguments on the basis
of empirical findings” is a strikingly complex skill, and students are probably
not expected to excel at it after finishing this module. That being said, some
form of scaffolding should be available when it, in truth, is within the learning
objectives. More simple learning outcomes to achieve are ”testing hypotheses”
and ”making predictions”.
For high school, or upper secondary level education, the conceptual and
procedural knowledge required is, in truth, quite low. The measurements that
are made in laboratory exercises do not require any advanced methods in data
analysis, and conceptually, understanding absorption of thermal energy and
electromagnetic radiation are the key requirements. Learning by reading may
become the most common problem.
Considering mediated scaffolding, the first part of the module is quite well
moving from a simpler task to more complex ones: The complexity is increasing
towards the end. However, few examples and no model answers are presented
to students.
Strategic integration is a complicated issue in the context of this module.
Drawing meaningful connections is considered a part of the learning process,
and the map of conceptual connections is not supposed to be ”poured into
the student’s head”, as it is often described in the Finnish learning discourse.
This can be expected from a learning module that aims for acquiring action
competence skills, a vast amount of connections are expected to be made by
the students. Within the modern paradigm of learning, in which the student’s
collaboration in the learning process is crucial and the teacher is meant to
support students in formulating a meaningful reconstruction of concepts and
skills, this is partly justified.
As per primed backround knowledge, laboratory assignments and group
work are expected to be known in all of the activities. As the latter can be
difficult even among adults, this is an interesting starting point.
The activities will be examined one by one, and within them, the steps
described in chapter 4 are used to examine the inclusivity of said activity.
1. (I) The concepts that are mentioned in the learning outcomes manifest
themselves in various ways in the I SEE module. Before all of the activities have begun, students make notes on their current understanding on
climate change, and the concept of global temperature is introduced with
a diagram. In activity 1 different wavelengths of electromagnetic radiation
are introduced, which also includes the crucial concepts of wavelength and
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frequency, and a less important black-body radiation. Connections can be
drawn into the photon, even quantum physics, but these connections are
not vital in understanding radiation within the scope of climate change.
In activity 1, the spectra of different light sources are measured, which is
executed with a spectrophotometer and a compatible analysis software. As
a prerequisite, the students have to have the skill to use common features
of said software to save images of the spectra in order to compare the
results in the end.
(II) The concept of temperature, more specifically global temperature, is
presented to students through straightforward questions. At this stage,
the concept is not yet well defined. Spectrum is another concept that
is utilized in this activity, and the module instructions clearly suggest
discussing that visible light is only a small fraction in the electromagnetic
radiation spectrum.
The manner in which the actual laboratory experiment is carried out is
not spelled out, so the details are left for the teacher to decide. In the
end, students should be able to understand that some light sources emit a
continuous spectrum of light, and some have distinct, localized intensity
spikes.
(III) Scaffolding methods for laboratory work can be considered. Putting
together questions that facilitate the hypothesis or data analysis step is
one option, and some scaffolding can be allocated to the data collection
(a table for results, for example). The activity is quite straightforward,
and hence one could presume there would be a possibility to invest time
into learning studying skills and routine laboratory work skills. Since
the step is called mediated scaffolding, in case of a previously unknown
group of students, one can use the activity as an opportunity to assess
whether there are students in the group that require special assistance.
Unfortunately, assessment of learning disabilities is not the main focus
area of this thesis.
(IV) Strategic integration has clearly been considered in the making
of this module. Students’ previous knowledge on greenhouse effect is assessed in the very beginning. However, the connection between greenhouse
effect, global temperature and electromagnetic radiation is not yet made
clear. The different spectra of light sources is suggested to be ”discussed”.
A difference should be made between light that originates from glowing
objects such as the sun or a halogen, and light that is emitted when an
excited state of an electron is undone.
(V) This is the first activity in this module, which makes judicious review impossible when the group’s previous studies and knowledge is unknown.
(VI) Primed backround knowledge does exist for this activity. Per
previous assessment steps, this activity includes the concepts global temperature, electromagnetic radiation, wavelength, and spectrum, which are
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in close relation with black-body radiation, heat, frequency, and even average values. The skills needed are the use and at least understanding
results of a spectrophotometer, and some effective method of gathering
information, such as concept maps, is needed when the preconceptions
of greenhouse effect are listed. Also, ability to perform well in groups is
expected.
2. (I) Activity 2 includes absorption of radiation, which is an example of
