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ABSTRACT

The introduction of digital textbooks, with data-driven functionalities, is 
a recent trend in mathematics education challenging established teaching 
practices. This new technology represents a key shift as student datasets 
make it possible to track the performance of all students, present data 
in real time, and allow teachers or the system itself to adjust the learning 
environment and presented tasks. Hence, the overall aim of this thesis is 
to explore and understand teachers concerns when digital mathematics 
textbooks are introduced in their teaching. The research is conducted in 
real classroom settings and activity theory has provided a lens to explore 
and understand teaching with digital textbooks by analysing its activity 
systems. The analysis is divided into three interrelated sub-activities: first, 
planning the teaching; second, teaching with data-driven decision support; 
and finally, teaching with adaptive tutoring functionality. Each of the three 
activities is discussed through the concepts of conflict of motives, congru-
ence, and contradictions. This thesis reveals opportunities for development 
of teaching with digital textbooks by pointing out contradictions, which 
can act as a source of change and development for new ways of structuring 
and enacting the teaching activity. The studies show that planning teach-
ing with a digital mathematics textbook with a high degree of flexibility 
puts more burden on teachers. They need additional competences and 
increased resources, particularly in terms of time for teaching. Teaching 
with data-driven dashboards and adaptive tutoring functionality builds on 
an individualized approach. This contradicts established teaching norms, 
building on the collective classroom activity, and where most activities are 
organized by a teacher to develop not only mathematics knowledge and 
abilities, but also more general skills. Furthermore, adaptive functionality 
challenges teachers´ perceived control of the learning process and their 
accountability. On the other hand, the possibility of monitoring students´ 
performance visualized on dashboards and support for adaptation to stu-
dent needs showed to provide actionable knowledge in teaching, making 
individualization easier.
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CHAPTER 1

INTRODUCTION

A math teacher stands in the middle of the classroom, surrounded by his stu-
dents. He looks at them, working committedly with completely different things, 
depending on their individual needs. “That’s really great”, he thinks to himself. 
A while ago, he replaced the paper textbook with a digital one. He was fasci-
nated by the opportunity to get better insight into the students’ varied results 
and thus be able to adapt the teaching accordingly. However, it is not going as 
smoothly as he would like it. Today, he had planned to end the lesson with a 
joint math problem and a class discussion relevant for all. “How would that 
work when every student has their own learning path?”, he is thinking. He 
then looks down at the tablet in his hand, showing the students’ achievements 
in real time as they are working. “Is this really the information I need? How 
can this help me? Maybe I lack the right skills needed nowadays?” Interrupted 
in his thoughts, he walks towards a student calling for his attention.

Advocates of the recent advancement of technology have proposed an 
increased interest in adaptive learning. They proposed that computation, 
big data, algorithms, and artificial intelligence (AI) can radically change 
education for the better. Much of the discussion has addressed how rich 
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learner data can be collected and analysed to better understand and predict 
individual students’ performance, effort, and needs. Following this, educa-
tion technology (EdTech) developers enable data dashboards and decision 
support systems to assist teachers with automated assessment and visuali-
sation of students’ learning activities. It is also suggested that intelligent 
tutoring systems, working autonomously, can effectively engage in actual 
teaching and replace existing teacher-controlled tasks. Even if these far-
reaching ambitions do not necessarily come true, it is reasonable to argue 
that data-driven technology will significantly impact the role and agency 
of teachers. Because of this, this thesis intends to explore teaching with 
technology provided by digital mathematics textbooks.

Mathematics education was one of the first fields to recognise digi-
tal technologies’ potential and explore how they could improve educa-
tion and be employed in mathematics curricula (Trouche et al., 2012). 
Information technology has been considered to have great potential to 
improve teaching efficiency, which has been widely reported in research 
(see, for example, Kulik and Fletcher, 2016; Minsky et al., 2004; Skinner, 
1984). At first, teaching machines were introduced to automate education. 
They were based on the idea of programmed instruction and intended to 
reinforce the “correct” behaviour of the students. These machines were 
followed by computers that provided instructional material for students 
to practice their skills in computer-assisted instruction. Later, software 
was designed to present expert knowledge using tutoring strategies that 
were more sensitive to the specific learner in intelligent tutoring systems 
(Nwana, 1990; Reiser, 2001). Technology has also been considered to have 
the potential to foster student skills through learning by making. Pap-
ert (1980) rejected the focus on correct answers and proposed that active 
students would benefit from learning through engagement in a construc-
tionist computer environment, exploring, and solving problems with a 
programming language called LOGO.

In mathematics education, textbooks have a long tradition. It is a sub-
ject with strong textbook connections, arguably more so than most other 
subjects. Mathematics can be understood as a subject closely associated 
with, and driven by mathematics textbooks (Lepik, 2015; Remillard, 
2005). Textbooks are generally designed to align with national curricu-
lar goals, although the content of the mathematics curriculum, to a high 
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degree, is similar across countries. Hence, they work as a mediator between 
the intended curriculum and implemented curriculum. Textbooks medi-
ate specific conceptions about teaching and learning and are produced to 
be actively used by teachers to provide opportunities for learning (Gracin 
& Matić, 2016; Haggarty & Pepin, 2002; Viholainen et al., 2015). High-
quality textbooks are considered important for identifying good pedagogy 
and effectively disseminating it to teachers (Fan et al., 2013; Oates, 2014). 
Textbooks serve as a resource for teaching structures by conveying ped-
agogy, and teachers who use different textbooks display different teach-
ing strategies (Fan et al., 2013; Oates, 2014). Teachers and educational 
specialists have mainly written mathematics textbooks, making different 
textbooks quite similar, and have done little to transform current practices 
(Choppin & Borys, 2017; Howson, 2013; Oates, 2014). Nowadays, the 
production of digital textbooks also includes participation from EdTech 
companies and computer scientists who design advanced technology 
intended to be applied in education. It is reasonable to argue that tech spe-
cialists have their interests and competencies, and that this fact will affect 
the development of educational technology (Clark-Wilson et al., 2020; 
Hillman et al., 2020).

