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The main purpose of this doctoral thesis is to co-design and examine digitally 
supported inclusive practices in science learning. Inclusive practices aim to 
provide quality education and quality learning opportunities for all students. 
Inclusive practices are characterised by process-oriented development that 
takes into account a student’s personal abilities and needs concerning both 
knowledge and competencies as well as the classroom context. Since there are 
very few research-based models for inclusive practices, the longitudinal 
educational design research (EDR) project aimed to co-design digitally 
supported inclusive practices at the grassroots level with researchers, teachers 
and students. The EDR project took place during two years in a medium-sized 
primary school in the capital region of Finland, where inclusive education was 
employed as part of teacher collaboration. The participating class (44 
students; 10 students with learning difficulties [LD]) had two primary teachers 
and one special education teacher, the defender of this thesis. The EDR 
consisted of four macro-cycles, which intended to increase understanding of 
co-designing and implementing inclusive practices in science learning. The 
first macro-cycle focused on exploring possibilities for using smartphone 
technology in a water project. In the second macro-cycle, students used the 
developed personal solutions and designed collaborative solutions while 
studying the following science-related themes: forest, human, motions and 
forces, and space. In the third macro-cycle, students studied Europe and Asia, 
plants, human and states of matter. The participants developed further both 
personal solutions and collaborative solutions. Finally, the fourth macro-cycle 
focused on one science theme, electricity, where solutions were designed for 
collaborative learning and especially for active participation. 

The thesis is comprised of four publications that form a holistic picture of 
the possibilities of digital technology when considering the adaptation, use 
and benefits for the student both at the personal and group level. Publication 
I reports the results of the first macro-cycle of the EDR. Publication 
II discusses the benefits of using a smartphone in science learning from a 
student’s personal learning perspective, reflecting all four macro-cycles. 
Publication III describes the EDR project’s final macro-cycle, electricity 
project, in which students utilised personal strategies that were supported by 
the teacher through respectful grouping, differentiated learning tasks and a 
reflective discussion after lessons. Finally, Publication IV evaluates the 
development and implementation of the inclusive practises throughout the 
EDR project from the perspective of the LD students. The data was collected 
through video recordings of ideating sessions, questionnaires, students’ notes 
from the e-learning environment, the teacher’s memo and interviews; it was 
analysed via quantitative analysis of frequencies, qualitative content analysis 
and co-occurrence network analysis.  
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As its theoretical contribution, this thesis weaves together the two 
frameworks of inclusive practices in science learning. First, the digitally 
supported inclusive science learning supports a student’s personal learning 
through the differentiation of content, process and product through the use of 
multimodality. The teacher employs a student’s personal strategies when 
preparing a collaborative learning project, especially at the levels of process 
and product. In light of the objective of inclusion, the teacher’s support during 
the process should aim at giving intensified support and structured guidance 
in collaborative activities where students require various competences. 
Second, such a long-term, reflective, co-designing project supports both the 
use of digital technology and the development of inclusive practices. LD 
students benefit from a process-oriented, comprehensive, structured and 
reflective use of technology in their learning. Differences between students’ 
digital competencies bring a new element to the classroom alongside academic 
knowledge, both of which affirm LD students’ social status in the classroom. 
The thesis emphasises that a long-term co-designing project can both develop 
teaching practices and engage students to develop their personal learning, and 
hence, promote inclusive education at the grassroots level. 

 
Keywords: digital technology, differentiation, inclusion, learning difficulties, 
science 
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Väitöstutkimuksen päätavoitteena on kehittää ja tutkia digitaalisella 
teknologialla tuettuja inkluusioon pyrkiviä opetuskäytänteitä 
luonnontieteiden opetuksessa. Inkluusioon pyrkivien opetuskäytänteiden 
tavoitteena on tarjota luokan jokaiselle oppilaalle laadukasta opetusta. 
Inklusiivisille opetuskäytänteille on ominaista prosessimainen kehittyminen, 
jossa huomioidaan oppilaat, heidän tiedolliset ja taidolliset tarpeensa sekä 
luokkakonteksti. Koska tutkimusperustaisia malleja inkluusiivisestä 
opetuksesta on varsin vähän, tutkimuksessa kehitettiin digitaalisella 
teknologialla tuettua inklusiivista opiskelua yhdessä tutkijoiden, opettajien ja 
oppilaiden kanssa educational design research:n (EDR) periaatteiden 
mukaisesti. Tutkimus toteutettiin kahden lukuvuoden aikana keskikokoisessa 
alakoulussa pääkaupunkiseudulla, jossa inklusiivista opetusta toteutettiin 
opettajayhteistyön keinoin. EDR-projektiin osallistuvaa luokkaa (44 
oppilasta, 10 erityisen tuen oppilastaa) ohjasi opettajatiimi, jonka 
muodostivat kaksi luokanopettajaa ja erityisluokanopettaja, väittelijä. EDR-
projekti rakentui neljästä iteratiivisesta makro-syklistä, joiden kautta pyrittiin 
lisäämään ymmärrystä inklusiivisten opetuskäytäntöjen kehittämisestä ja 
toteuttamisesta luonnontieteiden opetuksessa. Ensimmäisessä makro-
syklissä tutustuttiin käytettävään teknologiaan, älypuhelimiin, joita testattiin 
vesiprojektissa.  Toisessa makro-syklissä inkluusioon pyrkiviä 
opetuskäytänteitä kehitettiin oppimisen ja yhteistoiminnallisen oppimisen 
tilanteissa, kun opiskeltiin ympäristöopin teemoja metsä, ihminen, liike ja 
energia sekä avaruus. Kolmannessa makro-syklissä oppilaat opiskelivat 
Euroopan ja Aasian maanosia, kasveja, liikettä ja energiaa sekä aineen 
olomuotoja kehittäen samalla eteenpäin opiskelua niin oppilaan oman 
oppimisen kuin yhteistoiminnallisen oppimisenkin näkökulmista. 
Viimeisessä, neljännessä makro-syklissä keskityttiin yhteen aiheeseen, 
sähköön, jossa syvennettiin kehitettyjä inklusiivisia käytänteitä erityisesti 
tukemalla oppilaiden aktiivista osallistumista yhteistoiminnallisessa 
projektissa. 

Väitöskirja koostuu neljästä artikkelista, jotka muodostavat yhtenäisen 
kuvan digitaalisen teknologian käyttöönotosta, käytöstä ja hyödyistä niin 
yksilön kuin ryhmän tasoilla. Ensimmäisessä artikkelissa raportoitiin EDR-
projektin ensimmäinen makro-sykli, jossa tutustuttiin älypuhelimiin, ja 
tutkittiin oppilaiden puhelimien käyttötapoja vesiprojektissa. Toisessa 
artikkelissa muodostettiin ymmärrys älypuhelimen hyödyistä 
luonnontieteiden oppimisessa oppilaan oman oppimisen näkökulmasta. 
Kolmannessa artikkelissa puolestaan raportoitiin EDR-projektin viimeisen 
makro-syklin sähköprojekti, jossa hyödynnettiin EDR-projektin aikana 
opittuja taitoja, joita opettaja tuki ryhmittelyn, eriytettyjen tehtävien ja 
oppituntien jälkeen pidettyjen reflektiivisten keskustelujen avulla. 
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Neljännessä artikkelissa arvioitiin inkluusioon pyrkivien opetuskäytänteiden 
kehittymistä ja toteutumista erityisen tuen oppilaan näkökulmasta koko EDR 
-projektin aikana. Tutkimuksen aineisto kerättiin ideointivideoilla, oppilaille 
suunnatuilla kyselyillä, oppilaiden muistiinpanoilla oppimisympäristöstä, 
tutkijaopettajan muistiinpanoilla sekä haastatteluaineistolla ja analysoitiin 
tilastollisten tunnuslukujen, laadullisen sisällön analyysin ja yhteistapausten 
verkostoanalyysin (co-occurrence network analysis) keinoin. 

Teoreettisena kontribuutionaan tutkimus nivoo yhteen kaksi inklusiiviseen 
luonnontieteiden opetukseen liittyvää mallia. Ensiksi digitaalisesti tuetussa 
inklusiivisessa luonnontieteiden opetuksessa oppilaiden henkilökohtaista 
oppimista tuetaan eriyttämällä opetusta sisällön, prosessin ja tuotoksen 
tasoilla hyödyntämällä multimodaalisuutta. Näitä oppilaan henkilökohtaisia 
opiskelutapoja opettaja hyödyntää yhteisöllisen oppimisen suunnittelussa 
prosessin ja tuotoksen tasoilla. Inkluusion kannalta keskeistä on, että opettaja 
tarjoaa intensiivistä tukea ja strukturoitua ohjausta 
ryhmätyöskentelytilanteissa, jossa oppilailta vaaditaan moninaisia taitoja. 
Toiseksi pitkäkestoinen reflektiivinen oppimisen yhteiskehittäminen tukee 
niin teknologian käyttöä kuin inkluusioon pyrkivien opetuskäytänteiden 
kehittymistä luokassa. Oppimisessaan tukea tarvitsevat oppilaat hyötyvät 
monipuolisesta, prosessinomaisesta, strukturoidusta ja reflektiivisestä 
teknologian mahdollistamasta opiskelusta. Oppilaiden digitaalisen 
teknologian käyttöön liittyvät osaamiserot tuovat luokkaan uuden osaamisen 
elementin akateemisen osaamisen rinnalle, joka vahvistaa erityisen tuen 
oppilaan sosiaalista asemaa luokassa. Tutkimus vahvistaa näkökulmaa siitä, 
että pitkäkestoisella yhteiskehittämisellä voidaan kehittää opettajan 
inkluusioon pyrkiviä opetuskäytänteitä ja sitouttaa oppilaat oman 
oppimisensa kehittämiseen sekä näin ollen edistää inkluusion toteutumista 
käytännön tasolla. 

 
Asiasanat: digitaalinen teknologia, erilaiset oppijat, eriyttäminen, inkluusio, 
luonnontieteet 
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The starting point for this thesis dates back to when I was working as a special 
education teacher over a decade ago. The inclusive ideology that I had been 
exposed to during my studies and that had taken root in my life in general was 
not so common in schools. I felt that the system segregated students overly 
much. Without teachers’ mutual willingness to break down barriers, it was 
quite hard to make a change. After my maternity leave, I was fortunate to 
become part of a school community where inclusion was one of the school’s 
stated values. The staff was spurred to explore various innovative methods and 
solutions at the classroom level, and the school management encouraged 
teachers’ professional development. At the same time, the two teachers who I 
collaborated with acknowledged that working together at the same grade level 
facilitated our teaching and the students’ learning, enabling versatile 
differentiation and the increased use of technology. Besides, we noticed 
students’ abilities to adapt to new technologies. My doctoral path began with 
close collaboration with Professor Lavonen and Associate Professor Juuti. 
Together, we framed the EDR project, which included us teachers and also 
students in the design process, described further in this thesis. 

First and foremost, I would like to extend a heartfelt thanks to all of the 
excellent teachers, assistants, students and parents in the participating class. 
Without your active and engaged participation and innovative development 
work, this thesis would not have possible. Students, I cannot thank you enough 
for your open-minded and enthusiastic attitude. While I have been writing the 
thesis, you have moved from basic education to upper secondary education, 
and we all are graduating this year. I am proud that I got to be your teacher in 
your primary school years. Also, I am beyond grateful to Janne Nissinen, Risto 
Lauri, Paavo Oksanen and Maritta Oksanen for your companionship. You are 
exceptional professionals! Also, I would like to thank Katja, Juho, Vesa and all 
my dear colleagues for your support during those days; you shall have a special 
place in my heart always. 

My deepest gratitude goes to my excellent supervisors, Assiociate Professor 
Kalle Juuti and Professor Jari Lavonen. I am grateful for your encouraging 
guidance throughout my doctoral path, from the very beginning until its end. 
You have shown me what a true research collaboration between practitioners 
and researchers is at its best and helped me to grow from a teacher into a 
researcher. I value the numerous sessions where we have together made 
innovations to the EDR cycles, mulled over the data and developed the 
research articles. Our collaboration has been inspiring and genuine, and I have 
learned so much from you. Kalle, thank you for the countless discussions, 
encouragement to experiment with new methods and reassurance when it was 
needed. Jari, thank you for your insights and perceptiveness throughout the 
whole venture. With your help, I have been able to perceive the key issues, 
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which may have seemed so messy in my head sometimes. My warmest thanks 
to you both for challenging me to be my best. 

No study can be completed without peer support. My warmest thanks to 
Birgit Paju: you have been my collegial mentor. We have walked together 
countless kilometres along smooth pathways and rocky nature trails from 
Espoo to Kilpisjärvi, reflecting on inclusion and equality in education and 
research. Thank you for being my roommate at conferences, lending an ear 
when needed and being an empathetic, respectful and heartfelt friend! 

During the recent years, I have had an opportunity to work in two inspiring 
communities. I feel privileged to have had the chance to be part of a 
community of innovative teachers in the Innokas Network. Thank you Tiina 
Korhonen for giving me the possibility to develop innovative technology 
education methods in cooperation with you and other highly trained 
professionals in the field. Thank you also Minna Kukkonen for close 
collaboration during the years. I am grateful that it was you with whom we 
took our first steps as co-teachers, doctoral students and authors of inclusive 
e-learning materials. Tiina and Minna, my warmest thanks to you both for 
your partnership and friendship. I would also like to thank all coordinators 
and trainers from the Innokas Network for inspiring me daily with your 
educational innovations. Furthermore, thank you to all my present and former 
collegues at the Faculty of Educational Sciences, whom I have enjoyed getting 
to know and work with, and from whom I have learned a great deal. Special 
thanks to the innovative group of junior and senior researchers in the 
Maker@STEAM research community, with whom I have had the great 
privilege of working. Developing innovation education, invention pedagogies 
and maker-education from interdisciplinary perspectives has shown me what 
practice-research collaborations are at their best. A very special thanks to 
Pirita Seitamaa-Hakkarainen, Kai Hakkarainen, Sini Riikonen and Kaiju 
Kangas for your inspiring discussions, the fruitful research retreats and your 
companionship.  

I would like to thank my pre-examiners, Associate Professor Terhi Mäntylä 
and Assistant Professor Erkko Sointu. Your insightful comments and valuable 
proposals helped me to improve the thesis. I also wish to thank Professor Tzu-
Hua Wang for accepting the role of opponent at the public defence of this 
thesis via remote access.  

Financial support from the Academy of Finland (grants 286837 and 
294228), the Finnish Funding Agency for Technology and Innovation 
(Finnable 2020), the Strategic Research Council (grant 312527), the Innokas 
Network (several small project fundings) and the University of Finland have 
enabled me to work fulltime, which has been essential to the progress and 
completion of my thesis. I also wish to express my gratitude to the University 
of Helsinki for the financial support that enabled me to participate in 
conferences in Finland and abroad, and to my language editors at the 
University of Helsinki Language Services. 
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My warmest thoughts belong to my family. My mother Sirpa and late father 
Juha provided me a safe and loving environment in which to grow up. You 
encouraged me to pursue my own path and set an example that anything can 
be achieved with hard work. Äiti, thank you for supporting me during the 
writing periods with numerous loving cups of warm coffee. Having those 
writing breaks with you was precious, and I will always cherish them. I would 
also like to thank my sister Salli and brother Matti as well as their families. 
Free time with all of you has given me time to take a break from the academic 
world and just be me. Also, to all my other dear relatives and friends, you have 
played an essential balancing role during my doctoral studies.  

This study is dedicated to my husband, Tuukka, and my children, Arttu and 
Siri. Thank you for putting up with a messy home office, my absent-
mindedness and a shortage of free time in the past years. Tuukka, I cannot 
describe how fortunate I feel that you have been by my side. You have 
encouraged me, believed in me and, most of all, supported and loved me. Arttu 
and Siri, thank you for taking responsibility and helping out at home, but most 
of all thank you for the ordinary things, such as watching TV, playing board 
games and discussing things, debating them and laughing about them. I hope 
that my enthousiasm for life-long learning has been passed on to you. 
Remember to get exited and do what you love because you can achieve all that 
you reach for! 