interaction between matter and radiation. The experiment makes a comparison between the absorption of solid matter of different reflective properties, black paper and aluminium foil. The concept of absorption is not
expected to be known prior to the experiment. However, the concept of
temperature is quite implicitly expected to be known. Albedo can be discussed within this activity, but the results can also be explained without
that specific word through absorption and reflection.
In activity 2, the laboratory skills needed are quite uncomplicated: There
is no need for drawing graphs, for example, which requires precise notes
and records. In activity 2 the readings of two thermometers are compared.
(II) and (III) The definition of temperature can be mentioned. Scaffolding
can include a ready-made table for measurement, and the instructions can
be divided in smaller steps. Otherwise, the tasks aren’t overwhelmingly
complex. These tables can be made for scaffolding in all of the data
collection tasks within this part of the module.
(IV) Main idea of this activity is materials’ ability to gain energy from
radiation by absorption. The spectrum of sunlight is relevant, and so
is the concept of reflecting radiation. Temperature can be measured by
a resistor-operated thermometer or a traditional thermometer based on
thermal expansion. Connections can be made to absorption into gaseous
substances, and yet to the global temperature discussed earlier.
(V) The second activity of the module is in truth quite a rich base for
judicious review. The radiation spectrum of the sun became known
during activity 1, and now in activity 2 the absorption of said radiation
is examined. It should be noted that the radiation energy that is being
absorbed is mostly within the spectrum of visible light, and reflection and
absorption of other wavelengths cannot be seen with the naked eye.
(VI) The conceptual backround knowledge has been discussed on earlier steps, but the procedural knowledge is more complex in this context.
There are some crucial instructions that students need to follow. The
thermometers should not be exposed to direct sunlight, and the teacher
needs to make sure that is understood. Reading comprehension must be
confirmed.
3. (I) This is the second activity that goes into the concept of absorption.
The objective is to measure the absorption properties of different gases and
materials. The experimental setup consists of an infrared thermometer, a
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hot plate, and a pipe through which the temperature will be measured.
The pipe can be filled with a gas of interest, and the gases chosen for this
experiment are water vapour and carbon dioxide. The materials tested are
glass and plastic. Naturally, the concepts of gaseous and solid substances
are expected to be known.
Temperatures are quite swiftly measured as movement of particles (activity 2), and then suddenly through the black-body radiation model (activity
3), which should be understood by students. The module does instruct
the teacher to discuss the ”principle of the infrared thermometer”. For
lower achieving students, a figure showing the principle of operation could
be presented – the thermometer measures the radiation emitted by the
object, and objects of different temperatures have different spectra, and a
different wavelength of maximum intensity.
After activities 1-3 students are required to revisit their earlier explanations on the greenhouse effect. Applying the information learned from the
activities to the phenomenon is a cognitively challenging task. Students
are expected to interpret their information on electromagnetic radiation
and absorption on a global scale. Some scaffolding may be needed, and at
least discussion with the teacher is recommended.
Activity 3 also sheds light on the contents and function of the atmosphere, greenhouse gases, and global warming. Consequently, it is very
rich in conceptual knowledge. Perhaps for that reason, the data analysis required is quite simple: Students perform one measurement for each
different medium and compare the results.
(II) Activity 3 has slightly longer written instructions than activity 2,
but the measurements are still quite uncomplicated – the temperature of
a hot plate is measured with an IR thermometer around different gases,
and through plastic or glass. The instructions are also provided with a
photograph.
The results of the same activity rather implicitly show that the gases inside
the pipe and a glass plate absorb thermal energy, i.e. heat, and this effect
is suggested to be discussed with students. Students can be encouraged
to create a visual representation of the phenomenon, which not only helps
students with special needs, but also broadens the teacher’s assessment on
both instruction and learning.
(III) A quite obvious point of confusion can be the abrupt change in
thermometers, and the fact that the IR thermometer is actually used to
determine whether radiation is absorbed between the hot plate ans the
thermometer. Thorough discussion may be needed on this issue. As for
scaffolding suited for the student groups with ADHD, ASD or dyslexia,
there can be issues with longer instructions, but simply splitting the instructions into numbered parts can be a suitable method of scaffolding.
Presenting the photograph, provided in the module, of the experimental
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setup can be considered, and drawing a simplified version is recommended
in more extreme cases of learning disabilities.
(IV) The activity has a direct connection to greenhouse gases, and electromagnetic radiation. The difference in wavelengths of the radiation of
the sun and the hot plate are not articulated in the module, but it is not
as crucial information as absorption itself.1
(V) Temperature is still a relevant concept after activity 2, and the concept