However, digital textbooks are no longer standalone software, but 
have, in many cases, been revamped into or onto online platforms, which 
include management support for teachers and data reports of students’ 
performance (Choppin & Borys, 2017). In addition to embedding mul-
timodal approaches and different modes of mathematical representations 
(Hegedus & Tall, 2015; Hoch et al., 2018), digital data are directly col-
lected as students interact with the digital textbook. This is a key shift 
when student datasets make it possible to track the performance of all stu-
dents, present data in real time, and possibly allow teachers or the system 
itself to adjust the learning environment (Han et al., 2019). Algorithms 
that analyse data to inform teachers and make predictions allow for what 
can be understood as data-driven education. This means that teaching and 
learning are informed by, and rely on, digital student data tracked in their 
daily educational activities. Teachers can use the information to adapt 
instructions, or the digital system can use the information to automatically 
adapt instructions, depending on who controls or initiates adaptation. On 
the one hand, information about students converted to digital data can be 
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calculated and visualised in graphical presentations (Williamson, 2017) 
called dashboards (Park et al., 2017). Such dashboards can inform teach-
ers to increase responsiveness to students’ needs and potentially improve 
instruction. On the other hand, digital mathematics textbooks can include 
automated adaptations informed by advanced software. Here, algorithms 
and machine learning applications are used to analyse student perfor-
mance and present each student with tasks and feedback that are deemed 
suitable to develop their knowledge. The intention is that the system 
autonomously addresses each student’s needs and optimises their learning 
(Graesser et al., 2018). 

Although the features of digital textbooks are intended to reduce 
demands on teachers and facilitate their work, it seems that they challenge 
teachers’ position in education and lead to new and substantial challenges. 
Studies have highlighted that teachers’ selection, adaptation, and use of 
resources in digital textbooks require extended skills and agency (Remil-
lard, 2016; Pepin et al., 2016). Digital textbooks integrate new features 
not traditionally provided by paper textbooks, such as increased flexibility 
for teachers to dynamically design different learning trajectories with cur-
riculum resources. Under these circumstances, teachers’ ability to navi-
gate resources and adopt a broader curriculum understanding determines 
how they can benefit from a digital textbook and realise pedagogical goals 
in the classroom (Pepin, 2019). Further, digital mathematics textbooks 
are designed to interact with students directly and often individually, and 
there are concerns about less personal contact between teachers and stu-
dents (Bunting et al., 2020). If the attempt is to make use of and benefit 
from all resources provided by novel digital textbooks, this requires re-
thinking of teaching, and teachers must play a central role in this (Faber 
et al., 2017; Grönlund et al., 2018; Lew, 2016; Lokar, 2015; Remillard, 
2016).

The movement from paper textbooks to digital textbooks reflects a 
more general process of the digitalisation of education. Globally, there is 
an ongoing digitalisation transformation driven by aspirations to improve 
education, transform learning, and increase student engagement. This 
change has been slow-moving, and ambitious visions have yet to be ful-
filled (OECD, 2015). One challenge is that new technology often intro-
duces unintended and unpredictable consequences to teachers’ day-to-day 
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classroom activities (Selwyn, 2017; Tallvid, 2016). Thus, despite curricular 
goals and policy visions, technology in mathematics education is less used 
than in many other subject areas (Blackley & Walker, 2015; Howard et 
al., 2015; Swedish National Agency for Education, 2019). There is both 
a quantitative and a qualitative gap between expectations and reality con-
cerning technology use in mathematics classrooms (Bretscher, 2014; Lew, 
2016). One aspect that can be understood as holding back the transforma-
tion is that mathematics education has strong cultural and historical tradi-
tions, both in content, teaching, and tools. A suggestion is that “there may 
be specific aspects of mathematics teaching that influence the response 
to technology innovation” (Zuber & Anderson, 2013, pp. 281). Teachers 
in different subject areas have their own understandings of teaching and 
learning, which influence technology-supported activities in classrooms 
(Howard et al., 2015).

Digital mathematics textbooks have received increased attention from 
research. Their use and development are emphasised as emerging and 
important fields for the future direction of textbook research (Fan et al., 
2013; Pepin & Choppin, 2018). Over the years, multiple attempts have 
been made to understand the introduction of technology in mathematics 
education. Yet, many questions have remained unanswered. While digital 
mathematic textbooks show great promise in experimental studies where 
individual students engage with mathematical learning tasks (Faber et al., 
2017), there seem to be challenges connected to their use in classroom 
practice. The issues described above reveal systemic problems, i.e., the 
introduction of digital textbooks in the classroom affects and is affected 
by the whole activity of teaching mathematics. Hence, teaching with digi-
tal mathematics textbooks needs to be understood through its systemic 
implications.