 
Espoo, April 2020 
Kati Sormunen 
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Teachers in the field face daily situations that create a need for looking at 
teaching and learning from a new perspective. Digital technology, especially 
smartphones and their acceptable use in school, are everyday topics in the 
classroom with students, but also after lessons with teachers. Also, the topic of 
professional capability for teaching students with special educational needs 
has emerged in the private discussions, but also in the media (e.g. Partio, 2018; 
Ryder, 2019). The research field also acknowledges the importance of these 
issues. Students begin to use a variety of digital technologies before school age 
and expect to use them in school, too (Geer & Sweeney, 2011). The generational 
gap between students’ and teachers’ attitudes and expectations and possibly 
also their digital know-how are noteworthy in school settings (Hakkarainen, 
Hietajärvi, Alho, Lonka, & Salmela-Aro, 2015). Despite students’ willingness 
to use technology, they are dependent on teacher support when they use digital 
technologies in learning (Falloon, 2013; Looi et al., 2011; Nepo, 2017). 
However, many teachers have questions about the applicability of specific 
technologies: what kind of technology use promotes learning, how to use 
various technologies and which solutions support subject-specific learning, 
such as science. Additionally, teachers ponder these issues in light of special 
education issues in the classroom, primarily how to support all student 
learning.  

Since the reform of the Basic Education Act (642/2010) and its emphasis 
on inclusive education, there are increasing numbers of students with a wide 
variety of learning difficulties (LDs) in mainstream classrooms (e.g. Graham 
& Jahnukainen, 2011; Halinen & Järvinen, 2008). In inclusive education, 
students with identified special educational needs (referred to here as LD 
students) learn on a part-time or full-time basis as full members of the general 
education group (Hick, Kershner, & Farrell, 2009). According to the latest 
statistics in Finland, nearly one in five students (18.8%) received systematic 
learning support in autumn 2018 (Official Statistics of Finland [OSF], 2019). 
In addition, 64.5% students with special educational needs study in a general 
education group. Many teachers have critical attitudes towards such inclusion 
(Lakkala & Thuneberg, 2018; Saloviita 2018a), and they encounter problems 
in implementing inclusive education (Paju, Räty, Pirttimaa, & Kontu, 2015). 
But there are also successful examples of implementing the reform. For 
example, participating in long-term development projects or working in close 
collaboration with other teachers has had positive results (Lakkala, 2008; 
Pesonen et al., 2014; Rytivaara, 2012b). According to Felder (2018), successful 
inclusive education is a project involving all stakeholders, from educational 
professionals to students. However, the research on inclusive education has 
mainly been concerned with the field of special education. In the field of 
general education, inclusion has mainly been addressed from the perspective 
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of gifted education (e.g. Laine, 2016). Thus, many of the recent studies on 
inclusion in Finland have focused on LD students’ placement (Lintuvuori, 
2019) or class size and composition (Hienonen, Lintuvuori, Jahnukainen, 
Hotulainen, & Vainikainen, 2018). Further, some studies have focused on 
perceptions of inclusive education from the viewpoint of teachers and/or 
school personnel (Lakkala & Thuneberg, 2018; Paju, Kajamaa, Pirttimaa, & 
Kontu, 2018) or students (Vetoniemi & Kärnä, 2019). Honkasilta, Ahtiainen, 
Hienonen and Jahnukainen (2019, p. 23) criticise the fact that inclusive 
education remains a system-level definition and ‘fails to live up to the spirit of 
inclusive education in practice’.  

This thesis aims to broaden the discussion by proposing a different 
perspective for assessing inclusive education. For example, Bell (2002) argues 
that science learning provides opportunities for LD students to develop a 
better understanding of the world around them, and simultaneously, to 
develop an interest in learning by doing and thinking, exploring and 
investigating using all their senses and also to develop an understanding of 
cause and effect. According to Rennie, Goodrum and Hackling (2001), science 
learning and knowledge of the scientific literature are imperative for students 
to understand the world around them and make informed decisions about the 
environment as well as their own health and wellbeing. Also, the use of digital 
technology in learning has been found to be beneficial in inclusive classrooms 
(Geer & Sweeney, 2011; Lee & Buxton, 2011; Lee & So, 2014; Young, 2012). 
However, attitudes about science and science education in general have been 
rather pessimistic, and scientific discussions have addressed the importance 
of engaging students with high-quality teaching (Osbourne, Simon, & Collins, 
2003). Loukomies, Juuti and Lavonen (2016) investigated primary school 
students’ situational interest in primary science lessons, which diminished 
during the lesson. They argue that teachers should take students’ interests and 
evaluations into account in lesson planning. Studies on Finnish science 
education have focused mainly on student learning at the lower secondary 
level (e.g. Linnansaari, Viljaranta, Lavonen, Schneider, & Salmela-aro, 2015) 
and most recently on pre-primary education (e.g. Vartiainen, 2016a, 2016b). 
To the best of my knowledge, longitudinal studies on evaluating inclusive 
classrooms from a student perspective with respect to science education 
and/or with technology use are lacking.  

Researching students with disabilities has proved to be challenging both 
methodologically and in practice (Stalker, 1998), which might explain the 
paucity of such studies. Educational design research (EDR) acknowledges the 
complexity of classroom research, which aims to develop solutions to complex 
educational problems in practice while also developing theoretical 
understanding (McKenney & Reeves, 2019; van den Akker, Gravemeijer, 
McKenney, & Nieveen, 2006). In the light of research and the latest statistics, 
the Finnish education field would benefit from novel studies in the research 
field. This thesis examined efforts to support students’ inclusive science 
learning with the innovative use of smartphones after the Basic Education Act 
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(642/2010) had first been implemented by co-designing practical solutions in 
research-practice collaboration. The EDR project took place in grades 5 and 6 
in a Finnish primary school, where I worked as a special education teacher. 
The overall aim was to develop digitally supported inclusive practices in 
science lessons that especially support LD students’ science learning and 
promote their overall wellbeing and social acceptance among their classmates. 
This thesis comprises four original publications (I–IV) that report on the EDR 
project. 

The thesis begins by presenting the theoretical framework of the study, 
defining inclusive education and inclusive practices at the grassroots level both 
globally and in Finland (Chapter 2). Then, digitally supported inclusive 
practices in science learning are illustrated based on research findings from 
fields of special education, science education and technology education 
(Chapter 3). Subsequently, the aim of the study and research questions are 
defined (Chapter 4), and the research design is described (Chapter 5). Finally, 
the main findings of the study are presented (Chapter 6), and the thesis 
concludes with a discussion (Chapter 7). 
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‘Our vision is to transform lives through education, recognizing the 
important role of education as a main driver of development and in 
achieving the other proposed SDGs [Sustainable Development Goals]. 
We commit with a sense of urgency to a single, renewed education 
agenda that is holistic, ambitious and aspirational, leaving no one 
behind. This new vision is fully captured by the proposed SDG 4 
'Ensure inclusive and equitable quality education and 
promote lifelong learning opportunities for all' and its 
corresponding targets. … We are also committed to strengthening 
science, technology and innovation. Information and communication 
technologies (ICTs) must be harnessed to strengthen education 
systems, knowledge dissemination, information access, quality and 
effective learning, and more effective service provision.’  

United Nations Educational, Scientific, and Cultural Organization [UNESCO], 
Education 2030: Incheon Declaration (2016, pp. 7–8) 

Inclusion and inclusive education have been the central aims of educational 
policies globally since the Salamanca Statement (United Nations Educational, 
Scientific, and Cultural Organization [UNESCO], 1994). Even today, the policy 
documents continue to espouse that objective (e.g. Education 2030; UNESCO, 
2016). These global educational agendas aim to ensure inclusive and equitable 
quality education and promote lifelong learning opportunities for all students 
regardless of gender, ethnic background, abilities or disabilities. Since the 
Salamanca Statement (UNESCO, 1994), researchers have noted that the 
change in special and general education towards inclusive education has called 
for significant reform of national educational policies (Dovigo, 2017; Felder, 
2018). The research field has identified various examples of renewed national 
educational policies and their effects, all of which agree that inclusive 
education is a complex phenomenon covering a wide range of areas (Barton & 
Armstrong, 2007; Dovigo, 2017; Pesonen et al., 2015). According to Barton 
and Armstrong (2007), there is global consensus about the value of inclusive 
education in general, but it takes forms rooted in very different social and 
historical processes and conditions depending on the country and its culture. 
Also, the term inclusion is used by other global organisations from a range of 
different perspectives. To meet the challenges of rapidly changing digital 
societies, the Organisation for Economic Co-operation and Development 
(OECD) uses the term digital inclusion. Digital inclusion aims to foster 
students’ equal access to digital technology and the possibility to learn digital 
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skills at school; it also aims to diminish inequalities with respect to digital tools 
due to socioeconomic status (Burns & Gottschalk, 2019). Undoubtedly, the 
concept of inclusion is understood differently in different educational 
contexts. In this thesis, I use the term inclusive education to describe 
educational equity ensured by national educational policies with equal 
opportunities to succeed in school, but also with possibilities to use digital 
technology in learning. By the term digital technology, I mean a wide variety 
of digital devices, such as computers and mobile devices (smartphones and 
tablet devices), software-based applications, Internet sites, social networking 
spaces and virtual learning environments (Abbot, 2007).  

Framing inclusive education in different cultures and contexts has had its 
challenges, but common general structures can be found. Booth and Ainscow 
(2002) have introduced a research-based index of inclusion, which connects 
inclusion with regional and local policies and practices (Figure 1). The base of 
the framework is the first dimension, creating inclusive cultures, and it focuses 
on building an inclusive community that establishes inclusive values. The 
second dimension, producing inclusive policies, ensures the development of 
‘the school for all’ by providing strategies and organising support for diversity. 
Finally, the third dimension, evolving inclusive practices, aims to develop 
school practices that reflect inclusive cultures and policies (Ainscow, 2007; 
Booth & Ainscow, 2002). 

In Finland, the context of this thesis, the national educational policies of the 
Basic Education Act (16 a § and 17 §, 30.12.2013/1288) and the National 
Curriculum (Finnish National Agency of Education, 2016) provide the 
framework for inclusion and thereby obligate every local authority and school 
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to support student learning and school attendance (Graham & Jahnukainen, 
2011). Basic education is free of charge for everyone, and it is the same for all 
students regardless of family income, ethnic background, gender, abilities or 
disabilities (Finnish National Agency of Education, 2016). Local authorities 
need to provide the digital technology used in learning. Figure 2 illustrates the 
ethos of Finnish educational policies, culture and principles (Lakkala, 
Uusiautti, & Määttä, 2016). 

The Finnish framework aims to connect equality with high-quality learning 
that promotes students’ wellbeing. It guarantees successful learning for all in 
inclusive classrooms through shared strategies, structures and operating 
procedures in every school (Halinen & Järvinen, 2008). It favours 
neighbouring schools when discussing student’s placement and encourages 
teacher collaboration (Lakkala et al., 2016). The Finnish framework provides 
support for all students at three levels: general support, enhanced support and 
special support (Björn, Aro, Koponen, Fuchs, & Fuchs, 2016; Finnish National 
Agency of Education, 2016). The level of support is dependent, for example, 
on the difficulties faced by students, in learning, behavioural and emotional 
challenges and school attendance as well as the subject-specific needs of each 
student. This thesis considers particularly LDs. 

In Finnish education practices, general support applies to all student 
needs. Halinen and Järvinen define general support measures as follows:  

‘Teachers differentiate their instruction in response to student needs; 

They cooperate closely with parents or guardians; 

Guidance and counselling are available for all students; 
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All students can receive services to support their physical health and 
wellbeing;  

Students temporarily lagging behind in their studies can receive 
remedial teaching.’ 

Halinen & Järvinen (2008, p. 90) 

Differentiated instruction, or in short differentiation, is generally understood 
as good education, where all students can progress within the same curriculum 
(e.g. Graham, Berman, & Bellert, 2015; Tomlinson et al., 2003; Westwood, 
2016). According to the Finnish National Curriculum, all teaching is based on 
differentiation and pre-empting the need for support. 
Differentiation ‘concerns the extent and depth of learning, the rhythm and 
progress of the work and the students’ different ways of learning. 
Differentiation is based on the students’ needs for and possibilities of 
planning their own studies, selecting different working methods and 
progressing at an individual pace’ (Finnish National Agency of Education, 
2016, p. 32). Pedagogically planned differentiation enables students to achieve 
learning objectives, but it also provides more challenging content for more 
capable learners (e.g. Laine & Tirri, 2016; Tomlinson et al., 2003; Westwood, 
2016). Students can occasionally receive remedial teaching from their own 
class teacher or subject teachers when they need specific support, or else 
occasional part-time special education is provided by a special education 
teacher at a general support level (Halinen & Järvinen, 2008).  

Enhanced support is more robust and systematic, and it is provided based 
on a pedagogical assessment drawn up as a multi-professional collaborative 
effort with student welfare professionals. The described support practices in 
general support become more systematic and part-time special education is 
usually constant. Savolainen (2009) underlines that a student need not be 
diagnosed with a problem or disability to be eligible for support when 
comparing the Finnish system to other countries. Part-time special education 
support can begin immediately when difficulties arise in learning, and its 
duration and intensity can vary according to students’ individual needs 
(Savolainen, 2009). If the enhanced support proves to be insufficient, special 
support is provided based on pedagogical assessment, and if necessary, a 
statement by a specialist. The special support is based on an individualised 
educational plan that provides a detailed description of the type of teaching 
and learning needed. The place at which special support is provided for a 
student can be in either a general education group or special education group 
(Finnish Ministry of Education and Culture, 2019). In Finnish education 
practices, enhanced or special support are provided for all students with an LD 
in an academic area without at the same time applying disability or diagnostic 
labels (Itkonen & Jahnukainen, 2010). However, Ikonen and Jahnukainen 
(2010, p. 189) note that ‘disability labels are applied for students with 
physical, visual or hearing impairments and students with a slightly or 
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severely delayed development’. In practice, the LDs often appear as problems 
with language (reading, spelling, writing, speaking, listening), mathematics, 
attention and action control, perception and fine or gross motor skills. In 
general, these difficulties may negatively affect students’ self-esteem and 
wellbeing (Niilo Mäki Institute, 2020). Björn, Aro, Koponen, Fuchs and Fuchs 
(2016) describe the Finnish model as a framework for structuring and 
systemising support services for all students. 

One can say that Finnish basic education is based on the philosophy of 
inclusion in its broadest sense. In the broadest definition, inclusion concerns 
all students and marginalised groups that are in danger of being segregated 
(e.g. Haug, 2017), which is in line with global educational polices (UNESCO, 
1994, 2016). However, the Finnish framework does not have any explicit 
guidelines regarding support or how to implement the framework in practice 
(Björn et al., 2016). According to Honkasilta et al. (2019), there are differences 
between municipalities in terms of how they implement inclusive education 
and how much support they provide for LD students. Moreover, the index of 
inclusion suggested by Lakkala, Uusiautti and Määttä’s (2016) does not 
provide the needed tangible tools for teachers in the field. Thus, there is a great 
need for versatile and pedagogically meaningful examples of how to 
implement inclusive education at a grassroots level. 

Developing education that addresses the learning needs of all students and 
contemporary society has proven to be challenging for teachers throughout the 
world. Living in a future-oriented society requires knowledge and 
competences that contemporary education needs to address at the global level. 
Embrace students’ differences as well as engaging them to learn, collaborate 
and become citizens that are both personally and socially responsible should 
be pursued at schools, especially when working and living with different kinds 
of people (see, e.g. Binkley et al., 2012). Not only is the scope of required 
changes confusing for many teachers, but so too is the range of new 
terminology. For example, different phrases are used for inclusive practices. 
Examples of such phrases are effective teaching and practices (Sakarneh & 
Nair, 2014), inclusive practices (Finkelstein, Sharma, & Furlonger, 2019), 
inclusive teaching principles (Norwich & Lewis, 2001) and inclusive pedagogy 
(Florian & Black-Hawkins, 2011). Also, the term personalised learning is used 
in the same context to refer to a process in which students are exposed to high-
quality teaching and learning and their abilities and working and learning 
skills are further developed by offering a variety of learning strategies and 
possibilities to use digital technologies (Järvelä, 2006; Miliband, 2006; OECD, 
2006). Further, Graham, Berman and Bellert (2015, p. 2) approach effective 
teaching in contemporary classrooms through the concept of sustainable 
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learning, according to which inclusive practices provide teaching that matters 
and lifelong learning for all. In sustainable learning, ‘teaching is responsible, 
relevant and intentional and focuses on the key capabilities of human 
performance’. The key capabilities include active learning, thinking, relating 
to others, using language, symbols and information and communication 
technology (ICT), and managing oneself. It notices the importance of building 
a relationship with all people in the classroom from both teachers’ and 
students’ perspectives. Teachers have an important task to establish such a 
classroom climate that supports appropriate social interactions and 
relationships. By supporting students in the social and emotional aspects of 
learning social competence, their self-esteem with respect to learning as well 
as their self-efficacy and confidence as learners can be developed further 
(Graham, Berman, & Bellert, 2015). In this thesis, the expression personal 
learning is used when describing digitally supported inclusive practices from 
a student’s perspective, and inclusive practices when describing teaching 
approaches and both personal and collaborative strategies in the classroom. 
The expression collaboration is used when teachers and/or students are 
working with each other using shared knowledge to achieve a shared goal. 