absorption is brought into the context of gaseous substances. Greenhouse
gases are introduced, which is connected to global temperature (activity
1), absorption (activity 2), and the gases will be discussed in following
activities.
(VI) The long instructions may require scaffolding. The conceptual knowledge needed has been articulated.
4. (I) In activities 4-5 the concept of concentration becomes important, and
it is used in the context of carbon dioxide in the atmosphere. In activity
4, carbon dioxide concentration is studied on a small scale in a laboratory
setup.
In activity 4 the experiments have to be conducted with patience, and
adequate notes must be taken of the results. Otherwise the activity is,
again, uncomplicated.
(II) The stated purpose of the activity is to ”explore how different objects
affect the concentration of carbon dioxide”. In measuring concentrations
under different circumstances, this objective is accomplished. The problems with conspicuity only occur in activity 5, if this laboratory experiment is not properly connected to the carbon footprint.
(III) No new scaffolding methods should be introduced at this stage, and
some can possibly be removed in consequence of students learning new
skills. Activity 4 is a laboratory assignment, and no new skills will be
needed after the prior activities. There is only new backround knowledge
in the form of carbon dioxide concentration of atmosphere, which can be
discussed if needed.
(IV) This activity preliminarily shows that anthropogenic causes affect the
carbon dioxide concentration in at least a small portion of the atmosphere.
Carbon dioxide is already known by students to absorb infrared radiation.
(V) This activity can be quite separate from the earlier activities, if an important connection is not articulated. The carbon dioxide concentration
of a container is measured, and it is supposedly assumed that larger concentration of carbon dioxide induces more absorption of radiation. This
is not well argumented, but it should be expected to be deduced by the
students. A graph on carbon dioxide concentration of the atmosphere over
1 We are slightly deceiving students in doing so. The wavelengths of radiation that specific
gases absorb in the atmosphere vary.
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time is shown to students, which can be used as a part of discussion. The
data collection should also follow similar pattern to the previous activities: There is a list of circumstances, in which a certain physical quantity
is measured.
(VI) Concentration of greenhouse gases is crucial for students’ performance
in this activity. As in activity 3, the instructions are relatively long, and
many phases must be followed through.
5. (I) In activity 5 carbon dioxide concentration remains relevant, and it
is viewed as a global, and through the carbon footprint idea, a personal
phenomenon. Otherwise the concepts mentioned earlier are sufficient to
carry out these exercises. On the other hand, these activities require
procedural knowledge related to laboratory work and acquiring knowledge.
(II) Activity 5 does not include any laboratory experiments. Students
watch a narrated video, and calculate their carbon footprint with an online calculator and discuss in groups. After that, a classroom conversation
will be led by the teacher. Both discussions require a sufficient amount of
inhibitory skills. The calculator has two options, middle school and secondary school calculator, and both are mostly written and have little or no
visual aides. The higher level calculator for secondary school students has
one image, which presents a weed wacker. The middle school version does
not have any images to facilitate reading comprehension. The calculator
might be the most difficult activity in all of the part of conceptual and
epistemological knowledge, but that aspect is explored in further detail in
the following steps.
Activities 4 and 5 deepen students understanding on the atmosphere and
greenhouse gases. As students learn about the interaction between carbon
dioxide and infrared radiation in activity 3, in activity 4 they examine the
effect different substances have to the carbon dioxide concentration inside
a beaker. In activity 5 this information on these effects can be compared to students’ personal carbon footprints, which, in the module, is
expressed as follows: ”The purpose of this activity is to expand the previously acquired knowledge of carbon emission to concern also anthropogenic
sources”. This is mostly expected to occur via classroom conversation,
since the video watched and the carbon footprint calculator used do not
have conspicuous connections to the experiment that has been conducted
in activity 4.
(III) As specified, the carbon footprint calculator is not as accessible a
learning tool as other activities have been. A separate concept map of its
contents would probably be of assistance. The calculator requires focus,
reading comprehension, and literacy, which can be a challenge in all of the
groups of interest in this thesis.
(IV) The carbon footprint ties together the anthropogenic nature of carbon
dioxide emissions, and the gas’s ability to absorb radiation. The students’
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own representations of greenhouse gases are a fine tool in making richer
connections within the subject matter.
(V) The phenomena on step IV has a direct connection to the activities 3
and 4, and the absorption of radiation (3) and different ways to affect the
carbon dioxide concentration (4) can now be observed to have larger-scale
effects to the whole atmosphere.
(VI) As mentioned, this activity calls for tremendous skills in working
with long texts. On its own, the activity brings some perspective into the
concept of carbon footprint. Hence the earlier activities are not obligatory
to facilitate learning through the video, the calculator and the following
classroom discussion.
4.2.2