Activity theory is particularly useful for addressing these aspects and 
recognises that human activities have a systemic nature situated in the 
context. Following activity theory, teaching with digital textbooks can be 
understood by analysing its activity system, which makes it possible to 
understand the dynamics of the activity and inherent relations. Digital 
textbooks may generate disturbances in teachers’ work, leading to a con-
flict of motives, which are rooted in systemic contradictions (Engeström 
& Sannino, 2011; Sannino & Engeström, 2017). Sometimes the relation 



18

calculated and visualised in graphical presentations (Williamson, 2017) 
called dashboards (Park et al., 2017). Such dashboards can inform teach-
ers to increase responsiveness to students’ needs and potentially improve 
instruction. On the other hand, digital mathematics textbooks can include 
automated adaptations informed by advanced software. Here, algorithms 
and machine learning applications are used to analyse student perfor-
mance and present each student with tasks and feedback that are deemed 
suitable to develop their knowledge. The intention is that the system 
autonomously addresses each student’s needs and optimises their learning 
(Graesser et al., 2018). 

Although the features of digital textbooks are intended to reduce 
demands on teachers and facilitate their work, it seems that they challenge 
teachers’ position in education and lead to new and substantial challenges. 
Studies have highlighted that teachers’ selection, adaptation, and use of 
resources in digital textbooks require extended skills and agency (Remil-
lard, 2016; Pepin et al., 2016). Digital textbooks integrate new features 
not traditionally provided by paper textbooks, such as increased flexibility 
for teachers to dynamically design different learning trajectories with cur-
riculum resources. Under these circumstances, teachers’ ability to navi-
gate resources and adopt a broader curriculum understanding determines 
how they can benefit from a digital textbook and realise pedagogical goals 
in the classroom (Pepin, 2019). Further, digital mathematics textbooks 
are designed to interact with students directly and often individually, and 
there are concerns about less personal contact between teachers and stu-
dents (Bunting et al., 2020). If the attempt is to make use of and benefit 
from all resources provided by novel digital textbooks, this requires re-
thinking of teaching, and teachers must play a central role in this (Faber 
et al., 2017; Grönlund et al., 2018; Lew, 2016; Lokar, 2015; Remillard, 
2016).

The movement from paper textbooks to digital textbooks reflects a 
more general process of the digitalisation of education. Globally, there is 
an ongoing digitalisation transformation driven by aspirations to improve 
education, transform learning, and increase student engagement. This 
change has been slow-moving, and ambitious visions have yet to be ful-
filled (OECD, 2015). One challenge is that new technology often intro-
duces unintended and unpredictable consequences to teachers’ day-to-day 
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classroom activities (Selwyn, 2017; Tallvid, 2016). Thus, despite curricular 
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between a digital textbook and teachers’ work shapes a balance in the activ-
ity system and improves teaching actions. This can be understood as con-
gruence (Karanasios & Allen, 2014). Activity theory draws attention to 
learning and development processes. Formative interventions that rely on 
activity theory offer agency to teachers to resolve contradictions, work out 
new solutions, and learn what is not yet there (Engeström, 2016; Virk-
kunen, K. & Newnham, 2013). 

1.1 RESEARCH AIM AND QUESTIONS 
Education is amid a process of digitalisation with the introduction of 
various digital tools. In mathematics education, the introduction of digi-
tal mathematics textbooks with data-driven adaptive functionalities is a 
recent trend. However, teachers often face problematic situations when 
digital technology is introduced into established teaching practices.

The overall aim of this thesis is to explore teachers’ concerns when 
digital mathematics textbooks are introduced regarding systemic contra-
dictions and congruencies and to contribute to the understanding of the 
digitalisation of education more generally.

The following research questions were formulated:
• What contradictions emerge in teachers’ planning and implemen-

tation of classroom activities with a digital mathematics textbook? 
• What contradictions and congruencies emerge in teaching with 

data-driven decision support embedded in a digital mathematics 
textbook? 

• What contradictions emerge in teaching with adaptive tutoring 
functionality embedded in a digital mathematics textbook?

1.2 THESIS DISPOSITION
The thesis is divided into two parts. The first part comprises seven chapters 
and references, and the second part comprises the appended publications. 
The structure of the first part is as follows:
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1. Introduction, research aim, and questions
2. The literature review was chosen to provide a scientific context for 

the presented research and to show gaps in the current understand-
ing of digital textbooks in teaching activities. This chapter covers a 
historical overview of the development of educational technology, 
adaptive learning technologies regarding intelligent tutoring sys-
tems, data-driven decision-making addressing teacher dashboards, 
and finally, paper textbooks and digital textbooks and their role in 
mathematics education.

3. The analytic perspective of Activity theory is used to explore and 
understand teaching with a digital mathematics textbook. Key 
concepts used to analyse teaching activities mediated by technol-
ogy are described and central concepts in formative interventions, 
in terms of Change Laboratory, are adressed.

4. Research design and methods outline the overall strategy used to 
address the research questions and methodological approaches.

5. Summary of studies includes the four appended publications.
6. Synthesis of the contributions of the studies presents the conducted 

research.
7. Discussion addresses findings regarding mathematics education 

and teaching mathematics and methodological reflections.

1.3 APPENDED PUBLICATIONS
This thesis is based on the following publications:

I. Utterberg, M., & Lundin, J. (2017). “What is the benefit of 
that?” Mathematics Teachers’ Motives in Discarding Digital 
Technology in their Teaching. Selected Papers of the IRIS, 8, 
76–88.

II. Utterberg M, Tallvid M, Lundin J, & Lindström B. (2019). 
Challenges in mathematics teachers’ introduction to a digital 
textbook: Analyzing Contradictions. Journal of Computers in 
Mathematics and Science Teaching, 38(4), 337–359.
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III. Utterberg, M., Tallvid, M., Lundin, J., & Lindström, B. (2021). 
Teacher Dashboards as Decision Support in Digital Mathemat-
ics Textbooks – Contradictions and Congruencies. Manuscript in 
preparation.