Haug (2017) has attempted to identify the main challenges in developing 
inclusive education. He found a gap between ideals and realities, especially 
considering the profound change in school structure with respect to the 
objective of creating an ‘index of inclusion’. Haug argues that there is a need 
to develop further inclusive teaching and pedagogical practices, which, 
according to him, have a lower priority in inclusive education research. 
However, through various literature reviews and classroom observations, it is 
possible to identify effective practices that aim to support all learners, not just 
those who need it the most (Florian, 2014; Graham, Berman, & Bellert, 2015; 
Sakarneh & Nair, 2014).  

Sakarneh and Nair (2014) identified the characteristics of effective schools 
and teachers in their international literature review. According to them, 
effective practices on a schoolwide level include qualified leadership that 
supports school personnel, a learning environment that praises diversity, high 
expectations, positive reinforcement, monitoring each student’s progress and 
parent-school collaboration. From the teacher’s perspective, effective 
inclusive practices can be realised when the teacher is using time in the lessons 
efficiently by activating and engaging various learners in learning tasks and 
maximising their learning time. A teacher should promote interactive and 
good relationships with the students, and he/she should provide positive 
feedback with an optimistic attitude that all students can progress and develop 
their abilities. In terms of effective practices, a teacher should also challenge 
students’ abilities with good quality tasks and varying learning and teaching 
strategies in lessons and provide support for all students with and without 
disabilities. A similar pedagogical approach, but one with more overlapping 
features compared to Booth and Ainscow’s (2002) index of inclusion, is the 
inclusive pedagogical approach in action (IPAA) framework (Florian, 2014; 
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Spratt & Florian, 2014), which is a tool used to capture evidence of inclusion 
in classroom settings (Figure 3). The framework relies on three main 
assumptions for an inclusive pedagogy. With the first assumption, differences 
are accounted for as an essential aspect of human development in any 
conceptualisation of learning; the students’ differences are accepted and every 
student’s potential and ability to progress is recognised. The second 
assumption focuses both on teachers’ professional beliefs that they are capable 
and qualified to teach all students and on students’ particular difficulties, 
which are considered dilemmas for teaching. With respect to the third 
assumption, teachers are committed to continuing their professional 
development, continuously developing creative new ways of working with 
other adults and professionals, and modelling and testing new ways to develop 
inclusive practices (Florian, 2014; Spratt & Florian, 2014). 

Multiple studies support Florian’s assumptions. The first assumption is 
realised in studies that describe successful inclusion, wherein differences are 
accepted and school personnel have a positive attitude towards inclusion 
(Bešić, Paleczek, Krammer, & Gasteiger-Klicpera, 2017; Graham, Berman, & 
Bellert, 2015; Lakkala et al., 2016; Sakarneh & Nair, 2014). Bešić, Paleczek, 
Krammer and Gasteiger-Klicpera (2017) argue that school personnel’s positive 
attitude towards inclusive education is critical when building a successful 
policy of inclusion. The inclusive culture at a school is grounded in the attitude 
of the entire school’s personnel, from school management to teachers to 
classroom assistants, and they all need to support one another so that every 
member of the personnel feels confident to teach different learners (Sakarneh 
& Nair, 2014). A positive school culture strengthens teachers’ professional 
beliefs, which frame the second assumption. According to Florian (2010), 
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teaching strategies and interventions developed for specific learning 
disabilities are often adaptable and beneficial to all learners.  

Haug (2017) notes that teachers have competences to modify their 
teaching, but he has found that there is also a need to develop further the 
approaches to teaching in inclusive schools, which is the idea behind the third 
assumption. In many schools, teachers have committed themselves to 
developing their teaching. Especially co-teaching, meaningful collaboration 
between general and special education teachers, and collaborative multi-
professional teams have been strongly developed areas of focus in recent years 
(Bešić et al., 2017; Dovigo & Gasparini, 2017). For example, flexible 
arrangements in classroom composition and meaningful collaboration 
between general and special education teachers have been considered keys to 
success (Bešić et al., 2017; Finkelstein et al., 2019; Rytivaara, 2012b; Takala & 
Uusitalo-Malmivaara, 2012). However, in the most recent review of inclusive 
practices, Finkelstein, Sharma and Furlonger (2019) raise an essential issue 
concerning inclusive practices, one which is often ignored or neglected: the use 
of digital technology in inclusive classes. The following inclusive strategies are 
discussed further in the next section through the lens of previous research, 
especially in Finland: teacher collaboration, collaboration and differentiation 
in inclusive classrooms and the use of technology. 

In general, Finnish teachers support the inclusion of and differences among 
students. They believe that it is possible to support LD students effectively in 
mainstream classrooms. However, inclusion and inclusive practices occur 
differently in discussions and in practice and also arouse diverse feelings 
among teachers. Takala and Uusitalo-Malmivaara (2012) identified positive 
attitudes to co-teaching, but found that only a few teachers co-taught in 
practice. Paju, Kajamaa, Pirttimaa and Kontu (2018) identified critical 
emotional conflicts among educational personnel regarding teaching in 
inclusive classrooms. Teachers and classroom assistants reported 
experiencing feelings of uncertainty, anxiety and frustration concerning 
teaching activities, the handling of social relations and their professional 
abilities. Similarly, Allan (2008) identified areas of failure when teachers are 
implementing inclusive education: confusion, frustration, guilt and 
exhaustion. Teachers were positive and engaged, though, when they were 
active developers of inclusive practices and received support from leadership 
and management and the wider community (Tarr, Tsokova, & Takkunen, 
2012). Tarr, Tsokova and Takkunen found that teachers and classroom 
assistants who were widely supported had a high level of personal motivation, 
which drove them to further develop inclusive education. Graham, Berman 
and Bellert (2015) support this notion. They write that ‘teaching is a shared 
responsibility, and teacher collaboration requires a shared vision, clarity of 
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intention and mutual trust built on appropriate structural supports’ 
(Graham, Berman, & Bellert, 2015, p. 61). They also note that teacher 
collaboration is often linked to school improvement and professional 
development. Adapting educational technology for classrooms and teaching is 
one example of such. 

Teacher collaboration and co-teaching models are predominant in Finnish 
studies that have focused on developing inclusive practices. Rytivaara’s 
(2012b) ethnographical study illustrates a co-teaching process wherein two 
teachers develop inclusive practices in a co-taught class and, at the same time, 
build a shared professional identity and share knowledge with each other. The 
most critical influence of collaboration on classroom management was the 
emotional support of another adult (Rytivaara, 2012a). Lakkala (2008) 
illustrates a similar process in her thesis in which teaching for inclusion was 
developed in a teacher education context, concluding with a model of inclusive 
teacher professionalism. 

Differentiation addresses the need of all students in a classroom, both 
struggling and exceling students, who can progress within the same 
curriculum, but along alternative pathways (Graham, Berman, & Bellert, 2015; 
Westwood, 2016). Differentiation is a primary inclusive strategy that modifies 
teaching and learning routines in the classroom to address students’ diverse 
learning needs, interests and modes of learning (Graham, Berman, & Bellert, 
2015; Tomlinson et al., 2003). A systematic type of differentiation in which 
teaching methods and learning activities are proactively modified engages 
students to learn (Tomlinson et al., 2003). Further, Tobin and Tippett (2014) 
found in their study that approaching planning from the perspective of 
differentiation shifted teachers’ primary focus from the goals of the curriculum 
goals to those of individual learners. Graham et al. (2015) note that solid 
classroom organisation should precede differentiated instruction. The 
students should already be quite familiar with how to, for example, seek 
assistance if needed, and collaborate with others and take responsibity for 
group tasks. According to Tomlinson et al. (2003), peer support is beneficial 
to LD students, especially in collaborative situations. Collaboration is often 
productive in groups when students with diverse abilities work together, and 
this may provide encouraging examples for LD students (Tomlinson et al., 
2003). 

However, researchers have also found that organising collaborative 
activities may be challenging for teachers (Jenkins, Antil, Wayne, & Vadasy, 
2003). In collaborative activities, group work and social skills are imperative 
for students. Working in heterogeneous groups alongside students with 
diverse abilities and skills is challenging for both general education students 
and LD students. According to Cohen (1994), the teacher’s role in supporting 
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communication and social interaction among students in such groups is 
essential and helps encourage LD students and those with low social status to 
actively participate. When preparing a collaborative learning task in an 
inclusive classroom, a teacher must provide pedagogic support for grouping 
and learning tasks (Brigham, Scruggs, & Mastropieri, 2011; Jenkins et al., 
2003; Tomlinson et al., 2003). The focus in grouping is on carefully designed 
groups and interconnected group roles (Jenkins et al., 2003; Webb, Nemer, 
Chizhik, & Sugrue, 1998). According to previous studies, grouping students by 
selecting partners from the perspective of an LD student is a primary 
modification in collaborative activities (Jenkins et al., 2003). It means that the 
partners have competences to support the learning of less competent students, 
but the students’ abilities must not be too dissimilar (Esmonde, 2009). 
Consideration should also be shown for students’ abilities and social status 
when selecting suitable partners (Cohen, 1994; Esmonde, 2009; Jenkins et al. 
2003). Johnson and Johnson (2013) illustrate that students’ abilities and 
especially each student’s strengths provide a foundation for roles in a group. 
The complementary and interconnected group roles ensure a productive 
learning situation for all students in a group (Johnson & Johnson, 2013). At 
the beginning of a collaborative task, a group role can help LD students to 
position themselves in relation to others in a group, but it also could be 
fostered by a proactive leader and other members who facilitate group 
discourse (Stamovlasis, Dimos, & Tsaparlis, 2006; Sullivan & Wilson, 2015). 
During the collaborative learning process, the teacher’s role is to facilitate 
learning by encouraging independent work as much as possible throughout 
the process, but to also offer more intensive support if required (Gómez 
Puente, van Eijck, & Jochems, 2013). In collaborative maker projects that 
focus on developing collaboration skills, the teacher should give students the 
necessary space to work independently without disrupting them too much 
during the lesson (Cohen, 1994). However, teacher-given modelling and 
regular feedback throughout the process are beneficial to all students (van de 
Pol, Volman, Oort, & Beishuizen, 2014). 

According to Tomlinson (1999), the teacher can systematically differentiate 
content, process and product in a classroom. Content is what the teacher wants 
students to learn and the materials or mechanisms through which this is 
accomplished. It may include curriculum-related knowledge or specific 
competences, and, for example, digital technology could be seen as a 
mechanism for differentiation (Deunk, Jacobse, Boer, Doolaard, & Bosker, 
2018; Sakarneh & Nair, 2014). Process describes subject-specific activities 
designed to ensure that students use their key skills independently to make 
sense of elements relating to what they learn. Products are vehicles through 
which students demonstrate what they have learned and to what extent 
(Tomlinson, 1999). According to Adderley et al. (2015), who researched 
student experiences in an inclusive group, taking students’ thoughts, interests, 
feelings and opinions as well as the authenticity of the learning tasks into 
account engages students to study. However, the differentiation and especially 
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the content and product related to a learning task depend on the subject-
specific objectives, a topic which is discussed further in the next chapter 
(Chapter 3). 

However, differentiation has proved to be challenging not only because of 
the increasingly diverse nature of classes, but also because of the complexity 
of organising and implementing it (Graham, Berman, & Bellert, 2015; 
Westwood, 2016). According to Westwood (2016), differentiation operates in 
the classroom at macro and micro levels. Macro-level differentiation occurs in 
the pre-planning stage of teaching, when curriculum content is tailored to 
different groups of students according to their ability, aptitude, readiness and 
rate of learning. It can take precedence when, for example, preparing learning 
material for different ablity groups or grouping students according to their 
within-class or between-class skill levels. In within-class ability groupings, the 
teacher introduces the topic to the class and then groups students for follow-
up activities according to their skill level. For example, more capable groups 
are able to work independently with higher order tasks. They usually require 
less direct teacher supervision, and the teacher can focus on several groups 
that need support for similar high-order tasks. (Westwood, 2016). In between-
class ability groupings, students with similar abilities learn together 
temporarily, for example in specific subjects (Deunk et al., 2018). According 
to Deunk et al. (2018, p. 42),‘grouping can create a context for differentiated 
instruction, but that it should be ensured that this differentiated instruction 
is indeed offered’. They conclude in their meta-anlysis that computerised 
systems should be embedded in macro differentiation tasks. Macro-level 
differentiation often requires time for careful planning of the content and 
selection of teaching resources, and also teacher collaboration, which may lead 
to little implementation in practice (Westwood, 2016). Micro-level 
differentiation, on the other hand, occurs during the lesson. Graham et al. 
(2015) refer to it as on-the-spot differentiation, which is a more commonly 
used operation because it does no require prior planning like macro-level 
differentiation does. Micro-level differentiation relies on a teacher’s 
professional ability to make necessary modifications during the flow of the 
lesson (Westwood, 2018).  

Saloviita (2018b) identified the three most common inclusive strategies 
used by Finnish teachers: co-teaching, differentiation and peer-assisted 
learning strategies, such as peer tutoring and collaborative group work. A large 
majority of teachers employed differentiated learning on a weekly basis, and 
less than half of the teachers reported using collaborative group work. 
However, the results did not discuss the differentiation operations used by the 
teachers or to what extent they used them. Saloviita’s survey focused on LD 
students, but differentiation also concerns students that face additional 
challenges in their learning. Laine and Tirri (2016) examined how Finnish 
teachers employ differentiation approaches with gifted students. Almost all 
respondents reported that they differentiate with respect to gifted student 
learning. The differentiation methods varied from more challenging 
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assignments and independent projects to using a gifted student as an assistant 
helping and instructing other students. 