Future Scaffolding skills activities

1. (I) The critical conceptual information now does not particularly include detailed understanding on the predator-prey model, but the fact
that there is such a complex system as a differential equation on predator and prey populations, which the nature does not perfectly accurately
follow. However, the activity starts by introducing the Lotka-Volterra
model, and then the students proceed to try a simulator of said model.
The instructions, and the simulator are quite complicated. Yet the way
the equations are presented in the module is very descriptive. Even if the
simulator activity runs poorly, the phenomenon is well explained in the
end through a combination of a video and written narrative.
(II) Concerning the conspicuous strategies, the students have not been
exposed to differential equations, and can thus have anxious attitudes towards them. It should be communicated, that the objective is not learning
to form an equation, but to alter the variables and see the results. On this
foundation, the ”satisfying conclusion” is that not all scientific models end
in a linear graph such as Ohm’s law. It can also be pointed out that the
experiments conducted in the previous part of the module (Conceptual
and Epistemological knowledge) did not have such results.
(III) The final video that explains the phenomenon is very articulate, but
the narration is in written form. It can be necessary to read it out loud.
Assistance should also be provided already while using the simulator.
(IV) A connection exists to climate change, that is well communicated in
the module – Climate change is full of complex systems such as the model
introduced.
(V) At this stage, the connection to previous activities lies in the lack of
linear models.
(VI) The backround knowledge here may have something to do with students’ coping skills, when a complicated mathematical model is presented
and used in a short timespan. Students should be able to thrive in the
culture of complexity, take action, and experiment with the simulation.
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No preconceptions are expected in the field of ecology or animal populations. Finally, rather lengthy instructions are included in the simulation
website, which can be considered a problem for dyslexic students and
students with ADHD. The language is quite precise and without idioms,
which is accessible for autistic students.
2. (I) Feedback loops are an important aspect of climate change, and the
reason for the longevity of the problems that carbon dioxide emissions
cause in the atmosphere. The crucial information to perform well in
this activity is quite narrow in terms of procedural knowledge – watching
a narrated video, answering facilitative questions and taking part in classroom conversation requires focus and ability to write notes. Compared
to other activities already carried out, this is not such a great requirement. Conceptually, feedback loops are rich but this activity only expects
students to know in advance that different ecosystems inhabit different
organisms.
(II) It is relevant to conspicuously communicate the existence of climatological feedback loops.
(III) Scaffolding in reading and writing can be required. It is also pointed
out in the module, that the words ”positive” and ”negative” may carry
connotations to the desirability of a given phenomenon, but the concepts
of positive and negative feedback refer to the orientation of the change.
(IV) Connection to carbon dioxide in the atmosphere exists.
(V) Feedback loops are a new phenomenon within this module.
(VI) The video is quite independent from the knowledge students have on
the physical universe. No new skills are expected to be known, nor does the
activity include complex mathematical models such as the Lotka-Volterra
model.
3. (I) Again, the scientific model investigated is not the primary learning objective. The simulation website has excellent instructions that have been
divided into small phases. The primary conclusion of the simulation is that
according to this model, social diversity must be ”forcefully” maintained
as it does not occur naturally.
(II) The model that is used is a part of the sociological research domain. It
is nonetheless an example of yet another complex system. The simulation
shows that a chain reaction follows, when one changes one shape in the
”two-dimensional shape universe”.
(III) Per step I, the instructions on the simulation website are very articulate. There is no discussion mentioned in the module. Possible problem
that the module predicts is students’ poor understanding or questioning
of simulation as a medium.
(IV) Connection can be found to other complex systems – There are also
differences that can be discussed. Sociological expertise is needed to draw
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more connections to other concepts. The skills used are quite exclusively
reading and interpreting an uncomplicated simulation.
(V) This is the second simulation of the module, and a connection can be
made to activity 1. Connection to feedback loops can be discussed, but
it is questionable whether the segregation of shapes actually amplifies the
process.
(VI) Little conceptual or procedural backround knowledge is required.
4. (I) This activity is richer in conceptual, and definitely procedural knowledge. In the next chapter, an enhanced and more detailed version of
this activity will be introduced. The conceptual knowledge is once again
secondary, and the activity introduces the method of causality maps. Students read a text called ”Biodiesel Story”, and learn to make a causality
map by doing. The story itself is rather difficult to follow, and consequently it requires strong literacy and reading comprehension skills, and
focus. The module names ”ability to analyse and understand written
texts” as a desired learning outcome.
(II) It is important to point out that causality mapping is the main area
of focus in this activity. However, the contents of the biodiesel story are
closely related to climate change, which is worth mentioning. Finding
feedback loops within the causal map is of essence.
(III) There are several improvements the biodiesel story can undergo, that
will be explained in detail inn the next chapter. The idea of causal maps
underlines the complexity of issues related to climate change. It may
be equally difficult to learn the process of making a causal map. It is
recommended that an initial piece of a map is shown to students before
the activity. It may also be necessary to show a finished map on an
unrelated issue. That can, however guide the students’ process too much.
(IV) Biodiesel is directly linked to climate change: It cuts carbon dioxide
emissions by fossil fuels through its renewable nature.
(V) Biodiesel is not, nevertheless, directly linked to the information students gained in the first part of the module. They burned a candle, which
raises the carbon dioxide concentration under the beaker. It is crucial to
know that biomass is not as large a problem as fossil fuels since it is still
a remaining part of the carbon cycle in nature.
(VI) Skills in any form of concept mapping or mindmaps can assist students in the beginning. The activity can also be held outside of this module, since the skills needed for it include reading comprehension, and some
form of understanding on climate change that can be gained elsewhere.
Causal maps are first introduced within this activity.
5. (I) This activity has gained insight from the domain of future studies. The
learning outcomes are slipping further away from the traditional science
education objectives, as sentences like ”decision making skills” and ”creativity” enter the list. It can also be noted that the objectives resemble
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more and more the objectives of action competence education. This activity is expected to enhance ”active participation” and ”planning actions”.
The subject matter is ever less significant. Students are most importantly
trained to signify between ”possible, probable and desirable futures”.
(II) The activity is divided into four sections. First, students determine
which stakeholders are present in the scenario they are examining. Secondly, with this knowledge, they explore and compare future scenarios.
Then, they plan which actions they take to achieve a desirable future. Finally, students make a decision on a good course of action. In the spirit of
conspicuous strategies, this process should be communicated to students.
Moreover, the learning objectives are good to know.
(III) This is a group activity, and problems on group work come with
it. In addition, the instructions are quite open, which can be difficult for
students with ADHD and ASD.
(IV) No information of future studies is provided earlier in the module,
but the emphasis is on decision-making skills. A more detailed instruction
sheet could be designed if students struggle with open exploration or group
work.
(V) In this activity, a complex system is related to decision-making, which
probably has not been experienced by students.
(VI) As in earlier activities, open-ended exercises and group assignments
are involved.
4.2.3