IV. Utterberg Modén, M., Tallvid, M., Lundin, J., & Lindström, B. 
(2021). Intelligent Tutoring Systems: Why Teachers Abandoned 
a Technology Aimed at Automating Teaching Processes. In Pro-
ceedings of the 54th Hawaii International Conference on System 
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CHAPTER 2

RELATED RESEARCH

The following research overview presents a scientific context and shows the 
gaps in and current understandings of digital mathematics textbooks. First, 
a historical summary of the development of educational technology for 
visions and experiences is provided. Some technical features are explained 
to elucidate prevailing conditions at times described, but the main purpose 
is to highlight the intended ideas for teaching with technology and expe-
rienced consequences. Second, research on teaching with adaptive tutor-
ing functionality regarding intelligent tutoring systems is reviewed. Here, 
technologies typically include adaptation informed by advanced software. 
Third, research on teaching with data-driven decision support concerning 
interactive online platforms that collect student data visualised for teachers 
on dashboards are reviewed. Finally, attention is turned to paper textbooks 
and digital textbooks and their roles in mathematics education.
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2.1 FROM TEACHING MACHINES TO DATA-
DRIVEN TECHNOLOGY

In the 1950s, the idea of making education more efficient through machine 
instruction came to light. One of the proponents was Psychologist B. F. 
Skinner. He constructed a teaching machine based on operant condition-
ing, which means that learning is viewed as a change in a student’s behav-
iour. This change could be conditioned by the controlled steps of rein-
forcement and rewards. The topic the student would learn was presented 
in a pre-programmed rule-based linear sequence in a “set of frames”. The 
student worked through the material step by step and proceeded from 
one frame to the next at his/her own speed. An immediate response was 
received to inform the student if the answer was correct or incorrect. A 
student working on the machine saw a frame with a text, including a miss-
ing word or symbol, to be learned. Then, the student wrote a response on 
a paper strip and lifted a lever to see the correct answer, and the response 
was concurrently covered by transparent material. If the answer was cor-
rect, the frame was marked with a hole to avoid appearing again, and a 
new frame became visible (Skinner, 1958; 1974).

Teaching machines gave students control over pace but did not meet 
their different needs. All students received the same material in the same 
sequence. Attempts with computers were made to overcome these limi-
tations, using the students’ answers to make adaptations to the teaching 
material. This was made possible by branched programming instead of 
previous linear sequences. It was still a fixed number of frames, but student 
responses were used to control the frames shown to the student. The stu-
dent was given frames containing learning material with more information 
and answered multiple-choice questions. The student proceeded through 
the material and if an answer turned out to be wrong, the programme 
could branch into another frame, giving the student added information to 
facilitate a correct answer (Crowder, 1959; Nwana, 1990).

Meanwhile, computer-aided instruction (CAI) technology was still 
based on determined sequencing. Frames with pieces of text, questions, 
and correct answers were entered in advance by the teacher. The students 
were rather passive, and they could take no initiative in the interaction 
with the computer. The emphasis was on symbolic computation, based on 
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the idea that teaching could be achieved with logical machines manipulat-
ing symbols according to rules (Fischetti & Gisolfi, 1990; Franklin, 2014).

In the early 1970s, Carbonell (1970) proposed the idea of generative 
CAI. To do this, he created computer programmes, including AI, which 
was given the name SCHOLAR. The purpose was to create a CAI with 
the capability of conducting mixed-initiative dialogues between students 
and computers. The programme could generate text and questions. It also 
answered students’ questions, which allowed them to take the initiative. 
The programme did not use frames but drew questions and answers from 
its own knowledge domain, a so-called semantic network. The underlying 
idea is that a concept, represented by a node, gains meaning through its 
relationships with other concepts (Franklin, 2014). SCHOLAR is consid-
ered the first intelligent tutoring system (Herder et al., 2017).

However, learning is not just about answering questions. In a classical 
article, Erlwanger (1973) showed the system’s inability to understand a 
student’s thinking process and ensure that a real understanding of the sub-
ject matter has been acquired. He proved a noncausal relationship between 
correct answers to questions and understanding a topic. Also, he stressed 
the risk of neglecting conceptual understanding in favour of procedural 
knowledge. Self (1974) brought up the quality of instruction and stressed 
that a tutoring system must include teaching skills. Therefore, it should 
know how to teach, what is taught, and who is taught. Self believed that 
the only way to achieve this was to use AI.

At the beginning of the 1980s, there was increased interest in the use 
of computers in schools. Microcomputers were introduced, and a bright 
outlook was predicted (Reiser, 2001). The idea that computers should 
be designed for learning was split into two emergent strands, focusing 
on instruction or student exploration. On the one hand, software was 
designed to deliver existing curricula and presented to students in forms 
that would optimise their learning. Intended implications can be illus-
trated by Skinner’s words (1984), who referred to an experiment in which 
eighth-grade students used computers to learn mathematics: “…with 
teaching machines and programmed instruction one could teach what is 
now taught in American schools in half the time with half the effort” (p. 
948). However, Dreyfus and Dreyfus (1986) argued that computers cannot 
think intuitively and thus become experts since machines lack situational 
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understanding. The authors proposed a five-step model of skill acquisition 
in which expertise grows in stages, from rule-governed thinking to embod-
ied expertise based on previous situations. Hence, computers cannot go 
beyond step three to become an expert. This means that computers work 
against goals and prioritise alternatives to reach them, but do not think 
intuitively. Consequently, they concluded that computers cannot replace 
teachers’ expertise:

Behind the hope that computers can aid or even replace teachers is the 
idea that the teacher’s understanding of both the subject being taught 
and of the profession of teaching consists in knowing facts and rules, 
the job of a teacher being to make the domain-specific facts and rules 
explicit and convey them to the student, either by drill and practice 
or by coaching, depending on the complexity of the subject to be 
taught. If that were indeed the way the mind works, the teacher could 
transfer his facts and rules to the computer, which could replace him 
as drill sergeant and coach. But since understanding doesn’t consist of 
facts and rules, the hope that the computer will replace the teacher is 
fundamentally misguided (pp. 132-133).