The use of technology in inclusive education can take many forms (Blackhurst, 
2005; Gersten & Edyburn, 2007). Small portable devices and mobility enable 
students to learn across space, take ideas and learning resources gained in one 
location and apply or develop them in another (Sharples, Taylor, & Vavoula, 
2005). Blackhurst (2005) argues that any technology that is necessary to aid a 
student in meeting curricular goals is valuable. Instructional technology 
delivers multimedia instructions, assistive technologies provides access and 
enhance function, and information technology offers access to the information 
and resources needed for learning (Blackhurst, 2005). Cheng and Lai (2019) 
found in their literature review of journal articles (published from 2008 to 
2017) that the number of studies examining computer-assisted tools in special 
education settings had increased since 2013. This can be seen in previous 
studies from the field of educational technology, which reveal that digital 
technology can have a beneficial impact, especially on LD students. It can 
improve their self-confidence (Campigotto, McEwen, & Demmans Epp, 2013) 
and self-esteem (Adam & Tatnall, 2010), promote self-advocacy (Drigas & 
Ioannidou, 2013), assist in their gaining academic, social or functional skills 
(Bouck, 2010), and give LD students equal learning opportunities (Drigas & 
Ioannidou, 2013). In addition to the benefits of digital technology in learning 
situations, digital skills are applicable in everyday life (Adam & Tatnall, 2010; 
Drigas & Ioannidou, 2013). For example, language-related LDs can be 
supported by digital technology in various ways. Writing with a technological 
tool can circumvent both language-related difficulties as well as difficulties in 
fine motor skills (Freeman, MacKinnon, & Miller, 2004; MacArthur, 2009). 
Text-to-speech readers assist students with reading difficulties (White & 
Robertson, 2015), and language-building applications improve language skills 
(Draper Rodríguez, & Cumming, 2017). Digital technology also makes 
alternative ways to learn, retain and apply learning easily available. For 
example, students’ thinking can be fostered through drawings, animations, 
information searching and video observations (Campigotto, McEwen & 
Demmans Epp, 2013; Fasting & Halaas Lyster, 2005; Geer & Sweeney, 2012; 
Looi et al., 2011). These multimodal approaches can be used when giving 
instructions, for providing learning materials, for note-making and when 
processing what has been learned, all of which can be beneficial to LD students 
(Brigham et al., 2011; McGinnis & Kahn, 2014; Tomlinson, 2000). The benefits 
are achieved if students are interested in the digital tool (Bouck, 2010) or they 
use their device (Milrad & Jackson, 2008). Overall, digital technology is a tool 
for learning that promotes success in school by helping students access their 
materials in e-learning environments and, thereby, learn (Bouck, 2010; 
Motiwalla, 2007).  
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Successful digital technology integration that benefits mainstream 
students is applicable also with LD students when their learning needs are 
taken into consideration (Drigas & Ioannidou, 2013). In fact, the use of similar 
digital technologies with all students has beneficial impacts on the education 
of LD students (Adam & Tatnall, 2010; Nepo, 2017). Nepo (2017, p. 215) 
underlines that ‘for individuals with disabilities, these devices are not 
stigmatizing as other traditional assistive devices have been since other 
students without disability would use devices for similar or other purposes’. 
Thereby, devices such as smartphones, which are commonly used by all 
students, have great potential in inclusive classes. For example, many 
smartphones include accessibility options, such as text-to-speech, 
magnification or auditory output options, which are easy to use (Nepo, 2017). 
Also, the ability to personalise devices with a variety of learning-supportive 
software applications is useful for teachers with respect to differentiated 
learning (e.g. Campigotto, McEwen, & Demmans Epp, 2013; Draper 
Rodríguez, & Cumming, 2017; White & Robertson, 2015). Thus, Cheng and Lai 
(2019) found that the application trends of computer-assisted tools in special 
education have changed in the past decade from traditional desktop 
computers to mobile devices. Cumming and Draper Rodríguez (2017) 
explored in their meta-analysis the ways in which teachers used mobile devices 
and their associated apps with individuals with disabilities. Their findings 
suggest that the type of technology does not affect the effectiveness of the 
technology use; both tablet devices and smartphones had similar benefits. 
Based on the analysis, the use of mobile devices increased academic skills as 
well as daily living and life skills. There were also indications of other benefits, 
but they argue that a solid evidence base should be established on how it 
supports, for example, communication (Cumming and Draper Rodríguez, 
2017).  

In order to tap the full potential of digital technologies, teachers need to 
make sure that students receive proper instructions. This requires 
understanding the characteristics of the device as it relates to LD students; for 
example, when working with mobile technology, the advantages and 
disadvantages of the device should be understood in relation to literacy skills 
(e.g. Coe & Oakhil, 2011; Plester, Lerkkanen, Linjama, Rasku-Puttonen, & 
Littleton, 2011). However, without a carefully planned structure, the 
information and interaction overload might become chaotic to LD students 
(Motiwalla, 2007). To implement the use of digital technologies in learning, 
the teacher should feel comfortable with modern tools. Otherwise, the teacher 
might hold back students’ technology use (Geer & Sweeney, 2011). Also, 
without training and using devices daily, LD students will not learn how to use 
the technology to its full potential because it takes time for LD students to 
become familiar with new approaches (Bouck, 2010). It is essential for 
teachers to know what the students are doing with the devices and to remind 
them to focus on the learning task at hand, if needed (Falloon, 2013; Looi et 
al., 2011). Digitally supported strategies, software or applications on 
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smartphones can help students to learn how to complete a task or circumvent 
an area of difficulty (Young, 2012). 

As described above, some areas of inclusive practices are well-established 
in Finnish special educational research, especially from the angle of LD 
students’ learning arrangements and placement or teacher collaboration, but 
there is still a need for additional studies. For example, research on technology 
use in inclusive classes are in the minority. Likewise, Schleicher (2018, p. 17) 
notes that in the past, technology was ‘often limited to support existing 
practices’. He continues: ‘Now schools need to use the potential of 
technologies to liberate learning from past conventions and connect learners 
in new and powerful ways, with sources of knowledge, with innovative 
applications and with one another’ (Schleicher, 2018, p. 17). Previous studies 
have shown that digital technologies can offer support for different learners. 
Also, reports that describe how students have adopted inclusive practices in 
practical terms, for example for personal learning strategies, are lacking.  
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Effective science practices rely on research outcomes in the learning sciences, 
and as an interdisciplinary field, it aims to offer students opportunities to gain 
deeper conceptual understanding by using methods wherein they actively 
participate and collaborate with others in their own learning (Saywer, 2014). 
Nathan and Saywer (2014, pp. 31–32) note that ‘learning is more effective 
when learners are actively engaged in the construction of meaning and 
knowledge’ and ‘are encouraged to ground new experiences and concepts in 
perceptual and motor experiences, language and prior knowledge’. The 
active construction of meaning is exceedingly important, especially in highly 
heterogeneous inclusive classes, for making sense of abstract concepts. In the 
subject of science, active construction is connected to authentic practices of 
scientific inquiry similar to those used by professionals working in a certain 
discipline (Nathan & Saywer, 2014). According to Saywer (2014), authentic 
practices in science include engaging in the process of inquiry, using 
representations for communication purposes during collaborative endeavours 
and working with concrete visual models, which could be accomplished by, for 
example, participating in project-based collaboration (e.g. Blumenfeld et al., 
1991; Krajcik & Shin, 2015). He clarifies that in educational settings, students 
also need to learn the underlying models, mechanisms and practices and how 
to use a wide array of technologically advantaged tools that can be applied 
across many scientific disciplines. The place of learning sciences is noticeable 
in the Finnish science education curriculum, which is discussed further in the 
next section, followed by sections that summarise previous studies on science 
learning and LDs and maker-centred project-based learning (PBL) as an 
inclusive science practice. 

In Finnish primary education, students study science as part of an integrated 
subject called environmental studies, which comprises the fields of biology, 
geography, physics, chemistry and health education (Finnish National Agency 
of Education, 2016). The science education curriculum emphasises students’ 
active participation and interaction as well as learning by doing and exploring 
phenomena in authentic situations and environments. The curriculum 
suggests implementing differentiation through inquiry-based working 
methods and exercises that could be completed at various levels of thinking 
skills. Also, the curriculum highlights collaborative methods that draw on 
students’ strengths as well as build knowledge in e-learning environments. 
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Finnish science education practices are in line with globally acknowledged and 
research-supported effective science learning practices (e.g. Bell, 2002; 
Sakarneh & Nair, 2014; Saywer, 2014). However, there are relatively few 
research reports on science learning practices at the primary level in the 
Finnish science education field related to the subject of this thesis. 
Investigations from the pre-primary level illustrate the importance of science 
processing skills, which are needed when students investigate different 
phenomena. For example, observation, reasoning, asking questions, 
controlling variables and drawing conclusions are all such skills (Vartiainen, 
2016b). According to Vartiainen (2016b), science content should be connected 
to a child’s previous and future worlds and experienced through play, which is 
an age-appropriate way to learn at the pre-primary level. Vartiainen and 
Kumpulainen (2019) argue that science should be embedded in children’s 
everyday lives, and it should not be considered as an isolated subject. They 
propose that young children could benefit from multimodal pedagogical 
approaches in science where they can link the topic of science-related 
conversations to their previous experiences, formulate scientific questions and 
hypotheses, take measurements and make observations, inferences and 
predictions, as well as elaborate on the scientific activity and apply it across 
different situations and contexts. 

Similar to pre-primary science, and with respect to LD students at the primary 
level, effective science learning should emphasise inquiry-based and 
investigative methods, connecting learning to a student’s environment, 
favouring concrete experiences and physical interaction with the scientific 
phenomena, and constructing the meanings of concepts (Bell, 2002; McGinnis 
& Kahn 2014). Norwich and Lewis (2001) acknowledge that students with LDs 
generally require more practice and well-designed learning tasks than other 
students, but the emphasis should be on teaching approaches, meaning that 
the chosen classroom activities should be adaptable to different learners. In 
science education, understanding relational and abstract concepts might be 
overwhelming for some students, as the subject has its own terminology. 
Specialised terminology is especially challenging for students with language-
related LDs, who might have difficulties finding the right word, learning 
specialist vocabulary or using it in the right context (Wellington & Wellington, 
2002). If the language used in the classroom is unfamiliar to the student, there 
is going to be difficulties processing the used language, following instructions 
and retaining and applying previous learning (Bell, 1998). When providing 
differentiation in science education and especially when seeking to overcome 
student difficulties, several strategies have consistently been found to improve 
the learning of all students, not only those with LDs (Cowie, Jones, & Otrel-
Cass, 2011). Modifying the curriculum in science is similar to designing and 
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implementing curricular and instructional adaptations in other content areas 
(McGinnis & Kahn, 2014). Different students experience the same lesson 
differently, and the same lesson might produce different outcomes, such as 
texts with images and writings that demonstrate different understandings of 
the science learning (Kress, Jewitt, Ogborn & Tsatsarelis, 2001). For example, 
Tobin and Tippett’s (2014) study on differentiated instruction in science, in 
which they emphasise multimodal possibilities, offers promising insights 
about students demonstrating their understanding of science concepts in a 
variety of ways.  

Previous research has shown that hands-on methods and activity and 
inquiry-oriented approaches support content learning in inclusive classes 
(Bell, 2002; Lee & Buxton, 2011; Lee & Fradd, 1996; Lee & So, 2014; McGinnis 
& Kahn, 2014). LD students feel that activities facilitate and engage them in 
learning (Scruggs, Mastropieri, Bakken, & Brigham, 1993). However, 
excessively challenging inquiry tasks and the amount of text in learning 
materials might cause behavioural problems (Bell, 1998; O’Leary, 2011). 
Multimodality in science instruction is especially critical when helping LD 
students gain familiarity with the content material (McGinnis & Kahn, 2014). 
Digital technology can support LD students in areas of inquiry tasks and 
learning materials. Inquiry tasks can be presented using a clear structure and 
multi-media, such as tutorial videos or digital picture-supported inquiry 
guides. Smartphones enable students to reflect on their learning process 
(Song, Wong, & Looi, 2012), since they have user-friendly tools to capture 
learning moments auditorily, textually and visually for future reflection (Looi 
et al., 2011). In activity- and inquiry-oriented learning, especially small 
portable smartphones can support LD students’ science learning by providing 
simplified learning materials, research functionality and the use of working 
visual demonstrations (Bell, 2002; Fasting & Halaas Lyster, 2005; Lee & So, 
2014; O’Leary, 2011). Also, digitally supported, multimodal ways to 
communicate can increase LD students’ communication and social interaction 
in learning practices (Geer & Sweeney, 2012). For example, working in virtual 
environments can be beneficial for LD students in social situations (Bishop, 
2003) when various media enable students to capture learning moments and 
form a lasting, visible impression of the material (Geer & Sweeney, 2012; Looi 
et al., 2011; Song et al., 2012). 

Previous studies in the field of science education indicate that methods where 
students work with real-life challenges and build knowledge collaboratively 
are beneficial for all students’ competence building (Bell, 2002; Lee & So, 
2014; McGinnis & Kahn, 2014). Further, Alper (2013) as well as Martinez and 
Stager (2013) propose that active construction and maker activities engage 
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students to learn. In project-based learning (PBL), students engage in 
scientific and engineering practices when constructing an artefact together 
(Blumenfeld et al., 1991; Krajick & Merritt, 2012), but maker activities also 
help students learn while they make, tinker with or engineer something 
shareable (Martinez & Stager, 2013). PBL emphasises collaborative science 
practices, where students participate actively in investigating questions, 
proposing explanations and arguing in defence of their ideas, while they create 
a set of tangible products and shared artefacts that are publicly accessible to 
external presentations (Krajick & Shin, 2015). LD-supportive PBL processes 
are visible in Martinez and Stager’s definition of the maker processes: 

‘Making is about the active role construction plays in learning. The 
maker has a product in mind when working with tools and materials.  

Tinkering is a mindset – a playful way to approach and solve 
problems through direct experience, experimentation and discovery. 

Engineering extracts principles from direct experience. It builds a 
bridge between intuition and the formal aspects of science being able 
to better explain, measure, and predict the world around us.’  

Martinez & Stager (2013, p. 32) 

Making, tinkering and engineering activities nourish PBL by underlining the 
act of creation and the natural context (Martinez & Stager, 2013). The PBL 
process follows real-life engineering, designing and professional scientific 
activities where content knowledge and competencies are required (e.g. 
Saywer, 2014; Schunn, 2009). In inclusive classes, maker-centred PBL 
projects are convenient because they encapsulate differentiated and LD-
supportive science learning practices. They are thereby adaptable to different 
kinds of learners and they give structure for teachers to differentiate in all 
areas and especially products, an act of creation which could be ‘physical 
models and computer models, reports, videos that document their [students] 
investigation, games, plays, Websites, or computer programs’ (Krajcik & Shin, 
2015). Based on previous investigations engaging students in learning tasks, 
having an opportunity to select the tasks, and, most importantly, the feeling of 
being a full-fledged member of the learning community also increases student 
participation (e.g. Sakarneh & Nair (2014). 
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The entirety of inclusive education is a vast area to cover, ranging from 
inclusive policies and culture to inclusive practices. When grounding the topic 
in studies that frame inclusive education and its realisation in general, the 
research field requires a solid long-term research base consisting of successful 
inclusive practices that help teachers to implement an inclusive education 
curricula and students to learn personal strategies in the field (e.g. Haug, 2017; 
Hienonen et al., 2018). Additionally, more practical examples are needed to 
develop inclusive education, especially in this digital era, where digital 
technology is part of students’ everyday lives with all of its benefits and 
disadvantages (Finkelstein et al., 2019). Globally, there are also a lack of 
studies on development processes that include students. For example, Nilholm 
& Göransson (2017) have expressed the desire to shift attention away from the 
discourse of inclusive education and concentrate on more detailed analysis of 
how different students can be best supported. 

The general purpose of this thesis is to examine how researchers, teachers 
and students co-design inclusive science learning practices together with and 
adapt the designed practices to match students’ personal learning strategies. 
Since developing digitally supported inclusive practices at the grassroots level, 
and especially in a science-based context, have not received much focus in 
educational research to date, the present thesis examines the development 
process, from orientation to implementation, of the chosen digital device, 
namely a smartphone, and finally, evaluates its benefits for individual 
students. The overarching question that guided this thesis was as follows: 

 
How does the co-designed use of digital technology improve inclusive 
practices in a primary school science classroom? 

 
To address the overarching question, I conducted four iterative cycles of EDR. 
In the beginning, I needed to reach a general understanding of the possibilities 
of the benefits of smartphone use in a science classroom. The first research 
question was as follows: 

1. How can digital technology be applied as a means of fostering 
inclusive practices in science learning? 

 
The first question provided insights into the possibilities for using a digital 
device, i.e. a smartphone, that I could develop further within inclusive 
practices in science learning. The second research question focused on LD 
students’ personal learning, collating all co-designed inclusive practices from 
the EDR process. The second research question was the following: 
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2. Which digitally supported, differentiated practices best actualise 
personal strategies for LD students in science learning? 

 
At the end of the EDR process, I developed a collaborative, maker-centred PBL 
project based on the co-designed inclusive practices and students’ personal 
strategies. Teachers’ actions during the project provided insight into how to 
differentiate all students’ learning and support especially LD students’ 
participation during the process. The third research question was as follows: 

3. How can a teacher differentiate student learning and promote 
student participation in a collaborative science project? 