Action Competence and Agency activities

The third part of the module has even more focus on students’ skills and motivation. The assessment framework is thus less effective as a tool directed solely on
the module. In the future, the framework can be used in case of a specific group
of students: In that case the teacher can evaluate the concepts that are crucial
in the fields of interest the students choose. The research group has, however,
created an example of a problem map, and identified two leverage points, which
are analyzed in short.
1. The activity is very much open-ended, but the lack of specific concepts and
skills to be learned makes the assessment tool challenging to use. With
this activity, a different approach is followed – The module is evaluated
directly through the knowledge gathered on ADHD, ASD, ans dyslexia. In
the activity, students are meant to work individually, and produce a text.
The latter can be scaffolded by more questions, of which some examples
are provided within the module.
The exercise is to imagine a dream future, which is presumably a difficult
task for students with ASD. The activity is a poor example of projectbased learning that underlines students’ non-academic skills, since the
work consists mainly of writing, and following open-ended instructions.
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The example questions include “How do you see yourself in, say, 15 years?
What kind of a world do you live in? How do you live? What do you do?
What roles do you play in your community?”, and with the impairments
in imagination associated with ASD these are complicated questions to
answer, and moreover, they contain many idioms.
Considering writing a long text with few instructions, the activity can
be difficult to students with ADHD and dyslexia as well – Students with
ADHD can struggle with maintaining focus and students with dyslexia
can have issues with the technical side of writing.
2. (I) The causal maps become relevant again, and the successful execution of
the biodiesel activity is quite important information. However, the loops
that are found in causal maps don’t exist in this activity. Otherwise, the
conceptual backround can be chosen by the students, which broadens the
crucial information and makes it difficult to find in advance. The concept
of leverage point must be understood by students in the course of this
activity.
(II) If the objectives are again communicated conspicuously, and the teacher
has as deep understanding as possible on different climate issues, this activity will run as pleasantly as possible.
(III) Mediated scaffolding becomes quite an extensive collection when
all scientific and other issues of climate change are investigated by students. The teacher can make sure that some sort of mapping procedure
is known by students.
(IV) There is a connection to causal maps, but the figures are less complex
– There are no loops.
(V) Leverage points can be found within many of the activities before this
part of the module.
(VI) The primed backround knowledge is allowed to be mostly procedural, but rich understanding on climate change can lead to a better
product and more positive feelings. These are, of course, aspects that
need to be researched in an experimental setup. The procedural knowledge needed comes down to understanding causalities related to climate
change, and still having a critical, perhaps scientific stance to the ideas the
group has. This activity would work without the module, if the students
are skilled in these areas.
3. This is another quite open-ended exercise, which follows the previous activity rather seamlessly. Students create a story on a leverage point of their
choice. This takes imagination and ability to work with an open-ended
question. Questions are provided within the module, and they can guide
students to come up with something creative to develop action competence
and agency.
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The reason why the assessment framework and the literature review in chapter 1 are such poor tools in respect to the third part of the module is probably
the fact that such a heavy focus is laid on the domain of science education within
the source literature. A traditional emphasis on subject matter is present in a
majority of research articles, and that is why a module focused on action competence is so challenging to assess with these existing methods. The next step
in this line of research is finding a way to assess skills, and to assess education that is focused on skills instead of subject matter. This is not to say that
teaching subject matter should be stopped all together, but to shift the point
of emphasis.
4.2.4

Enhanced Biodiesel Story

The Biodiesel story is a part of Future scaffolding skills activities, and I chose
it as a specific point of interest in my analysis. As an activity based on a 4page text, it can be challenging for students with disabilities in many ways,
as described in chapter 1. This activity is a good example of a possibly poor
assignment for students with ADHD, ASD or dyslexia, and that is why it is an
interesting subject of more thorough analysis.
Due to copyright restrictions of ”Biodiesel story”, it cannot be altered within
this thesis. It can, however, be analyzed. The module states that the biodiesel
story has been divided into paragraphs, that each present a causality related to
the production and use of biodiesel. Each of these causalities can be added to
the causal map that each group makes. The original text is presented in the
appendix.
The difficulty in making the biodiesel story more accessible for all students is
keeping the valuable causal mapping interesting and educational. For this purpose, the principles for creating textbooks by Papalexopoulos et al. (2008) could
be applied. Even when it has not been employed with students with ADHD, the
criteria lighten the cognitive load created by the complex text. Focus will also
be pointed towards the compare-contrast vocabulary used. These alterations lie
mostly within the step III of the Kame’enui & Simmons (1999) assessment tool,
mediated scaffolding. Conspicuous strategies are also presented.
The first paragraph presents a long list of percentages, which are in a diagram
in the module. The diagram should be shown to all students. Paragraph 2
goes on to explain biomass on a general level. Names of different industries
are used, and students can still use the diagram as a scaffolding tool. The
concept of photosynthesis is explained in detail as a footnote, and the chemical
reaction is explained by words and as a reaction equation. Students could have
difficulty with the word chlorophyll, and and an additional explanation could
be provided. Paragraph 3 is about the production of biodiesel, and the word
”transesterification” is also explained in a footnote. It could be communicated
more clearly that different hydrocarbon chains take each other’s places.
The chapter ”Use of biodiesel” is the content on which the students create
their own causal maps, and for that reason the chapter should contain very
precise language. The chapter consists of five paragraphs. Paragraph 1 com49