On the other hand, there was a desire to redefine and change what math-
ematics could be and how it could be learned (Noss & Hoyles, 1996). In 
this time, Seymor Papert’s thoughts become widely influential. His vision 
was that students would build another kind of knowledge while they took 
action and engaged in construction culture. Hence, Papert created the 
LOGO programming language together with the turtle robot/cursor. The 
turtle is a physical robot with a pen or cursor on a screen, writing lines 
and figures to solve problems. The students give commands in LOGO to 
control the turtle. LOGO was designed to be a tool for exploration and 
to allow students to express, articulate, and reflect on ideas. The intention 
was to allow students to participate in a creative, enquiry-based learning 
environment (Papert, 1980).

In the early 1990s, technology development allowed computers to visu-
alise representations (such as number lines, tables, graphs, and depictions of 
physical objects) and to construct links between different representations. 
It became possible to reconfigure a presentation in response to the needs 
of a student. An appropriate representation could be presented at a par-
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ticular moment, for a particular purpose, and based on the task’s demands. 
Kozma (1991) concluded in a review that computers can help students 
build or refine mental models. Students would benefit from manipulat-
ing representations to work out the differences between their incomplete 
and inaccurate mental models and the formal principles represented in 
the computer. In the 1990s, the Internet and multimedia were developed, 
which led to an interest in using them for educational purposes. Technol-
ogy that takes advantage of multimedia features makes it easier to design 
more complex interactions between students, other people, and instruc-
tional content (Reiser, 2001). Computer applications were designed to 
gather students and provide creative activities to generate social interaction 
and intellectual exploration. Hence, the role of computers was to support 
learning processes by delivering media for communication and scaffolding 
interaction between students and teachers, so-called Computer-Supported 
Collaborative Learning environments (Koschmann, 1996).

One consequence of the widespread use of educational technologies 
is the production of vast amounts of data on student work. The collec-
tion and use of data have increased in interest, based on the idea that 
student data can be used to help advance our understanding of student 
learning and enable more interactive, engaging, and effective education 
(Koedinger et al., 2013). In a symposium held twenty years ago, Minsky, 
and colleagues discussed how AI could be a powerful future system. They 
had a vision that is still relevant until today’s discussion about educational 
technologies:

It would help you by telling you what to read, stepping you through 
solutions, and teaching you about the subject in other ways it found 
to be effective for you. Textbooks then could be replaced by systems 
that know how to explain ideas to you in particular, because they 
would know your background, your skills, and how you best learn 
(Minsky et al., 2004, pp. 122).

Williamson (2017) described the advent of online educational platforms 
and how diverse information about students can be gathered and trans-
formed into digital data. This data harvesting process can be integrated 
into students’ work as they increasingly use digital technology for learn-
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ing. The author further stressed how this can lead to data-driven educa-
tion, where data are analysed and used as a resource to inform teaching 
and learning. Luckin et al. (2016) described what digital systems could 
ultimately offer data-driven education in adaptive learning environments 
and tools for teacher support. Such ambitions echo and align well with 
the ideas proposed decades before by Minsky et al. (2004) and even with 
the challenges described by Dreyfus and Dreyfus (1986). The following 
sections discuss teaching with adaptive tutoring functionality, data-driven 
decision support technologies, textbooks, and digital textbooks. 

2.2 TEACHING WITH ADAPTIVE TUTORING 
FUNCTIONALITY

Adaptive tutoring technologies are seen as a promising tool for customis-
ing education at the personal level, leveraging the possibilities of automat-
ing both instructions and feedback (Han et al., 2019; Baker et al., 2019; 
Huang et al., 2016). For example, in China, the large-scale implementa-
tion of AI and individualised tutoring has been initiated at the state level, 
as defined in formal policy documents. Hence, the Chinese government 
supports the broad application of AI in education, and EdTech companies 
explore how AI can change education through deeply individualised edu-
cational activities (Hao, 2019). The goal is to target each student’s chal-
lenges as precisely as possible to effectively guide the student and adjust 
instruction accordingly. To do so, the companies, in collaboration with 
master teachers, increased granularity and modularised the school subjects 
into small conceptual pieces. These pieces are then, in turn, possible to 
relate to particular learning activities for the students. In such an edu-
cational system, it is envisioned that students learn individually through 
intelligent tutoring systems and teachers acting more as coaches (Yang, 
2019). 

Adaptive tutoring technologies regarding intelligent tutoring systems 
(ITS) are designed to simulate one-to-one human tutoring using AI tech-
nology. They are intended to automate some teaching processes and opti-
mise students’ learning (Almasri et al., 2019; Williamson & Eynon, 2020). 
To do so, ITSs need to address important indicators of learning to provide 
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individualised instructions and generate immediate feedback. This occurs 
on two levels: an outer loop and an inner loop. ITS outer loop guides stu-
dents through instructions and appropriate tasks. The inner loop iterates 
over steps in the solution process of a single task (Koedinger et al., 2013). 
ITSs can support many forms of adaptivity, and some systems are more 
adaptive than others. Therefore, adaptation to students depends on differ-
ent factors, e.g., learner characteristics, granularity, and time scales (Aleven 
et al., 2017). 