 
Finally, I evaluated the EDR project from the perspective of LD students. I 
approached the fourth research question accordingly: 

4. What are the LD students’ perspectives on the use of digital 
technologies as a means of personal science learning? 

 
In Figure 4, I frame the overall structure of the thesis to enhance 
understanding. The thesis follows the general model for EDR proposed by 
McKenney and Reeves (2019), illustrating the iterative nature of each research 
question and the related publication. The overall structure of Figure 4 is 
adapted from the thesis first proposed by Binkhorst (2017), which depicts the 
main focus of the four research questions, the theoretical background, related 
EDR cycles and the data collection process. The development of theoretical 
understanding is uncovered in the middle of the core phases. 
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The first part of this thesis includes the research design and detailed 
descriptions of the participating class, EDR cycles with the studied science 
content and the iterations of the data collection process. The second part 
consists of the four original articles reported in refereed national and 
international books and journals, also illustrating the iterative data analysis 
used for each publication. 
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In this research, inclusive practices are co-designed and examined at the 
grassroots level in an inclusive classroom with general education and LD 
students. Researching LD students has proved to be challenging both 
methodologically and in practice. At the turn of the millennium, discussions 
promoted the most beneficial methodologies when researching people with 
LDs in a sense of inclusion. Zarb (1992) noted that, until then, disabled people 
had only a minor influence on disability research and few possibilities to 
actively take part in research that concerned LD students. There was a 
common understanding that people with LDs should be active participants in 
research projects instead just research subjects, thus research projects in 
which all stakeholders actively participated received strong support (Chappell, 
2000; Gilbert, 2004; Kiernan, 1999; Rodgers, 1999; Stalker, 1998; Walmsley, 
2001; Zarb, 1992). Researchers working in the field of disability studies began 
to employ such terms as participatory or emancipatory or else they have 
introduced new combined terms, such as inclusive research. According to 
Walmsley (2001), inclusive research refers to both participatory or 
emancipatory approaches, where the emphasis is on the partnership between 
researchers and people with LDs. In inclusive research, people with LDs are 
included as more than just research subjects or respondents (Chappell, 2000; 
Walmsley, 2001). According to Gilbert (2004), the researcher plays a central 
role in inclusive research. When reviewing the existing literature, he found 
that in successful research processes, all participants were aware of why and 
how the research was being done and the researcher was personally committed 
to an honest and appreciative relationship. 

Further, Stalker (1998) suggests that LD students should be involved in the 
study both as respondents and as contributors to the study design. She 
continues that students should be involved in research that is concerned with 
issues affecting their lives, which will improve the quality and relevance of the 
research. Allan (2008) argues that it is important to also include students in 
discussions about inclusion and development of inclusive practices. Felder 
(2018) continues that successful inclusive education is a project involving all 
stakeholders, from educational professionals to the students and their 
families, and Dovigo (2017) adds that there is a need to develop dialogue 
between all actors. Providing students with a role to play in their education 
plan also increases their belief in their ability to succeed, complete tasks and 
reach goals (Cook-Sather, 2006; Mitra, 2004; Stefl-Mabry, Radlick, & Doane, 
2010). In the research project described in this thesis, all students, teachers 
and researchers were equal partners in co-designing science learning. My 
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twofold role as a special education teacher and researcher enabled an honest 
and appreciative relationship with the research subjects, but with respect to 
the trustworthiness of the study, the collaboration with other researchers was 
crucial. 

Similar to inclusive research, EDR aims to iteratively develop practical 
solutions to problems encountered in practice (McKenney & Reeves, 2019; van 
den Akker et al., 2006). However, an inclusive education approach alone does 
not provide a solid framework for development studies, which involve complex 
educational problems. In this thesis, co-designing digitally supported inclusive 
practices in science learning is just such an approach. An EDR approach aims 
to develop solutions to practical and complex educational problems iteratively. 
McKenney and Reeves (2019) as well as van den Akker, Gravemeijer, 
McKenney and Nieveen (2006) describe the term EDR as a family of related 
research approaches, such as design-based research, development research, 
design experiments and participatory design research. All of these approaches 
‘strive toward the dual goals of developing theoretical understanding that 
can be of use to others while also designing and implementing interventions 
to address problems in practice’ (McKenney & Reeves, 2019). According to 
van den Akker et al. (2006), EDR may be characterised as interventionist 
(aiming to design an intervention in the real world), iterative (using a cyclical 
approach for design, evaluation and revision), process oriented (focusing on 
understanding and improving interventions), utility oriented (measuring 
improvement / developed for stakeholder use) and theory oriented (based 
upon theoretical propositions that ultimately aim to contribute to theory 
building). Designing educational solutions that aim to change and improve 
excisting systems requires a similar commitment as researching LD students. 
Brown (1992) has pinpointed that it is essential that ‘the classroom functions 
smoothly as a learning environment before we can study anything 
other’, especially if students are designers of their own learning. Further, Bang 
and Vossoughi (2016) highlight the need for efforts at promoting participation 
and engaging practitioners, families, youth or community members in 
collaborative development processes. Zundans-Fraser & Bain (2016) illustrate 
the fact that developing education collaboratively is more time intensive and 
at times challenging, but ultimately it produces more coherent practices with 
transparent design, structure and content for students and teachers alike. 
These general aspects of EDR framed the project presented in this thesis. The 
perspectives of EDR in science education, the use of educational 
technology and a means for designing learning in the classroom were also 
acknowledged. According to Juuti and Lavonen (2006), EDR in science 
education consists of three aspects. First, the iterative process begins to create 
a recognition of the needed changes in the environment of praxis. The need for 
change can emerge from educational policies or research findings. Second, it 
aims to generate a widely usable artefact. The artefact directs participants to 
act more intelligently, incorporating the actions taking place in the classroom 
within it. The teacher designs artefacts as a part of teaching and student 
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learning. Third, EDR in science education provides novel educational 
knowledge. Through designing, producing and testing processes, participants 
reflect on their experiences and acquire new knowledge that enables them to 
act more intelligently (Juuti & Lavonen, 2006). In Reeves’s (2006) model for 
designing the use of educational technology, the starting point is cooperation 
between researchers and practitioners, wherein the real teaching and learning 
problems are identified. An EDR approach begins with an analysis of practical 
problems, continues with developing solutions via existing design principles 
and technological innovations using iterative cycles of testing and refining the 
solutions in practice, and finally concludes with reflection (Reeves, 2006). 
Gravemeijer and Cobb (2006) have used EDR for designing innovative 
learning ecologies. Their EDR experiment had three phases: preparing the 
experiment, experimenting in the classroom and conducting retrospective 
analysis. The design experiment in the classroom may consist of several short-
term microcycles and long-term macrocycles. These cycles intend to engage all 
stakeholders to reflect on an individual student’s activities and ongoing social 
processes in the classroom (Gravemeijer & Cobb, 2006).  

In recent years, several doctoral theses have reported on EDR projects that 
aimed to develop education. In Pernaa’s (2011) project, ICT based chemistry 
education was developed, aiming to support meaningful chemistry learning, 
research-based teaching and the diffusion of ICT innovations. Loukomies 
(2013) focused in her thesis on developing an inquiry-based, site-visit teaching 
sequence called Enhancing Students’ Motivation towards School Science. 
Kangas (2014) applied the pedagogical approach Learning by Collaborative 
Design at the primary level of education in her thesis. The longitudinal project 
aimed to examine how knowledge creation, as exemplified by collaborative 
designing, could be promoted. Vartiainen (2016a) reported in her thesis on a 
project in which they developed a science club environment unbound by time 
and place where pre-primary children con practice their science skills. 
Furthermore, Korhonen (2017) illustrates in her thesis a digital partnership 
between home and school, a co-development project consisting of the 
researcher, teachers, parents and students. 

The EDR project was conducted in a primary school in the capital area of 
Helsinki, Finland. Inclusion was a part of the school’s stated values, and school 
management encouraged teachers to explore all kinds of innovative methods 
and solutions at the classroom level (Korhonen, Lavonen, Kukkonen, 
Sormunen, & Juuti, 2014). Similar collaborative EDR projects were being 
conducted at the same time in the school (Korhonen, 2017; Korhonen & 
Lavonen, 2014; Kukkonen & Lavonen, 2014). On average, one out of every six 
students was an LD student and had been guaranteed special support at 
school. This support was determined in collaboration with a multi-
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professional team, selected according to Finnish education practices (The 
Finnish Basic Education Act, 642/2010). Teachers worked in teams of 1–2 
classroom teachers and one special education teacher to implement inclusive 
education with the support of school management.  

 
The participating class had two primary teachers (one teacher had a Master 

of Education [M.Ed.] degree and specialised in technology education, while 
the other teacher had a Bachelor of Education degree), one classroom assistant 
(vocational qualification), and I was the special education teacher (M.Ed., 
specialised in early childhood, primary and special education). We teachers 
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had already worked together for three years in the same classroom, and we all 
had previous experience (ranging from six to eight years) with team teaching. 
In the classroom, the teachers’ support was available to all students. 
Altogether, 49 students, aged 11–13, participated in this two-year development 
project (2012 to 2014). Ten of the students had identified LDs and the status 
of needing special support. At the beginning of the project, in 2012, there were 
49 students in the class. During the project, five general education students 
moved and changed schools, so that by the end of the project, in spring of 2014, 
there were 44 students left. Also, one of the LD students was left out of the 
study due to several long periods of absence. The students, teachers and 
parents knew each other quite well since they had worked together for 2–4 
years. The students whose learning was reported in publications are presented 
in Table 1 in more detail, with pseudonyms being used so that the students’ 
privacy is not compromised. 

The research conducted for the purposes of this thesis emerged out of our 
collective teacher experience, but also from changes in national educational 
policies and pressure to use digital technologies in teaching and learning. 
Before the research period, we teachers acknowledged that working together 
facilitated our teaching and students’ learning, enabled versatile 
differentiation and promoted the use of technology. Also, we noticed students’ 
abilities to adopt new technologies. Closely collaborating with my supervisors, 
I framed the EDR project such that it also involved students in the design 
process. I used several EDR applications as a methodological framework, as 
depicted in Figure 5. Brown’s (1992) notions of how to conduct classroom 
research and Stalker’s (1998) notions of study an inclusive classroom formed 
the starting point for the EDR project. In the beginning, Juuti and Lavonen’s 
(2006) aspects of design-based research in science education also supported 
the framing of the design artefact: digitally supported inclusive practices in 
science learning. Gravemeijer and Cobb’s (2006) cyclical processes with 
macro- and microcycles gave a general shape to the EDR cycles, and Reeves’s 
(2006) framework of educational technology research informed the contents 
of the microcycles. Based on the described guidelines, the EDR project 
consisted of four macrocycles. The first, second and fourth macrocycles were 
planned research cycles from the beginning of the project, but after the first 
two macrocycles, I decided to also implement the third macrocycle. 
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A detailed description of the EDR project is presented in Table 2. At the 
beginning of the research period, each student was given a smartphone (Nokia 
Lumia 800, Windows operating system) with mobile broadband access for 
internet usage, but without the capability to make phone calls. Both students 
and parents committed themselves to following a collectively constructed 
netiquette (Internet etiquette). Teachers created the e-learning environment 
within a cloud service (Microsoft cloud service), and it was applied to share 
and store all learning materials and the students’ learning outcomes. The 
students actively participated in the research process and in designing their 
learning practices. 

The first macrocycle was realised in fall of 2012. It focused on getting to 
know the device and developing solutions to students’ personal learning with 
smartphones. The first macrocycle consisted of four microcycles. The first two 
microcycles (getting to know the device and developing solutions for personal 
use) focused on becoming familiar with the smartphones before the third 
microcycle (testing solutions in the science project), the first actual science 
project with the topic of water and its properties. The teachers differentiated 
the content, process and products and guided the students to use the 
differentiated materials and tools according to their personal needs. They were 
also taught to focus on using smartphones for learning and to reflect on 
situations where smartphones were beneficial to their science learning. The 
teachers kept track of the students’ smartphone use; each student who used 
the smartphone in a novel way had an opportunity to present and teach 
his/her application to the whole class. The teachers also offered students a 
variety of learning materials that were part of everyday teaching and learning 
practices. Additionally, the teachers encouraged students to use multimodal 
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approaches to note-making during lessons. All three teachers had access to 
students’ files, which were revised and shared in the e-learning environment. 
The teachers reflected on the use and actions throughout the project and 
afterwards.
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The second macrocycle took place in spring 2013. The emphasis was on 
supporting students’ collaborative learning with smartphones in an e-learning 
space. The second macrocycle consisted of four microcycles. In the first 
microcycles (using solutions in practice), students focused on using 
smartphones when learning science. The teachers differentiated the content, 
process and product according to experiences from the first macrocycle. The 
teachers and students also reflected on situations where smartphones were 
beneficial for each student’s personal science learning, refined solutions and 
actions, and developed them further. In the second microcycle (developing 
solutions for collaborative use), students learned to innovatively use the 
smartphone during the project and used it in a collaborative space project 
(testing solutions in a science project). Similar to the first microcycle, teachers 
reflected on the use and actions involving the technology after the project and, 
based on the reflection, the teachers and researchers decided to give students 
time to use smartphones in their science studies according to their personal 
wishes.  

The third macrocycle aimed to find out what inclusive practices were 
beneficial for students’ science learning from their own personal perspective, 
what practices students used and what practices they rejected/abandoned. 
The third macrocycle included several micro-cycles where students refined 
both their personal and collaborative use of the smartphone (using the 
solutions in practice) in three science projects with the topics of ‘agriculture 
and soil’, ‘world of substances’ and ‘my health’. 
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Finally, the fourth macrocycle was realised in spring 2014. In the previous 
macrocycles, students took an active part in the design learning processes, but 
teachers orchestrated this final microcycle. The students developed the 
solutions for smartphone use further in the third macrocycle, so the fourth 
macrocycle focused more on teachers’ actions to support students’ active 
participation and promote inclusion. In the fourth macrocycle, students 
worked with a collaborative maker-centred PBL project where they 
constructed a ‘scale-model house’ together. The teachers divided students into 
groups according to their interests, readiness and learning profile; the groups 
addressed five differentiated responsibility areas. Students planned their 
smartphone use in the project in the first microcycle (developing solutions for 
participation). In the second microcycle, the solutions were tested in the 
project. The teachers supported the process with reflective discussions after 
lessons. A detailed description of the project is available in Publication III.  

The objective of the EDR project was to gain a rich picture of the studied 
phenomena and identify emerging factors in complex settings (Brown, 1992; 
Kelly, 2006). According to Kelly (2006), the EDR project is exploratory and 
ambitious. It does not seek to make context-free or even random claims, but 
to foster meaning-making and to engage, understand and influence the 
practioners in an act of co-designing. He acknowledges that similar quality 
criteria are applicable for EDR as with other research methods, but the simple 
codification of criteria is not plausible or even desirable. However, Kelly draws 
a set of concerns, which could be addressed to EDR, such as inadequate 
attention to sampling, response and researcher bias, overwhelming amounts 
of data and unsatisfactory methods of turning data into evidence, and 
inadequate attention given to interpretations and the implications of the 
findings. Juuti and Lavonen (2006) propose that the evaluation criteria for 
EDR include stating explicit goals that should be reached during the design 
process. If something emerges during the process that prevents the goals from 
being achieved, something should be changed in, for example, the data 
collection process. According to The Design-Based Research Collective 
(2003), the triangulation of multiple data sources can promote the reliability 
of findings and measures in EDR. Kelly (2006) notes that it is typical of EDR 
to redesign data collection methods over time based on in situ monitoring of 
the failure or success of the collection process. In the data collection and 
analysis phases, EDR has to address similar quality issues as in case-study 
methodologies (Brown, 1992; Juuti & Lavonen, 2006). According to Stake 
(2005) and Stalker (1998), the researcher must know the participants well. 
Familiarity increases confidence among the students (Stalker, 1998), and the 
collected data corresponds to the actual learning situation. Brown (1992) 
recommends using mixed approaches and multiple methods in classroom 
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research. She also acknowledges that knowledge acquisition comes by asking 
questions of the students, which is best employed by a familiar person, for 
example in interview situations. 

In this EDR project, both the data collection and data analysis methods 
were revised and developed further during the research period. During the 
data collection and analysis phase, I applied Gersten and Edyburn’s (2007) 
quality indicators for special education technology research. They argue that 
the use of technology in special education has historically suffered from a lack 
of compelling research that advances learning, is reliable and validates what 
works based on the results. Gersten and Edyburn present thirty quality 
indicators that enhance the research base. The indicators are divided into eight 
areas: conceptualisation of the research study, full disclosure, sample 
selection, description of participants, implementation of the intervention, 
outcome measures, data analysis and publication and dissemination. Even 
though my efforts in this thesis are not to develop technological tools or 
software, nor to measure learning gains, the quality indicators helped me to 
collect high-quality data and to avoid any misinterpretations. Altogether 
twenty-four of the thirty quality indicators were adapted for this study, and 
they were all met. When conceptualising the study, I designed and evaluated 
the data-collection methods iteratively in every macrocycle and altered them, 
if needed, by reflecting on the research aim and questions. All participants 
were active when we were collectively testing, evaluating and sharing the 
developed solutions. I also reflected on the solutions proposed in prior 
research studies and used the knowledge when selecting the students for closer 
examination. The case study methodologies illustrate similar objectives 
(Stake, 2005; Stalker, 1998). 