municates that use of biodiesel reduces greenhouse gas emissions because the
crops include carbon that was bound from the atmosphere recently, unlike the
carbon in oil. The 2. paragraph states that emission of aromatic hydrocarbons
is reduced by switching to biodiesel. A figure of aromatic hydrocarbons should
be provided for students with special needs, as it is not part of the familiar language described in Papalexopoulos et al. (2008). Paragraph 3 is about sulfur
dioxide, which is almost not released to atmosphere at all while using biodiesel.
The chain of reactions causing sulfur dioxide to acidify soil is provided in a
footnote. That could be confusing, since the earlier footnotes explained complicated concepts but this one gives additional information. Paragraph 4 discusses
particulate emissions and aerosols. The use of words ”increase” and ”decrease”
are related to compare-contrast, and are used many times within the paragraph.
Autistic students can have difficulty in determining that, in fact, particulates
increase the amount of aerosols, which decrease radiative forcing, and that, in
turn, decreases global temperature. Aerosols and radiative forcing are both
explained in more detail in their respectful footnotes, and so the explanatory
nature of the footnotes is restored.
The chapter on the production of biodiesel has six paragraphs. The first 3
paragraphs discuss the importance of considering the effects of biodiesel production, the fact that biodiesel production does not take place in the countries
where it is used, and the humanitarian issues in causing food insecurity. Food
security is defined in a footnote, but like in case of sulfuric acid formation, the
footnote consists again of additional information that is not crucial for reading
comprehension.
The third paragraph is rich in causalities as are paragraphs 4, 5 and 6. Paragraph 4 discusses the risks of monoculture, which is a new concept that remains
unexplained within the Biodiesel story. A definition should be provided for all
students. Paragraph 5 introduces a cooperation scheme between farmers and
biodiesel corporations. Paragraph 6 describes a conclusion where the cooperation leads to better infrastructure, and working and studying opportunities for
the residents.
The text includes numerous compare-contrast structures, and the authors of
the module confirmed in the material that the text was meant to do so. The
sentence structures were very articulate, and if the vocabulary is understandable
enough for students, this activity is accessible for students. Scaffolding in forms
of simple pictures and figures can be carried out.
The causal map is an example of a graphic organizer, but to completely
understand the life cycle of biodiesel, an organizer with pictures can be drawn.
Important themes include the farms, communities around the farms (including
the corporations that farmers cooperate with), and the emissions related to
biodiesel use.
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Figure 2: The model causal map compiled from the contents of ”Biodiesel
Story”. The students only compile the causality map related to the use of
biodiesel. (Source: I SEE module)

5

Discussion

In retrospect, the scope of this thesis is extremely wide. The themes that
are discussed include three learning disabilities, learning disabilities in general,
the action competence discourse, subject matter in climate change, and the
assessment tool that was used. All of these themes are interrelated, and they
also interact with the I SEE module. Not all of these relationships could be
discussed at length, and some could not be examined at all.
A topic that is related to, but not included in this thesis is assessment methods for detecting learning disabilities. A vast amount of research is dedicated
to this specific area, and in the beginning of the module, some assessment may
have been possible to be conducted, and the gathered information could have
been used on the step of mediated scaffolding.
Comparing all of ADHD, ASD, and dyslexia in relation to physics and science education turned out to be a very interesting ensemble, and the similar
nature of scaffolding methods was striking. More teachers should acknowledge
the strengths and opportunities associated with these groups of interest. Students with autism spectrum disorders can have spectacular attention to detail, whereas students with ADHD can be physically active in a positive way.
Dyslexic students are prone to have elevated visual skills, and have even been
recorded to compensate their difficulties in reading by relying more on context.
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Figure 3: The model causal map that is shown to students in the beginning of
the activity (Source: I SEE module)
These are only some examples, and hopefully these students will not be discriminated against due to differences to their neurotypical peers. The knowledge
gathered on students with these disabilities was a useful theoretical backround
for the research.
The assessment tool of Kame’enui & Simmons (1999) is richer when the
teacher has expertise firstly on the subject matter, and secondly on learning
disabilities. The notes on the Biodiesel story were mainly dependent on the
knowledge gathered on learning disabilities, not on the assessment tool. In
addition, content knowledge on physics was a major theme in assessing the first
part of the module, Conceptual and Epistemological Knowledge.
Even though learning disabilities were not considered while making this module, it has many advantages to students with ADHD, ASD and dyslexia. Large
amount of laboratory-based learning has its advantages. The most pervasive
issue is the possibility to carry out the activities in a very open-ended fashion,
which can be a problem especially for students with autism spectrum disorders,
but also for students with ADHD if they do not know the process of, for example, laboratory experiments. Naturally, giving too specific instructions is in
contradiction with the ideal of action competence.
Highlights of the analysis include the carbon footprint calculator that included surprisingly difficult language and very little pictures, although the methods with which the activity could be improved are quite trivial. Another issue
that arose was the possible confusion students could have when an IR thermometer is used to determine absorption of radiation, not temperature. Providing
students with a more thorough explanation with a picture is a potential form
of mediated scaffolding. However, using an everyday measurement tool in this
way is actually quite clever, and may push students to produce more creative
solutions to problems. Contrarily, the biodiesel story is a long text which turned
out to be quite inclusive of nature because of its clear structure.
As the module progresses from more traditional science education towards
more general action competence skills, the assessment tool’s focus shifts, and it
perhaps becomes less useful. Thus, as education evolves, so must the assessment
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tools with it. For the purposes of this thesis, literature on procedural knowledge
and skills was not examined. This point of view could improve the usability of
the tool, or help create an entirely new one.
The Finnish curriculum that has recently been adopted to education promotes the ideals of phenomenon-based instruction, all-round skills that concern
many subjects, and problem-solving, and the themes of action competence such
as skills in cooperation or clarifying own thoughts to others are quite similar
and suitable. Thus developing assessment methods both for instructional tools
and student performance is a very important goal in Finnish physics education.
Naturally, developing suitable instructional tools is equally important.
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Appendix
Biodiesel Story
The original Biodiesel story is presented on pages 58-61.
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Use and Production of Bio Fuels: Biodiesel