An ITS can be understood as structured by three integrated models: 
(a) domain model, (b) learner model, and (c) tutor model (Graesser et al., 
2018). In other words, what is being taught, who is being taught, and how 
to teach (Self, 1974). In some cases, a user interface model is included in 
the structure. The domain model (also termed the expert model) contains 
the subject that should be learned and what to be taught. The model acts 
as an expert and presents content knowledge for students, evaluates stu-
dents’ performance, and detects misunderstandings or errors. The model 
considers concepts, representations, interrelations, skills, and correct solu-
tions. The learner model (or student model) traces a student’s interactions 
with the system and monitors the learning process. The model covers stu-
dent features, prior knowledge, and behaviours to represent the student 
dynamically at a fine-grained level. At any moment, if a student’s solution 
captured by the learner model differs from the domain model, the sys-
tem recognises that an error has occurred. The tutor model (pedagogical 
model) contains pedagogical knowledge of how to teach and handles the 
adaptation process. The tutor model interacts with the domain model and 
the student model and chooses how the system will communicate with the 
student. Finally, the user interface model enables interaction between the 
student and the ITS.

ITS research is expansive and multidisciplinary. In the last few years, 
some reviews on different perspectives of ITS have been conducted (see, for 
example, Alkhatlan & Kalita, 2018; Almasri et al., 2019; Mousavinasab et 
al., 2021). Guo et al. (2021) found that the most common recent research 
areas are interactive learning environments, student modelling, teaching/
learning strategies, and machine learning. There have also been attempts to 
determine the quality of ITSs concerning learning outcomes. Du Boulay 
(2016) summarised seven meta-reviews that compared students’ learning 
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outcomes when using intelligent tutoring systems with more traditional 
teaching methods. The reviews took place in formal education between 
2011–2016 and included about 180 studies. Most of them focused on 
mathematics or STEM subjects. Taken together, they indicated that ITSs 
performed well compared to a teacher working with a whole class, but not 
as well as a teacher working with an individual student. A breakdown of 
the results showed that increased granularity in the step-based system (pro-
viding feedback at each step when a task is solved) compared to answer-
based systems (providing feedback at the level of the overall answer) added 
value to students’ results (VanLehn, 2011). Further, Steenbergen-Hu and 
Cooper (2014) drew attention to the importance of technology integra-
tion in their meta-analysis. They explained the teacher strategies and peda-
gogy used in the classroom concerning the effectiveness of ITSs on student 
results. Du Boulay (2016) concluded that the review supports a blending 
strategy in which ITSs and other forms of teaching are combined and 
orchestrated by the teacher.

Some studies have raised concerns about student agency and their pos-
sibilities to take dialogue initiative. These discussions emphasise that ITSs 
lean toward being instruction-centred than student-centred. The ITS will 
follow a pedagogical method in which the student passively accepts the 
given information and thus is constrained by a lack of options (Graesser 
et al., 2018; Wilson & Scott, 2017). Others point to the risk that an over-
estimation of technology leaves out the important role of the teacher in 
classroom settings, and that students working with ITSs may spend too 
much time individually in front of a screen with a lack of human interac-
tion (Bunting et al., 2020; Schiff, 2020). It is articulated that teachers use 
a richer array of social strategies compared to the available teaching strate-
gies in ITSs (Du Boulay & Luckin, 2016; Murphy, 2019). Teachers apply 
communicative skills in their everyday work when they, for example, moti-
vate, listen, argue, plead, and persuade students. This pedagogical expertise 
is still lacking in technology (Yang et al., 2021). 

Emerging ITSs are designed to understand learner behaviour with 
statistical interference (conditional probability). Machine learning that 
builds mathematical algorithms from user data can allow the system to 
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adapt to the student, identify what works, and improve themselves over 
time (Baker, 2016). The development of AI has moved from simulating 
human intelligence and programmable expert systems to “data-processing 
systems that can learn and make predictions from classifying and correlat-
ing huge quantities of big data” (Williamsson & Eynon, 2020, p. 223). 
Attention is then directed towards open-ended systems rather than expert 
systems based on rules that allow students to take different learning path-
ways. This means that they can vary their learning strategies and give 
adaptive feedback. There is also a focus on systems expected to support 
self-regulation, problem solving, and collaboration (Herder et al., 2017; 
Koedinger et al., 2013). However, Baker (2016) argued that those systems 
still have not made their way to everyday classrooms, and that ITSs used 
at scale in education are generally not the powerful, flexible systems they 
could be. Results from a review of 47 papers conducted by Roll and Wylie 
(2016) and a systematic review of 70 publications conducted by Xie et al. 
(2019) noted a major focus on students learning content knowledge with 
computers using step-based problems. 

Du Boulay (2019) highlighted that pedagogy operates at both the screen 
level and classroom level. At the screen level, the interaction between the 
system and the individual student is influenced by embedded pedagogy 
and how adaption to the learner is achieved. At the classroom level, the 
ITS is orchestrated in a wider context by teachers and integrated with 
other classroom activities. Du Boulay (2019) argued that it is important 
to consider both the pedagogy embedded in the ITS and how teachers use 
the system. Thus, it seems to be a lack of studies that address integration 
with teaching practices and existing educational resources. Roll and Wylie 
(2016) noted that “teachers were often viewed as on-site technical support 
and guardians of their students” (pp. 593). Hence, researchers point to a 
lack of knowledge of how to integrate ITS with teacher-led instruction 
to create a good learning environment for students and stress a need for 
mutual communication among teachers, educational scientists, and com-
puter experts (Bartolomé et al., 2018; Graesser et al., 2018; Tuomi, 2018; 
Zawacki-Richter et al., 2019).
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2.3 TEACHING WITH DATA-DRIVEN DECISION 
SUPPORT

There is a widespread belief that digital data can be used to further under-
stand learning and improve teaching through better informed and more 
flexible decision making. This includes interactive online platforms that 
collect data during operations, make analyses, and visualise the data on 
dashboards for teachers to make better-informed decisions more quickly 
(Schwendimann et al., 2016). The intention is that dashboards can assist 
and empower teachers in their decision making, rather than having the 
system make automated decisions (Verbert et al., 2013). 