Throughout the research period, students’ files in the e-learning 
environment were saved regularly (Figure 6). When students were 
collaborating on or working with the same file, the page versions and authors 
were detected (by showing the authors command in OneNote Online). I wrote 
memos every time the students used smartphones in science class or were 
corresponding through email or text messages with teachers. I carried out the 
documentation in a teacher’s memo throughout the EDR. In the analysis 
phase, the memorandum enabled me to separate remembrance from 
interpretation when analysing the data (Brown, 1992). 
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Before the first and second macrocycles of the science project, students had an 
idea of how the generative session would work. These brainstorming sessions 
were video recorded. In the first and second macrocycles, the data was 
collected through repeated smartphone questionnaires, using the online 
student response system Socrative. I compared and reflected on students’ 
smartphone usage based on the responses in the questionnaires and learning 
outcomes in the memo. We collected students’ official and unofficial learning 
plans with detailed descriptions of the LD students, including rehabilitation 
plans, from second macrocycle onwards and used them to understand their 
LDs and their ways of learning better. 

After the second macrocycle, I found that the students’ response rates to 
the questionnaires decreased. It also became clear that the data collected from 
the second macrocycle was weak in terms of quality, and hence, it was not 
sufficient for scientific reporting as such because the students’ answers 
differed from the teachers’ observations, which was also visible in the students’ 
files and teacher’s memo. To ensure that I received data from the third science 
project in the fourth macrocycle, which covered the studied phenomenon 
accordingly, I modified the questionnaire so that it took the form of reflective 
discussions. The collaborative groups were interviewed in pairs after each 
lesson and asked to reflect on the finished lesson. The teacher-directed 
reflective discussions followed a specific structure, consisting of general and 
follow-up questions based on three themes: task (level of challenge, sense of 
success, level of interest), collaboration (in pairs, with the whole team) and 
technology use (tool used, way it was used). When the students identified 
problems during the discussions, the teacher set examples of how to begin, 
share tasks and support other members when working in a group. Finally, in 
order to ensure validity, students were interviewed individually at the end of 



Methods 

48 

the fourth macrocycle. I conducted the interviews on a one-to-one basis 
following the stimulated recall method. Tochon’s (2007) notions concerning 
viewing past events to remember one’s past thoughts through the use of 
students’ notes, photos and video clips taken during the science lessons were 
applied as a stimulus to help them recall the past events. 

The data collected from the EDR project was approached and analysed 
iteratively with different methods (Table 3). Altogether, three researchers 
participated in the data analysis process in order to improve external validity 
and reliability (Stake, 2005). The analysis process followed the agreed upon 
pattern (see Cohen, Manion, & Morrison, 2007); I made the preliminary 
analysis, the results of which were discussed with other researchers until a 
common understanding was reached. Publication I focuses on the issue from 
the standpoint of design-based research (Reeves, 2006), whereas Publications 
II, III and IV present qualitative case studies (Stake, 2005). 
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The main results of the four publications are summarised below. I also 
describe the data analysis methods developed during the EDR reporting 
period. Further details of the studies are available in the original publications.  

Publication I provides an answer to the first research question: 
 

1. How can digital technology be applied as a means of fostering 
inclusive practices in science learning? 

 
Publication I explores and investigates the existing situation, with the aim of 
addressing how smartphones can be applied as a means of inclusive practices 
in a science project from both the students’ and teachers’ perspectives. The 
theoretical framework relied on the use of digital technology (Sharples et al., 
2005), including the elements of inclusion and differentiation (Järvelä, 2006; 
Miliband, 2006; Tomlinson, 1999). The main focus was on the first macrocycle 
and following the principles of EDR with three iterative microcycles (Reeves, 
2006) in which teachers, students and researchers explored the possibilities 
of smartphone use and designed personal solutions for it. After familiarising 
themselves with smartphones, the students used smartphones during a water-
themed science project. The main focus of the study was on the third 
microcycle (testing solutions in science project), during which students 
responded to the questionnaire. The answers were analysed via statistical 
methods (frequencies and correlations) and qualitative content analysis and 
presented as summary tables. The analysis revealed that students used 
smartphones primarily in their working process to make notes, make revisions 
and gather information. It was closely related to previously learned ‘pen and 
paper’ strategies. Students reported an increase in smartphone use when the 
teacher asked them to apply smartphones in their learning activities rather 
than in situations where the students were able to whether or not to work with 
them. The results suggest that students do not spontaneously use smartphones 
in learning. Therefore, they need continuous guidance, at least at the 
beginning with regards to how to apply them in their learning.   

The results of Publication I indicate that the adaptation of a digital tool for 
personal learning is a long process that requires extended time engagement of 
both students and teachers. It also entails a great deal of structured planning, 
followed by an introduction on the use of digital technology to students along 
with continuous guidance and offering diverse learning materials for different 
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strategies. This first EDR study emphasised the importance of working with 
digital technology collaboratively in the initial stage. Co-planning and 
empowering students to engage in development activities supported their 
ownership of smartphone use. Students were motivated to explore the 
possibilities of such a digital tool, and the teacher had the pedagogical 
expertise to use those ideas in learning situations. At the same time, students 
reflected on their learning strategies and found tools that both supported and 
helped them plan the next steps in their learning process. These metacognitive 
skills need time to develop, and the teacher must offer situations that allow for 
student self-reflection. 

To summarise, the primary theoretical contribution of this explorative 
study was to promote an understanding of the possibilities of co-designing and 
applying smartphones as a means of fostering inclusive practices in science. 
The results of the study established the foundation for co-designing 
smartphone use in science, one that requires the supportive actions of a 
teacher, which were exploited in the following studies.  

Publication II provides an answer to the second research question: 
 

2. Which digitally supported, differentiated practices best actualize 
personal strategies for LD students in science learning? 

 
Publication II examined how students with LDs used smartphones as 
supportive learning tools in science learning and deepened the understanding 
established in Publication I. Based on a preliminary data analysis on the 
amount of smartphone usage in classrooms, the main focus was only on LD 
students, who statistically use smartphones more than general education 
students. For the study, I created a framework that relied on Florian’s (2014) 
IPAA framework and previous research findings on LD-supportive digital 
practices and science learning practices. In order to understand how 
smartphones are beneficial to LD students and in which science learning 
practices they were used and in what way, the Publication II relied on the data 
collected from all macrocycles except the video recordings from brainstorming 
sessions. The intention was also to clarify whether digital technology is more 
beneficial for a specific type of LD.  

The data was first examined using theory-guided content analysis (Stake, 
2005). The LDs and three LD-supportive science learning processes formed 
four theoretical categories. The specific type of smartphone usage formed the 
codes for each science learning process category, while the relationships 
between particular LDs and smartphones formed sub-codes (see Publication 
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II). If new codes outside the theoretical background emerged, they were 
discussed (Cohen, Manion, & Morrison, 2007). Through content analysis, a 
smartphone’s potential to support science learning by LD students was 
established based on previous studies, but its potential for specific LDs was 
not clarified. For example, the small number of subjects and the variation 
among LDs made analysis and the findings inconclusive (see Bell, 1998). For 
that reason, I decided to employ a co-occurrence network analysis to enrich 
the overall analysis. 

Co-occurrence network analysis makes it possible to detect and reveal 
underlying connections between objects as well as to understand complex data 
sets (Moeller, Ivcevic, Brackett, & White, 2017). It can be used for all types of 
networks to produce statistics and visual results (Bastian, Heymann, & 
Jacomy, 2009). For example it has been applied in the natural sciences to 
explore co-occurrence patterns in soil (Barberàn, Bates, Casamayor, & Fierer, 
2012) as well as in education for understanding social relationships in 
classrooms (Grunspan, Wiggins, & Goodreau, 2014) and investigating 
students’ online collaboration (Ellis, Pardo, & Han, 2016; Teo & Roberts, 
2016). Moeller, Ivcevic, Brackett and White (2017) used the method to analyse 
how positive and negative emotions occur together within individuals. Their 
study provided an example for me of how to examine the co-occurrence of a 
specific LD with students’ actions in the classroom, which would otherwise be 
challenging to achieve. In Publication II, co-occurrence network analysis was 
used to find relations between LDs and types of smartphone usage as well as 
possible changes in smartphone use.  

The six LDs, the codes and the sub-codes from the theory-guided content 
analysis were set as nodes, and the co-occurrences among particular LDs and 
specific smartphone usage was entered as an edges table. For example, if a 
student who presented with fine motor skills and a language LD made calendar 
marks with the smartphone, I noted a co-occurrence between fine motor skills 
and calendar marks as well as between language and calendar marks. Co-
occurrences between LDs and specific smartphone use were illustrated using 
the Yifan Hu algorithm (Hu, 2006), in which nodes with a low link are pushed 
to the sides of the visualisation and the nodes with a higher link attract each 
other. The complete network of connections consisted of 41 nodes (e.g. LD 
and/or smartphone use) and a total of 1,847 edges (e.g. the co-occurrence 
between a particular LD and specific smartphone use). The co-occurrence 
analysis and network graphs are described in more detail in Publication II. 

The theory-guided content analysis and co-occurrence network analysis 
revealed that LD students use smartphones based on their exposure to them 
in their previous studies, especially with respect to making notes (text, photo, 
video, audio recordings). The usage varied in different science practices, and 
its benefits developed gradually during the research period. Working with 
different scientific learning practices and the smartphone’s related technical 
capabilities influenced how students used the tool. The disadvantages were 
mostly related to technical issues (e.g. battery life, lousy Internet connection), 
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not to learning practices. The results from Publication II reveal that 
smartphone use was refined over the course of two years, giving students and 
teachers time to get to know the digital tool’s potential and to find the most 
beneficial ways to use it. Smartphone usage was beneficial to all LD students, 
and while students did not adopt the same supporting practices, they all chose 
the most beneficial ways for themselves. Especially students with LDs in 
attention and action control, fine motor skills and language found 
smartphones to be beneficial to their learning practices, but students with 
difficulties in self-esteem also benefitted from them at the beginning of the 
study (multimodality). In addition to findings from previous studies, in this 
study half of the collaboration between students was implemented in e-
learning environments, but mention was also made of specific group roles and 
continuing the group work at home. Participants clarified in the final 
interviews that the LD students felt that they participated in group work 
mostly by searching for information using their smartphones. The digital 
technology provided a unique role for LD students in a group.  

In Publication II, I applied a novel method for analysing longitudinal, 
complex and iterative learning processes of students with LDs. The use of the 
Gephi co-occurrence network analysis tool enabled me to explore the data 
visually and to refine the results beyond the more prevalent content analysis 
method. In this study, the complexity of the inclusive classroom setting, 
collected data and diversity among LD students raised the need for a novel 
analytical tool and enriched my data analysis by presenting an illustration of 
the data. To summarise, Publication II relied theoretically on previous studies 
from the research field to frame digitally supported inclusive practices in 
science learning, which I explored in the data analysis. Publication 
II deepened the knowledge presented in Publication I regarding the benefits 
of co-designing the use of digital technology and a teacher’s actions and 
commitment. Especially when teaching and learning with new practices, the 
students will need more intensified support from teachers at the 
beginning. Publication II also clarified that when individual students learned 
how to use smartphones in support of personal learning in different science 
learning practices, they were later able to apply the knowledge in collaborative 
projects. However, Publications I and II provided only a partial view on 
learning practices that support inclusion (students’ personal science learning). 
The following study focused on analysing the collaborative, inclusive practices 
in science learning further. 

Publication III provides an answer to the third research question: 
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3. How can teacher differentiate student learning and promote 
student participation in a collaborative science project? 

 
Publication III focuses on defining the teacher’s role in supporting students’ 
active participation in a collaborative science project with differentiated 
learning tasks and teacher-directed reflective discussions. The Publication III 
explores how differentiated tasks and reflective discussions supported 
students’ collaboration, promoted student participation and helped with the 
construction of a shared artefact in different phases of a maker-centred PBL. 
The study relied on an inclusive, maker-centred PBL framework, which was 
put into practice in the fourth macrocycle. In the maker-centred electricity 
project, the students worked in pairs within their differentiated responsibility 
areas, aiming to construct a scale-model house with a team of five sub-tasks. 
Students also used learned personal science practices from the previous 
macrocycles reported in Publications I and II. The students’ learning and 
active participation in collaborative teamwork was supported via teacher-
directed reflective discussions. The data was collected from video recorded 
reflective discussions and students’ digital notes. Similar to Publication II, the 
data analysis was first performed using the procedures of qualitative content 
analysis (Stake, 2005). Then, the data was summarised in graphic format 
using co-occurrence network analysis Gephi (Bastian et al., 2009) and 
illustrated with Force Atlas 2, a spatial layout algorithm (Jacomy, Heymann, 
Venturini, & Bastian, 2012). The visualisation was used to identify patterns, 
interpret the students’ collaborative processes and detect the teacher’s level of 
support during the project. The visualisation helped identity the phases and 
sessions where students collaborated the most and students who were most 
active or those who withdrew from collaborative situations the most. Also, the 
pairs who most needed the teacher’s support were identified. Finally, the data 
was used to analyse the teacher-support sections in more detail via data-driven 
content analysis; two themes emerged from the analysis of the teacher-support 
sections: ‘support with the process’ and ‘support with social interaction’. 

The results revealed that successfully grouping LD students with 
differentiated learning tasks and roles enabled the teacher to target the 
support needed by such students in social interaction. The reflective 
discussions had a significant role for all students at the beginning of the 
project, and as a result some pairs required regular mentoring. The teacher 
also monitored the progress of the differentiated responsibility areas by 
preparing lessons and including instructions for every session in the e-
learning environment. At the beginning, all students needed reminding of how 
to collaborate. However, the pairs with good collaboration competences were 
able to proceed without any additional teacher support, and pairs with socially 
capable students provided peer support to students with less developed 
competences. The diminishing need for teacher support presumably indicated 
a learning of the competencies needed for the process. The social interaction 
between team members was not due to friendship or one’s abilities or 
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disabilities, but instead to each pair’s differentiated task and the fact that, 
without collaboration, they could not have finished the scale-model house. 
Even though LD students were less active in large groups, the organisation of 
tasks supported their participation in the scale-model house project. It had 
both the structure that LD students require and allowed space for students’ 
competence building in a group. As said, some pairs needed more directed 
teacher support, and the teacher modelled cooperation first in the reflective 
discussion and then at the beginning of the session, when the pairs were 
organising their work. In the final two sessions of the scale-model house 
project, the teacher’s level of support diminished.  

The results indicate that enrichening PBL (Krajick & Shin, 2015) with 
Martinez and Stager’s (2013) ‘learning by making’ concept can provide 
students with more in-depth competence building and provide structuration 
along the lines of Tomlinson’s (1999) work on differentiated instruction. 
Facilitating the active participation of students and engaging the team to 
support each other is the teacher’s most significant task in such a learning 
environment. To summarise, the primary theoretical contribution of 
Publication III relies upon the framework of inclusive, maker-centred PBL and 
models reflective discussions as a method of support. Publication III 
completed the overall understanding of learning practices that support 
inclusion in science learning. However, the benefits of the EDR process from 
the students’ perspective, and especially the ones at risk of being segregated 
are lacking, and therefore, the focus of the last sub-study relies on the LD 
students’ views. 