Introduction
Transport is one of the crucial themes as far as mitigation of climate change is concerned, as it plays a central
role in the domain of greenhouse gas emissions. The WG3 report of the fifth Intergovernmental Panel on
Climate Change (IPCC, 2014) reported that 25% emissions are a result of the energy sector, 24% from
agriculture and stock-raising, 21% from industry, 14% from transport and 6.4% from the construction sector.
The remaining 9.6% are to be attributed to other energy sources (data provided in 2010). In this paper, we shall
carry out an analysis focused on the transport sector and, more precisely, on that area concerning bio fuels and
biodiesel.
Before entering the analysis of the problem, we provide some general information about “biomass”. By
considering the definition given by the EU Parliament and European Council (EC/2009/28/ Art. 2), the word
biomass refers to the biodegradable part of organic products, waste and residues of biological origin as from
agriculture (including plants and animal substances), forestry and related industries, including fishing and
aquaculture as well as the biodegradable part of industrial and urban waste. During combustion, biomass emits
a quantity of CO2 into the atmosphere equal to the quantity previously absorbed by plants during the
photosynthesis1 process and, for this reason, the growth and combustion cycle of biomass is called “zero
balance” 2.
Biodiesel is obtained by squeezing and by transesterification3 of oily biomass such as that from soy seed and
rapeseed (canola). This is the biofuel we intend to deal with in this essay. As we already said above, the use
of this renewable source of energy is not necessarily favorable and it has consequences which may act at
different levels. This is why the EU has commissioned extensive research aimed at understanding the variety
of their impacts, while also quantifying their extent, in terms of both benefits and risks. A summary of these
considerations will be presented below.

Use of biodiesel
Using biodiesel for transportation, instead of gasoline, allows a reduction of two well-known greenhouse gases
emission, CO (50% reduction) and CO2 (78,45%). The reason for the reduction can be found in the mechanism
of production of the biomass itself: the carbon emitted during combustion is the one that already existed in the
atmosphere, fixed by vegetables crops during their growth. The carbon is not, unlike the case with gasoline,
trapped since the distant past in the Earth's crust.
1 The so called chlorophyll photosynthesis is a reaction which consists in the production of glucose and oxygen starting from t he carbon dioxide in the
atmosphere and from metabolic water, in the sunshine, as the following formula shows:
6CO2 + 6H2O + light → C6H12O6 + 6O2

2

Balance is actually a "zero balance" when we avoid taking into consideration any other contribution to the growing of the biomass: if, instead, we
contemplate the fact that vegetable and arboreal imply the use of synthetic chemical fertilizers and phytochemicals, besides agricultural machineries,
irrigation pumps and means for the transportation of the produce, it all means that a large quantity of fossil fueling is needed and it produces CO2.That
brings to the conclusion that there is no real balance as there is a clear-cut production of CO2 because of the fossil fuels which are not renewable.
3
Transesterification consists in the transformation of an ester into another ester by means of an alcohol. Here following, see the represented model:
an ester with an alcohol in reported on the left, while, on the right, find another ester plus another alcohol:
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Moreover, a reduction in the emission of aromatic hydrocarbons (71%) is also reported. They are natural
compounds, present both in oil and in carbon, that are extremely toxic to the environment, human beings and
animals as well as to flora, they are also among the substances responsible for the ozone hole.
Furthermore using biodiesel, sulfur dioxide (SO2) emissions are almost totally eliminated. This gas, once it
has entered the atmosphere, interacts with oxygen and water vapor and forms sulfuric acid4. This, on turn,
comes back onto the earth in the form of acid rain which acidifies soils and of water resources, so causing
serious damage to the natural environment in many industrialized regions.
Very important is also the reduction (50%) in the emission of particulates (fine dust). These are responsible
for acute illnesses in humans’ respiratory and cardiovascular systems. This is why it has become indispensable
to introduce anti-particulates filters to vehicles. With respect to the greenhouse effect, instead, an increase in
the quantity of particulates contributes to the increase of what is called aerosol5, which reduces the global
radiative forcing6, partially compensating greenhouse effect.
The use of biodiesel is also associated with the increasing emissions of nitrogen oxides (NO X) to cars’ exhaust
(10 - 15%), which are greenhouse gases. It is however important to stress that, by considering the whole
production chain, the biodiesel supply chain emits about 20% fewer nitrogen oxides than the oil supply chain.
A number of nitrogen oxides are then reduced, among which N2O3 (dinitrogen trioxide) and N2O5 (dinitrogen
pentoxide) which are water-soluble. Because of atmospheric humidity they may form nitrous acid and nitric
acid, both present in acid rain.
Production of biodiesel
In order to examine the problem in a global perspective and take into account the various impacts, it is not
enough to limit it to the analysis of the emissions produced in the use of biofuels but it is necessary to include
an evaluation of the consequences of its production.
4