Teachers have always strived to adapt and adjust their teaching meth-
ods based on student differences. Careful analyses of data about students’ 
learning and achievements can inform teachers to better adjust instruction 
to target individual students’ needs (Connor et al., 2018; Steven et al., 
2018). The data can be of different types, depending on the collection 
process. Informal data are typically collected through observations and dis-
cussions in classrooms, often as part of formative assessments. Formal data 
are systematically collected, typically from summative assessment results, 
separated from everyday work in the classroom (Schildkamp, 2019). Now-
adays, the use of online learning systems, where students conduct many of 
their educational activities, has resulted in the possibility of increased data 
regarding their volume, velocity, and variety (Wang & Han, 2020).

Online platforms can incorporate data gathering and present feedback 
on dashboards for teachers and students in various ways. In a review of 40 
studies, Van der Kleij et al. (2015) investigated the effects of system feed-
back on students working in a computer-based environment. The authors 
categorised feedback into three types: (1) knowledge of results that shows 
if the response is correct or incorrect, for example, the error is highlighted 
or flagged, but the correct answer is not provided, (2) knowledge of the 
correct responses, but provides the students with a correct answer if the 
answer is incorrect, and (3) elaborated feedback, which can take many 
forms but is typically hints, an explanation, or a worked-out solution of 
the correct answer. The review showed that the third type, timely elab-
orative feedback, positively affected students’ learning the most. Rezat’s 
(2021) results supported the importance of how feedback is designed, and 
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that elaborated feedback seems to support students in their further devel-
opment of the topics being learned. The study showed that when students 
were not provided with helpful information to answer a task, they started 
to guess. The author concluded that feedback should be conceptualised 
as part of a process rather than as an end result that merely presents facts. 

However, studies have shown that assessment systems often focus on 
computational and skill mastery in diagnoses for students. Choppin (2016) 
analysed eight digital mathematics textbooks and reported that they lack 
the potential to provide more nuanced aspects of students’ understand-
ing for teachers. In a review of 55 articles, Schwendimann et al. (2016) 
focused on the effects of dashboards in educational settings. The authors 
pointed out that dashboards so far are generally based on log analysis with 
data from a single platform. This parallels Cukarova et al.’s (2020) study. 
They noted that practice today mainly “rely upon logged data from digital 
platforms, which oftentimes fall short to help us accurately and timely 
interpret and account for factors influencing learning” (pp. 1441). There is 
a risk that what is considered important is driven by the data collected. If 
certain types of data are easily collected, then what is measured is decided 
by what data are available rather than other information that might be of 
higher importance for student learning (Schildkamp, 2019). 

Admiraal et al. (2020) investigated how teachers and students in a 
secondary school worked with digital feedback on a presentation tool to 
inform teaching and guide learning. The authors concluded that the teach-
ers preferred detailed information to make well-informed decisions. This 
means easily accessible overviews with quantitative and qualitative data 
of student scores, with enough details to adapt instruction to different 
student needs. In class, teachers guided by the data focused on struggling 
students and provided them with additional feedback and instruction. 
Molenaar and Knoop-van Campen (2017) examined how teachers use 
dashboards in primary classrooms. The dashboards visualised real-time 
information on students’ progress and performance. Unlike Admiraal et 
al.’s study, they showed that teachers, after consulting the dashboard, more 
often direct their actions to middle-and high-ability students. The strug-
gling students were provided individual feedback on the teachers’ initia-
tive, but not mainly driven by information on the dashboards.
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Studies focusing on developing the possibilities of learning analytics 
have predominately been oriented towards higher education, and there 
is still a lack of studies focusing on kindergarten to 12th grade (K–12) 
education (Nouri et al., 2019; Misiejuk & Wasson, 2017; Vieira et al., 
2018). Within K–12, studies have reported that teachers feel unprepared 
to engage with data that involve different information on student learning. 
In a review of 60 articles on K–12 teachers, Datnow and Hubbard (2016) 
concluded that teachers needed skills beyond assessment knowledge to 
turn data into actionable knowledge and use it effectively. It was also nec-
essary for teachers to deeply understand the subject content, curriculum 
standards, and how students learn to analyse the provided patterns of stu-
dent achievement, strengths, and weaknesses. It is also argued that given 
the different digital technologies involved in contemporary education, 
teachers will also need competencies to make sense of student data col-
lected from students’ learning activities tracked across different tools across 
physical environments (Martinez-Maldonado, 2016).

2.4 PAPER TEXTBOOKS AND DIGITAL TEXTBOOKS 
IN MATHEMATICS EDUCATION

Mathematics is a subject with a long history of strong connection to 
textbooks. It has been argued that mathematics teachers are considerably 
dependent on them, and that a major part of their teaching is based on 
them (Lepik, 2015; Remillard, 2005). Mathematics teachers rely on text-
books in many parts of their work, such as lesson planning, teaching, stu-
dent tasks, and homework assignments (Fan et al., 2013; Gracin & Matić, 
2016; Johansson, 2006; Lepik, 2015; Ulusoy & Incikabi, 2020).