Publication IV provides answers to the fourth research question: 
 

4. What are the LD students’ perspectives on the use of digital 
technologies as a means of personal science learning? 

 
Publication IV reflects on the EDR process from a single student’s perspective 
and increases understanding of the benefits of both digital technologies and 
the EDR process. Publication IV examines how three students with different 
combinations of LD used smartphones as a supportive learning tool in science 
learning during the EDR project. Theoretically, the study relied on the 
background material used in the previous publications and expanded on it via 
previous notions of student participation in technology-supported learning 
(Adderley et al., 2015; Bouck, 2010; Cook & Schirmer, 2003). All of the 
collected data, except for the reflective discussions from the fourth macrocycle, 
was used in theory-guided content analysis. Detailed descriptions of every LD 
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student were created based on theory-based content analysis and the student’s 
learning plans in order to gain an understanding of each student’s ways of 
using smartphones based on their needs. The descriptions were summarised 
and composed into three case study descriptions in order to better 
communicate the individual LD student’s science learning with smartphones. 
The use of smartphones was described through the experiences of three LD 
students, Juhani, Tuomas and Lauri, each of whom used smartphones 
extensively when studying. Their overall usage provided rich and descriptive 
data of the phenomena and enabled a more detailed picture of the benefits of 
digital technology at the individual level. The case studies enabled researchers 
to illustrate each LD student’s unique combination of LD in comparison to a 
lengthy monitoring period (Stake, 2005). Through case stories, researchers 
could represent how each student’s studying had changed at each follow-up 
time and how the smartphones helped their science learning.  

The analysis revealed how each student’s individual needs, particular LD 
and features of the technology affected its use. Students experienced 
smartphone use in different ways, and what suited one student did not 
necessarily suit another. Juhani, with a diagnosis of Attention Deficit 
Hyperactivity Disorder (ADHD), found that the use of a smartphone enabled 
him to control his attention span in learning activities. During the study, 
Juhani’s attitude towards school assignments became more positive, as 
smartphone use enabled him to work on his tasks from any location. He would, 
for instance, do his homework on a smartphone on the bus after school and 
email his finished assignments to the teacher. Tuomas had good academic 
skills, but he had been diagnosed with LD in perception and motor skills. 
Collaborative learning with peers was especially challenging for him, as he had 
difficulties in navigating social relations. He was interested in technology and 
skilled at using the smartphone, both of which he utilised to overcome his LD. 
In collaborative activities, teachers helped Tuomas to find a role that he 
enjoyed and that allowed him to display his technical skills. By the end of the 
study period, he was often responsible for taking the group’s notes. Lauri’s LD 
manifested as various issues related to reading and writing, which negatively 
affected his self-esteem. He gave up easily and was not eager to do tasks in 
which he needed to put forth an effort. It was also challenging for teachers to 
get him to use learning strategies that differed from those used by others 
because he did not want to stand out. Lauri started by making notes only 
occasionally, but as note-making with a smartphone slowly became the norm 
in the classroom, he started to make notes (text and photos) on his 
smartphone. Over the course of two years, the word count in his notes grew 
and his sentence structures became more versatile. 

From the perspective of differentiation, all students gained from the 
multimodal learning materials and similar smartphone features in digital 
note-making. The students selected the media that they found to be the most 
useful for them. The repetitive methods with a direct link to the student’s 
personal experiences boosted the benefits of technology use. However, if the 
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teacher and guardian saw some way of using the technology as beneficial to 
student, but the student himself did not find it beneficial after trying it, such 
an idea did not take root in practice. In this study, the co-designing project 
strengthened the collaboration between students and teachers and helped 
promote inclusion for all students. Digitally skillful LD students gained 
acceptance from peers and found a valuable role in cooperative activities. 

To summarise, the developed practices in all four macrocycles were 
collated, evaluated and reflected on in the fourth article from the LD students’ 
perspective. The Publication IV clarifies and refines the previous 
investigations on the benefits of smartphones in supporting all students’ level 
of commitment to studying and learning when they participate in developing 
and designing the practices. The study also illustrates the complexities of using 
digital technology in science learning, ranging from a teacher’s knowledge of 
special education and subject-specific pedagogies to technological knowhow 
and engaging students.  



 

57 

The overall aim of the thesis was to uncover how the co-designed use of digital 
technology improved inclusive practices in a primary school science 
classroom. This aim was thus two-fold; on the one hand, the thesis examined 
digitally supported inclusive practices in science learning, while on the other 
hand it examined the benefits of the EDR in an inclusive classroom. According 
to previous studies, implementing inclusive education at the grassroots level 
has proved to be challenging (Honkasilta, Ahtiainen, Hienonen, & 
Jahnukainen, 2019; Paju et al., 2015). It requires an inclusive culture that 
embraces inclusive values, policies that support municipalities and schools to 
organise inclusive education at the grassroots level, as well as practices that 
foster collaboration among teachers and grounded in the continuous 
development of teaching methods (Booth & Ainscow, 2002; Spratt & Florian, 
2014; Lakkala et al., 2016). In the context of this thesis, these conditions were 
met. Inclusive education was a part of the school’s values, teachers worked in 
teams in the classroom and special education teachers and the school 
management encouraged teachers to explore all kinds of innovative methods 
and solutions at the classroom level. Development was possible given such a 
positive support network, and though the EDR project falls within the 
timeframe when the reforms were introduced to the Basic Education Act 
(642/2010) was introduced, it’s findings are more important still today: 
implementing the inclusive education in classrooms is increasigly a challenge 
for teachers and schools today.  

From the perspective of this thesis, there is an absence of student 
participation in developing inclusive practices. While Booth and Ainscow 
(2002) have called attention to the importance of students’ opinions, in 
practice students’ opinions usually only come into play during teacher 
evaluations of the inclusive classroom learning experience. In an IPAA 
framework (Florian, 2014; Spratt & Florian, 2014), the focus is also on the 
teachers, on their attitudes and on their professional beliefs and commitment 
to professional development. Lakkala et al.’s (2016) illustration of inclusive 
education in Finland also takes into account how teachers pay attention to 
individuality and dissimilarity as well as organise flexible and versatile 
teaching and learning arrangements. Altogether, this thesis can shed light on 
several factors that need and have the potential to be improved within schools 
that are implementing inclusive education. The findings provide promising 
insights to this area and expand knowledge on how to establish inclusive 
education that engages all practitioners. Even though the main focus of the 
thesis was on science education, the actions and practices also apply to other 
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subjects. The findings can also give helpful hints and suggestions to teacher 
education programmes regarding how to include inclusive practices and 
especially differentiation and reflective methods for areas other than just 
special education. In the following section, models for implementing digitally 
supported inclusive practices in science learning and a reflective co-designing 
framework were integrated based on the main findings. The findings and 
recommendations for future research will likewise be presented. Further, the 
trustworthiness of the thesis will be discussed. 

Figure 7 summarises the thesis’s findings and brings together the main 
theoretical points that have been further developed in this study. It depicts 
how science projects developed from a single student’s scientific inquiries 
(water project in the 1st macrocycle, Publication I) to include collaborative 
authentic science practices (electricity project in the 4th macrocycle, 
Publication III), but also how differentiation strategies evolved from the 
beginning. Graham, Berman and Bellert (2015) illustrate that inclusive 
thinking comes prior to differentiated instruction, which in turn is grounded 
in solid classroom instruction. This takes time, but from the teachers’ 
perspective, differentiation is the most important inclusive strategy in the 
classroom. The type of high-quality teaching and learning described in policy 
documents (e.g. Education 2030; UNESCO, 2016) require time, especially if 
done in cooperation with students and in response to diverse learning needs 
ranging from enhanced support to providing additional curricular challenges 
(see Finnish National Agency of Education, 2016; Graham, Berman, & Bellert, 
2015; Laine & Tirri; 2016; Tomlinson et al., 2003; Westwood, 2016). Digital 
technology can be viewed as a mechanism for differentiation that enables the 
use of multimodal learning materials, provides access to information and 
resources, and enhances function without stigmatising certain students 
(Blackhurst, 2005; Bouck, 2010; Campigotto, McEwen, & Demmans Epp, 
2013; Cumming & Draper Rodríguez, 2017; Deunk et al., 2018; Nepo, 2017; 
Sakarneh & Nair, 2014).  
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In this thesis, exploring, testing and developing solutions collaboratively at the 
beginning engaged students and teachers to develop digital learning, but also 
gave them immediate insight into different opportunities to use digital 
technology in learning. Students’ eagerness to test different solutions and their 
capability to adapt their free-time technology use to creatively fit new learning 
models nourished the ways in which digital technology can be used in learning. 
It is also noteworthy that teaching and learning methods are not constant in 
an inclusive classroom, or in any classroom for that matter, because learning 
content and situations as well as a student’s motivation or peer relationships 
change continually. Therefore, the teacher and students need to reflect on 
learning iteratively. In this thesis, consistency of differentiation and 
continuous evaluation and reflection benefitted both the teaching and learning 
processes. 

Inclusive practices in personal learning 
The findings illustrate the nature of inclusive practices in each student’s 
personal science learning and how the teacher can support digital learning 
through content, process and product differentiation. Digital technology was 
incorporated into students’ personal learning, first, by mirroring the way in 
which they had learned previously (the ‘pen and paper’ strategies) and later by 
adding more variety. The findings from Publication I illustrate that the use of 
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digital technology benefitted all students’ personal learning, but it seemed that 
LD students gained the most from it (Publications II–IV). Especially 
multimodality in knowledge building (content) and expressing learning 
(product) were beneficial to LD students and helped them to meet their 
curricular goals (Blackhurst, 2005; Campigotto, McEwen, & Demmans Epp, 
2013), assisted them in gaining social and functional skills (Bouck, 2010), and 
gave them equal learning opportunities (Drigas & Ioannidou, 2013). Students 
with LDs in fine motor skills and language used multimodality most in their 
learning, which supported the findings from previous studies (Draper 
Rodríguez & Cumming, 2017; Freeman et al., 2004; MacArthur, 2009; White 
& Robertson, 2015). In process differentiation, a teacher-prepared e-learning 
environment with detailed instructions and multimodal learning materials 
supported student learning and provided the necessary structure. 

Inclusive practices in collaborative learning 
The personal learning strategies supported LD students’ learning in 
collaborative projects (Publication III). After learning personal strategies, 
students were able to participate fully. However, students required teacher 
support both when preparing a project and also when implementing it. 
Norwich and Lewis (2001) acknowledge that students in inclusive classrooms 
benefit from well-designed learning tasks and approaches that can be adapted 
to fit different learners. Previous studies indicate that active construction, 
maker activities, collaborative learning tasks and an opportunity to have an 
influence in selecting the learning task engage students to learn science (Alper, 
2013; Martinez & Stager, 2013; Sakarneh & Nair, 2014). In this EDR project, 
the science projects developed from simple scientific inquiries to include a 
more complex PBL approach aiming to increase students’ engagement and 
active construction of meaning (Krajcik & Shin, 2015; Nathan & Saywer, 2014). 
According to the findings of this study, maker activities connected to PBL 
enabled the teacher to add more variety to the activities in relation to students’ 
abilities, strengths and interests, which helped engage students to learn (see 
Alper, 2013; Blumenfeld et al., 1991; Krajick & Merritt, 2012; Martinez & 
Stager, 2013). These collaborative science practices also enhance a student’s 
sense of being a full-fledged member of the learning community (see Sakarneh 
& Nair, 2014). The learning task can be designed according to the needs of 
content differentiation, but it is closely related to process and product 
differentiation, in which content can be integrated into group role and maker 
activities.  

Previous empirical studies on maker-centred PBL illustrate the teacher’s 
role as a facilitator, mentor and supervisor of the student learning process (see 
Cohen, 1994; Jenkins et al., 2003; Stamovlasis, Dimos, & Tsaparlis, 2006). 
The findings of this thesis illustrate that the collaborative process is supported 
through flexible grouping in different forms, such as learning with a partner 
or in small groups (Cohen, 1994; Johnson & Johnson, 2013; Sullivan & Wilson, 
2015; Westwood, 2016). It is also noteworthy to consider a student’s abilities 
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when forming groups: sometimes it is beneficial to study with students with 
similar abilities and other times with more capable students. Especially when 
it comes to more capable students, it is beneficial to practice how to give 
support to a peer and also how to work with a student with similar abilities. 
Researchers have found that working with a peer is beneficial especially to LD 
students’ learning (Tomlinson et al., 2003; Westwood, 2016), but 
differentiation collaborating with a peer with similar competencies should be 
used more often as a differentiation strategy with gifted students (see Laine & 
Tirri, 2016). According to the findings of Publications III and IV, both 
strategies supported and enhanced learning.  

The structure of maker-centred PBL provided both the structure that the 
LD students needed and the space for competence building. Students required 
teacher-given modelling and regular feedback throughout the process, which 
has also been acknowledged in previous studies (Cohen, 1994; van de Pol et 
al., 2014). Gómez Puente, van Eijck and Jochems (2013) have noted that the 
teacher facilitates learning by encouraging independent work as much as 
possible throughout the process. In this thesis, teacher-directed reflective 
discussions enabled students to practice collaboration independently in 
pedagogically prepared groups during the lesson and reflect on it afterwards. 
These process differentiation strategies promoted students’ active 
participation and also their inclusion, which was acknowledged in three LD 
student case descriptions provided in Publication IV.  

In the research field, the positive experiences associated with an inclusive 
education are often related to co-teaching and participating in development 
processes, which gave rise to a greater capacity and willingness to reform 
inclusive practices (Allan, 2008; Lakkala, 2008; Pesonen et al., 2015; 
Rytivaara, 2012b). Thus, EDR studies that have aimed at developing education 
from the perspectives of digital technology, novel pedagogical approaches and 
co-designing with participants have had promising results (Pernaa, 2011; 
Kangas, 2014; Korhonen, 2017). Juuti and Lavonen (2006) have emphasised 
the importance of a design artefact that scopes classroom actions when 
addressing challenges in the learning environment. In this thesis, the digitally 
supported learning strategies served as an artefact, an object of development. 
Students were motivated to explore the possibilities of smartphone use in the 
classroom, based on which teachers with pedagogical expertise used students’ 
ideas in new learning situations. The objective was to formulate personal 
learning strategies that met the needs of all students in the classroom, not only 
the ones that required additional learning support, which is often the case in 
an inclusive classroom. In Finland, the debate on inclusion revolves around 
LD students, their placement, system functionality and the beliefs of teachers 
at the general education level in their professional abilities (see Honkasilta et 
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al., 2019; Paju et al., 2018). It might be that the Finnish support system 
unintentionally promotes segregation at the grassroots level; the actions at 
school and in the classroom are aimed at LD students and not part of 
the ‘education for all’ model that Haug (2017) emphasises. He requests that 
educators strongly investigate the nature of inclusive pedagogical practices, a 
call echoed in the present thesis. Figure 8 depicts the framework for the 
reflective co-designing of learning strategies in an inclusive classroom.  

The findings presented in this thesis support previous conclusions that 
smartphone have a great potential to stimulate learning (see Bouck, 2010; 
Drigas & Ioannidou, 2013; Nepo, 2017), improve self-confidence (Campigotto, 
McEwen, & Demmans Epp, 2013), self-esteem (Adam & Tatnall, 2010) and 
self-advocacy, and promote inclusion (Finkelstein et al., 2019). Also, science 
was a profitable subject for co-designing inclusive practices because it 
connects learning to real-life examples and emphasises learning strategies and 
practices that have possibilities to engage and motivate students to learn. The 
digital technology was a tool for reflecting on the learning experience and the 
strategies implemented when the student was actively involved in the co-
designing process. The students were able to reflect on their science learning 
strategies and find tools that both supported and helped them plan the next 
steps in their learning. This process is essential when we want to promote 
education for all, as Miliband (2006) has noted. These metacognitive skills 
need time to develop, and the teacher must offer situations that allow for 
student self-reflection, and hence, promote overall competence building. 
There is no universal way to implement inclusive education. Therefore, 
digitally supported inclusive education at the grassroots level, explicit learning 
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and each learning period should be seen as a process with a cyclical nature, 
one where learning is designed and tested in practice.  

In this thesis, Publication I illustrated that the process of co-developing 
digitally supported inclusive practices is grounded in exploring and seeking 
innovative possibilities for an object of development. The basic skills for 
personal learning are learned first and then used in pedagogically meaningful 
ways in a subject-specific context (Publication II). The learned personal 
strategies can also be used in cooperative activities (Publication III). The 
personal strategies begin to develop from engaging to co-development at the 
beginning and to testing such strategies iteratively in different learning 
contexts (Publication IV). 