The chain of reactions that leads to the formation of acid rain is herewith reported and discussed. Sulphur dioxide in the
atmosphere SO2 is oxidized, so forming an intermediate reaction:
SO2 + OH• → HOSO2•
As the intermediate is highly reactive exactly because of the unpaired electron (•), there immediately is one more reaction:
HOSO2• + O2 → HO2• + SO3
In the presence of water, Sulphur trioxide SO3 becomes rapidly converted into Sulphuric acid H2SO4:
SO3 + H2O → H2SO4
5

Atmospheric aerosol is composed by liquid or solid particles suspended in the air. It may form out of natural origins
(ex: volcanoes) or anthropogenic (ex: emissions from industry and transport) and can influence climate in multiple
complex modes, because of its interaction with the radiation and with the clouds, either in terms of cooling or in terms of
warming. Altogether, models and observations indicate that aerosol of anthropogenic origin has, on average, exerted an
influence of cooling on the earth since pre-industrialization, the which has partially made up for that medium global
warming due to the greenhouse gases, which would have occurred in case its influence were missing. The envisaged
reduction of emissions of anthropogenic aerosol, undertaken by political acts aimed at making the quality of air healthier,
could, in the future, "unmask" this warming (IPCC, 2014).
6

Radiative forcing, W/m2, is defined as the difference between solar radiation absorbed by the Earth and the reflected
radiation: a positive radiative forcer brings greater radiation into the system and contributes to its warming, while a
negative one involves a larger quantity of radiation coming out and so contributing to the cooling of the system. Radiative
forcing is influenced by a compound of greenhouse gases,58and this is why IPCC (2014) defined it as “the influence a
given factor plays in altering the balance between in-going and out-coming energy of the system Earth-atmosphere and
it indicates the importance of that factor as a potential modifier in the field of climate change”.
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Biodiesel is produced in countries other than those that make use of and benefit from it, mainly in African
countries (Locke & Henley, 2013).
An example of an effect of the production process is the following: the conversion of arable land dedicated to
the growing of crops into areas where biodiesel is produced implies an increase of the price of raw materials
in the Majority World (compared to high transport costs of food imported from other countries), resulting in
the increase of food insecurity7 both from the point of view of availability and of access to food.

Still considering the use of soils, the spreading technique of monoculture for the production of biodiesel has
implied a reduction in biodiversity and has enhanced the risk of growing species of insects and bacteria which
strongly damage crops. As a consequence, it causes an increase of the price of the few raw materials left. An
intensive use of monoculture also raises the risk of soil erosion and the progressively increase of its
vulnerability; this contributes to the increase in food insecurity from the point of view of stability, because
both local economics and populations come to face times of shortage in the production of crops. The increased
vulnerability of agricultural lands caused by insects and parasites also involves a larger use of pesticides which
contain nitrous oxide (N2O), a greenhouse gas that contributes also to the ozone hole.
The introduction of biomass cultivation might however support the production of crops of small landowners
and land administrators, who may sell and/or hire their own lands or reach an agreement with large companies.
The companies can provide technical knowledge about the production of biomass (fertilizers, agrochemical
products, a variety of seeds), and/or adequate technological means and, in exchange, the landowners can
guarantee the companies preferential treatment when buying raw material. This innovation may increase crops
and, consequently, the availability of food products, thus conveniently contributing to improving food
security8, even if this would happen only to the involved social class, which means to a small part of the
population.
Finally, the presence of biodiesel crops, managed by large companies, may require enhancing the building of
local infrastructure (such as roads, electricity networks) paid by the company itself or by the government. This
general improvement may, on turn, bring some benefits including facilitation in traveling, so also favoring
working and studying opportunities, as well as an easier way of reaching market places. This would also
increase both economic and physical access for people to food stock.

In 1996, the World Food Summit defined food security as a situation when “all people, at all times, have physical, social
and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active
and healthy life” (FAO, 1996). The 2009 World Summit on Food Security extended this definition, describing the four
pillars of food security:
7

·

availability: is the supply side of food security, determined by the level of production, stock levels and imports of
food in the local area. Availability of foraged foods may also be important in certain contexts. Weather, yields,
soil conditions, planting decisions, transport and storage infrastructure and a change in the trade regime can all
affect availability;
· access: is the economic and physical access to available food, mainly from the household perspective. This can be
from purchases, gifts or transfers of food. Households’ economic access to food is determined by overall household
income, disposable income for food and food prices. Ease of physical access to markets to acquire food is
influenced by the proximity of markets and other food sources (fields, forests etc.) and the existence and quality
of infrastructure;
· use: is the way individuals are able to consume food, which has a direct impact on nutritional status and is closely
linked to feeding practices, preparation and distribution of food between household members;
· stability: is the maintenance of food security through time while an individual or household may temporarily be
food-secure, outside shocks such as food price volatility, unemployment or harvest failures may undermine food
security. Shifting demographics within a household, such as the birth or death of a child or other household
59over time.
member, may also affect the stability of food security
8
From Govareh J., Jayne T.S. & Nyoro J. (1999). Smallholder Commercialization, Interlinked Markets and Food Crop
Productivity: Cross-country Evidence in Eastern and Southern Africa. Lansing, MI: Università del Michigan; cited in
Locke & Henley.
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