Planning the use of digital technology at the beginning of the learning 
project or learning module could direct students to more comprehensive, 
content-specific use of it later on, and it could be applicable also for other novel 
learning tools or methods. The digitally supported learning period begins by 
recognising a student’s existing knowledge and know-how. Publication 
III illustrated how a teacher’s careful preparation for a collaborative learning 
period promoted learning when students’ abilities guided the differentiation 
of content, process and product. After framing the overall structure of the 
learning period, students ideate solutions for how to best meet the learning 
objectives. For this thesis, teachers used instructed ideating sessions before 
each science process and used them again for refining the learning period. 
During the learning period, both students and teachers tested the solutions in 
practice, learning both content knowledge and different skills. At the end of 
the project, students and teachers reflected on the use and actions involved, 
and the acquired knowledge can be used in the next learning period. It is 
noteworthy that it takes time for LD students to become familiar with new 
approaches; this is why it is vital to use the same methods regularly and with 
similar structures (Cook & Schirmer, 2003). Teachers also benefit from 
iterative practices and routines that help them give regular feedback to 
students. For example, van de Pol, Volman, Oort and Beishuizen (2014) 
learned that teachers benefitted from a structural model of promoting student 
learning. Teachers who followed a model increased the overall quality of their 
teaching. Teachers who used this model provided more support to students. 

In addition to previous notions on classroom practices, I propose several 
recommendations for the future in the light of digital technology and inclusion 
research in teacher education.  
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The previous investigations and the findings of this thesis indicate that there 
is a need for research-based examples of how to use digital technologies in 
education (Finkelstein et al., 2019) and in inclusive teaching and pedagogical 
practices (Haug, 2017; Honkasilta et al., 2019). This thesis has shown that 
science learning can be facilitated in heterogeneous classes when students can 
learn the related subject, skills and competences in a more in-depth way. 
However, more studies in similarly complex learning situations related to 
subject-specific technology use and support strategies in different learning 
contexts are needed. Actively taking part in the research process has proved to 
be beneficial in special education research (Chappell, 2000; Gilbert, 2004; 
Kiernan, 1999; Rodgers, 1999; Stalker, 1998; Walmsley, 2001; Zarb, 1992). 
This thesis supports these observations and contributes to them with an 
example of co-developing through student, teacher and researcher 
collaboration (see Kangas, 2014; Loukomies, 2013). In the field of inclusive 
education, such EDR collaboration would be a preferable arrangement 
because any study on this topic must be planned carefully and persistently and 
build on a confidential relationship between the researcher and those being 
studied (see Stalker, 1998). Trust is a key factor in an inclusive classroom 
where new and out-of-the-ordinary learning methods are being developed and 
experimented with. I would encourage researchers to work as a 
natural part of the classroom community. Co-developing inclusive 
science practices in accordance with EDR and curriculum provided a diverse 
and high-quality science education that developed the abilities, working 
methods and learning skills of students with diverse learning abilities. The 
reflections presented in this thesis are not only targeted to technology use, but 
also working competences in collaborative activities. Related classroom 
practices promoted high-quality teaching and learning for all students 
according to the aims of inclusion, and for me as a special education teacher, 
it also gave the possibility to do academic studies aiming at a doctoral degree.  

Methodologically, this thesis also gives insights for novel data collection 
and analysis methods in special education research. In this thesis, the data was 
collected through a tool that was the object of the development. Students 
answered the questionnaires with the smartphone, they video-recorded 
ideating sessions with it and they used it in their learning products, for 
example in note-making. The students’ files were downloaded automatically 
to the e-learning environment, and they were used in data analysis. In this 
way, the data collection process was one of the learning routines in the 
classroom and also part of the evaluation, which did not cause any additional 
effort for the students. I would recommend using data collection tools 
that are already in everyday use in the classroom. In the data analysis 
phase, the use of the Gephi co-occurrence network analysis tool made it 
possible to explore the data visually and to refine the results beyond the more 
prevalent content analysis method. In this thesis, the complexity of the 
inclusive classroom setting, the collected data and the diversity of the LD 
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students raised the need for a visual analysis tool. The co-occurrence analysis 
enriched the data analysis in Publication II by making it possible to illustrate 
the descriptive statistics and correlations and in Publication III by offering a 
visualisation of the data; therefore, co-occurrence analysis has great 
potential for use in other studies as well. 

National statistics (Official Statistics of Finland [OSF], 2019) illustrate that 
inclusive education and inclusive practices should concern every student 
(Laine, 2016), as well as not just special education teachers in the field but all 
teachers at some level. The findings of this thesis illustrate that co-designing 
learning with students, inclusive practices and using digital technology with 
primary school students should be a natural part of subject-specific didactics 
for all university students in teacher education (see Lee & Buxton, 2011; Song 
et al., 2012). Graham, Berman and Bellert (2015) have noted that 
differentiation in increasingly diverse classes in challenging. It is easier to 
recognise than to implement, which is the case with inclusive practices in 
general. Therefore, the teacher education curriculum should 
emphasise more inclusive values and include more inclusive 
practices, such as differentiation both in theory and practice. The 
ways of furthering the science learning described in Publications 
II and III function as guiding factors in the planning of inclusive pedagogies, 
and they should be tested together with the students in different subject 
lessons. Only by exploring different ways of using smartphones or other forms 
of digital technology can a suitable way be discovered to help support students’ 
concept formation and learning competences. At a practical level, there is a 
great need to increase teachers’ technological know-how. It should be 
mandatory for teachers to develop their pedagogical knowledge of 
inclusive technology use with respectful support from school 
management. This is shown in this thesis, where the teacher had a central 
role in supporting both the students’ learning and the ways they used the 
smartphones. Through the teachers’ pedagogical and digital know-how, it was 
possible to further the learning of all the students being studied. However, it 
is noteworthy that the entire school culture supported this innovative 
development (see Korhonen, 2017; Korhonen & Lavonen, 2014; Kukkonen & 
Lavonen, 2014). 

Florian (2014) and Lakkala (2008) highlight the importance of cooperation 
between teachers in inclusive education. In this thesis, three teachers worked 
closely together, but their cooperation was not investigated. The possibilities 
of using technology in collaborative teaching and planning warrants further 
research in the future. The implementation of inclusive practices in terms of 
subject-specific practices, use of technology, cooperation and differentiation is 
not always straightforward; thus, teachers need examples of beneficial 
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approaches, detailed illustrations and models of good practice (see Jenkins et 
al., 2003; Pesonen et al., 2014). These issues must be taken into consideration 
in the teachers’ pre- and in-service education as well as in the implementation 
of education policy. It would be suggested that in teacher education, students 
should study subject-specific differentiation and technology and 
engage in cooperative projects with other students that are 
majoring in different subjects (e.g. class teacher, special education 
teacher, science teacher) in order to gain tools to work in inclusive classes. 
Also, iterative processes and co-developing should be available in 
course selection. Especially learning how to support complicated and 
possible non-linear processes is vital for supporting collaborative competence 
building. Publication III found that facilitating cooperation and engaging 
students in supporting each other is the most significant aspect of PBL for a 
teacher. With reflective discussions, the teacher could promote students’ 
competence building (Binkley et al., 2012). The project discussed here 
provided an applicable example of how to construct an inclusive and maker-
centred PBL unit and support student cooperation. 

The thesis has discussed an EDR project in an inclusive classroom where I 
worked as a special education teacher. My many roles as a researcher, team 
teacher and special education teacher have enabled me to become well 
acquainted with inclusive education in its many forms and also to be trusted 
by the research subjects. Although familiarity with the context can be a 
strength, it can also be problematic to be a researcher precisely because it may 
be more challenging to observe the results critically. However, my two-fold 
role can also be considered beneficial for carrying out the research in an 
inclusive classroom and strengthening the level of trustworthiness (Brown, 
1992). In EDR, same individuals are often simultaneously researchers, 
developers, facilitators and evaluators of the intervention (McKenney & 
Reeves, 2019), which is the case in this thesis as well. According to McKenney 
and Reeves (2019), the two-fold role enables a detailed, first-hand 
understanding of the research findings, which is highly beneficial. They also 
underline the open-minded and critical roles of such a researcher. An open-
minded researcher can see implications that must be redesigned, is more likely 
to be sensitive to a class’s needs and can change the actions quickly. As they 
put it: ‘The critical researcher can see, for example, how well instruments are 
measuring the phenomena they are intended to measure. The need and 
opportunities for making methodological adjustments may be more 
apparent to someone who deeply understands both the design intentions and 
the research goals’ (McKenney & Reeves, 2019, p. 181). McKenney and Reeves 
(2019) also acknowledge the methodological concerns, especially that of bias 
(see also Kelly, 2006). For example, in this study the students were aware of 
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the fact that they were co-designers and co-developers, which might affect 
their attitudes and opinions. Brown (1992) discusses the Hawthorn effect, 
which refers to the research object’s awareness of being observed and 
researched, often leading to the intervention having a positive effect. She also 
highlights that the Hawthorne effect is exactly what should be aimed for in a 
classroom. From a methodological perspective, Brown (1992) remarks also on 
the threat of ‘romanticising’ the process of discovery and its applicability in 
another context. This remark makes researching inclusive education difficult, 
precisely because effective practises take time to develop, whereas the field 
desires quick results either for or against specific solutions. The problem of 
romanticising the results is acknowledged in the field, with good practices at 
times not being used due to time constraints. In the process of developing 
learning and teaching practices, the ‘feeling’ of achieving success in a 
classroom usually appears before the evidence, which must also be 
acknowledged. For example, in this thesis the second macrocycle did not 
provide enough good quality data, which could have been used to report on the 
science project in an independent article. However, the atmosphere in the 
classroom indicated that something beneficial was occurring with respect to 
student learning from the standpoint of both theory and practice, which 
encouraged all practioners to continue. The research field longs for various 
and versatile examples of successful cases of effective learning practices 
applied in classrooms. The process of building an inclusive learning 
environment is not something that can be copied from one place to another or 
easily received without accounting for the larger context. Therefore, it is 
important that the research reports include a description of the state of the 
participating class’s development process. 

Using digital technology, such as smartphones, in learning also includes 
disadvantages that the researcher needs to be aware of. Students have to learn 
to focus on the learning task at hand, even when they have a world of 
entertainment within a touch of the screen. There is also the danger of 
exclusion when students immerse themselves in the devices. According to 
Salmela-Aro, Upadyaya, Hakkarainen, Lonka and Alho (2019), excessive use 
of the Internet may lead to school burnout and depressive symptoms later in 
life. However, Hietajärvi (2019, p. 54) notes that ‘knowledge-building types of 
digital activities increase the psychological resources in terms of available 
tools and competencies (intellectual prostheses) supporting schoolwork and 
school engagement’. The use of technology based on carefully planned 
pedagogical solutions can, however, be of assistance with science learning. 
Thus, these issues need to be taken into account when organising classroom 
activities. In the participating class, teachers and students discussed proper, 
task-oriented smartphone usage regularly. For example, we collaboratively 
made a list of rules that was placed on the wall. 

According to the Design-Based Research Collective (2003), the 
triangulation of multiple data sources can promote the reliability of the 
findings and measures in EDR. In the data collection and analysis phases, EDR 
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must acknowledge similar quality issues as with case-study methodologies 
(Brown, 1992; Juuti & Lavonen, 2006). As said, various inclusive researchers 
agree that is essential that the researcher knows the participants well to obtain 
reliable data (Chappell, 2000; Gilbert, 2004; Kiernan, 1999; Rodgers, 1999; 
Stalker, 1998; Walmsley, 2001; Zarb, 1992). Stalker (1998) pinpoints that 
researching LD students properly takes time, but the familiarity contributes to 
a high level of trust between the researchers and the subjects of study, and the 
collected data thus better matches an authentic learning situation. Besides, the 
study should include students who can provide the researcher with material 
that is rich and as descriptive of the phenomenon as possible. In inclusive 
education, the used teaching methods vary according to individual students 
and the class’s needs. Methods are rarely permanent; they are rather tailored 
to the needs of each class. Juuti and Lavonen (2006) encourage researchers to 
state explicit goals for the process and evaluate them in the relation to the data-
collection process. Kelly (2006) notes that it is typical of EDR to redesign data-
collection methods over time based on in situ monitoring of their failure or 
success.  

This thesis consists of four different sub-studies that investigated the EDR 
process from different perspectives using multiple methods. During the data 
analysis process, I worked closely with my supervisors, which enabled me to 
take a critical distance from the data and avoid any biases. During the process, 
I also kept in mind Kelly’s (2006) set of concerns for design research and 
Gersten and Edyburn’s (2007) quality indicators for special education 
technology research, which were described earlier in section 5.4.  

In terms of the uniqueness of the inclusive classroom setting presented 
here and the diversity of the participating students, some limitations should 
be taken into consideration when interpreting the results of this study. I also 
acknowledge that conducting the study in a different school with different 
students or using similar inclusive practices to support the learning experience 
with other students may result in different outcomes due to individual 
differences and preferences. For example, the LD students discussed 
in Publication IV were selected based on their extensive use of smartphones in 
their studies and the amount of new information they offered on the 
possibilities of smartphone use. Selecting different students or conducting the 
study in a different group would have resulted in different results. It is also 
noteworthy that not all actions that benefitted student learning were visible in 
the data. For example, in the final interviews students were asked only to 
reflect on how they had used their smartphone and how they felt that it 
benefited their learning. Also, the inclusive practices used in the classroom 
before the study period had further promoted student learning in inclusive 
settings. It is also impossible to analyse what smartphone-related factors 
furthered inclusion and what aspects occurred because of the learning support 
offered and the generally inclusion-friendly atmosphere in the classroom. 
When taking these remarks as a whole, the reader should consider carefully 
the extent to which the results are transferable to other contexts. 
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This thesis enriches the knowledge of co-designing inclusive practices in 
science learning at the grassroots level. The EDR project presented in this 
thesis developed new knowledge in the field of education where teachers 
encounter challenges today more than ever. The main finding of this thesis is 
that digitally inclusive practices can be developed in a primary school 
classroom together with students. The support of the school management, the 
inclusive, rich climate and teachers willingness to develop professionally made 
the co-development process with students possible. I suggest that students in 
an inclusive classroom benefit from differentiated and reflective processes in 
teaching and learning that enable students to overcome possible learning 
obstacles. This finding is supported by McGinnis and Kahn’s (2014) findings 
from their literature review, namely that LD students can learn in inclusive 
science classes without making any significant adaptions other than modifying 
the practices that allow students to circumvent their particular LD. However, 
teachers need to differentiate lessons to help students achieve their learning 
goals (Graham, Berman, & Bellert, 2015; Tomlinson, 1999). It is especially 
challenging in classes with a diverse number of LDs due to the range and 
complexity of the challenges faced by each individual student (Bell, 1998). 
Effective learning and teaching practices and the use of technology especially 
need to be taken into consideration. Publishing companies should provide not 
only traditionally differentiated learning materials with simplified text, but 
also digital learning material of a high pedagogical quality together with 
multimedia resources that can support all students’ knowledge building and 
digital competences (e.g. Campigotto, McEwen, & Demmans Epp, 2013; Song 
et al., 2012). 

The thesis contributes to a theoretical understanding of digitally supported 
inclusive practices in science learning and highlights the benefits of a reflective 
co-designing project for students’ personal learning strategies. Based on the 
experience, teachers’ and students’ shared commitment to a long-lasting 
process endorsed the change. In this EDR project, both the teachers and 
students were committed to the design artefact, using the smartphone as a 
learning tool. Enhancing students’ participation in classroom practices 
increased the development of new, creative ways to use digital technology in 
learning. Also, the belief by both teachers and students that LDs could be 
circumvented with a smartphone was essential. The thesis shows that the types 
of technology use that have been carried out regularly in real educational 
situations mirror everyday use. The teacher from time to time must review the 
various mobile learning tools that can be used so that the way students employ 
mobile devices in their learning becomes more versatile. Teachers also need to 
create ways to support students and parents, both in terms of learning and the 
problems they experience with the device itself. In order to benefit from digital 
technologies in inclusive education, teachers should have positive attitudes 
about such technologies (Geer & Sweeney, 2011; Nepo, 2017), be committed to 
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fulfilling the goals of inclusive education (e.g. Florian, 2014; Bešić et al., 2017) 
and be willing to engage in a long-lasting co-designing project with students 
and other teachers. Then may the spirit of the ‘education for all’ approach fulfil 
its potential. 
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