A textbook can be described as a book designed to represent knowledge 
within a topic officially sanctioned and authorised in a pedagogic version 
(Gracin & Matić, 2016). Kilpatrick (2014) defined textbooks as “a book 
used for the study of a subject” (p. 3). Oates (2014) referred to textbooks 
as “rigorously-designed paper-based materials” (p. 4), which include mate-
rials for teachers and students that are carefully linked together.

Textbooks are commonly built around chapters on main mathemati-
cal topics, including texts and exercises that are structured in sequential 
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order. Texts present new content and introduce concepts, often added to 
pictures and graphs. Texts are typically followed by exercises in sets of tasks 
and activities that address different levels of students’ knowledge (Lepik, 
2015). Teachers also use other resources, such as digital web material, 
learning apps, and worksheets, but generally not as the main resource for 
teaching and learning (Gracin & Matić, 2016; Utterberg et al., 2019).

Textbooks are generally intended to align with national curricular goals 
and reflect local cultural values (Haggarty & Pepin, 2002). Teachers trust 
textbooks’ compliance with the national curriculum, and consequently, 
textbooks in this sense often replace curriculum, working as a media-
tor between the intended curriculum and the implemented curriculum 
(Johansson, 2006). However, textbooks are not only mediators between 
intention and implementation. They are also designed to be actively used 
by teachers and provide learning opportunities (Gracin & Matić, 2016; 
Viholainen et al., 2015).

Teachers play a key role when working with resources from textbooks 
and adapting how they are utilised in the mathematics classroom (Lepik, 
2015). In an analysis of 111 studies, Fan et al. (2013) found that teachers 
who used different types of textbooks took advantage of different teaching 
strategies. The authors concluded that “textbooks appear to play a role in 
teachers’ pedagogy by conveying pedagogical messages and providing and 
encouraging or discouraging curricular environment for them to employ 
different teaching strategies” (pp. 636). Thus, very likely, pedagogical 
approaches embedded in a textbook will be transformed by teachers into 
the classroom and serve as models of instruction. Hence, students’ learn-
ing processes are regulated by textbooks and implemented by teachers 
(Lepik, 2015).

In addition, educational research has reported that high-quality text-
books play a significant role in high-performing educational countries. 
They are central to the process of defining good pedagogy and effectively 
disseminating it to teachers. Hence, they free teachers up to prepare and 
improve their teaching. Research has suggested that well-designed text-
books should have mathematical coherence, connections, and variation. 
They should be closely linked to pedagogy, allow teachers to act in their 
professional spaces, and support teachers in refining their teaching (Nuf-
field Foundation, 2010; Oates, 2014; Steiner, 2017).
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2016; Johansson, 2006; Lepik, 2015; Ulusoy & Incikabi, 2020).
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order. Texts present new content and introduce concepts, often added to 
pictures and graphs. Texts are typically followed by exercises in sets of tasks 
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(Lepik, 2015).
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The textbooks have expanded to include digital resources and there 
has been a shift from simpler digital textbooks as PDFs of printed ver-
sions to digital textbooks as online platforms relying on student data. They 
are sometimes designed to assist teachers through self-adapting technol-
ogy aimed at interacting autonomously with each student, or intended to 
empower teachers’ decisions to act when planning and conducting lessons. 
Therefore, digital textbooks contain intelligent tutoring functionality that 
adapt to students’ needs and decision support systems that provide feed-
back to teachers to adapt instruction.

The nature of digital textbooks can be conceptualised in various ways 
(see table. 2.1). Kempe and Grönlund (2019) analysed and compared 
design features in collaborative digital textbooks for five brands in the 
Swedish market in 2017 and identified three types. Lew (2016) marked 
a distinction between digital mathematics textbooks and SMART math-
ematics textbooks. Pepin et al. (2016) used the concept of e-textbooks and 
introduced three different models. Pepin et al. (2017) used the term digital 
curriculum resources. Usiskin (2018, p. 852) suggested that a digital text-
book “needs to include explanations of concepts and problems for students 
to solve /…/ should be aligned with a course of study /…/ must be able to 
read on a variety of platforms”. Based on this, according to Usiskin, digital 
textbooks can have three general forms: minimal platform, hybrid plat-
form, and exclusively electronic platform. In this thesis, digital textbooks 
refer to comprehensive digital resources that contain multiple features and 
different areas of mathematics. They are meant to be used for an extended 
period, for example, during a school year, and to cover coherent and com-
plete content drawn from the national curriculum. This way of describing 
digital textbooks is similar to definitions by Grönlund et al. (2018) and the 
Swedish Institute for Educational Research (2017).
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Table. 2.1 Different kinds of digital textbooks

Reference Digital textbook Description

Kempe and Grön-
lund (2019, p. 
2922).

Type 1

A traditional textbook in digital format. Curriculum con-
text is mainly represented in written language with some 
addition of illustrations. The “collectiveness” is mainly 
employed in the production process when users inform 
the publishing house during the revision of content

Type 2

Traditional content is not only represented in written text 
and multimodal configurations but also including various 
tools for teachers to add material in an
integrated way and online feedback channels from users to 
providers.

Type 3

Learning environment focus. This is a “bottom-up” model 
where teachers provide all content using a pre-defined 
digital format, which is subject to design and research 
to become an effective learning environment. Curricu-
lum content is represented both in text and multimodal 
configurations

Lew (2016, p. 35)
SMART mathemat-
ics textbooks.

Problem-solving centred, allowing for action-based 
experience, including the interconnection of mathemati-
cal representations and support meaning-making of a 
mathematical concept.

Pepin et al. (2016, 
p. 640)

Integrative e-text-
book 

An add-on type model where the digital version of a (tra-
ditional) textbook is connected to other learning objects

Evolving or “living” 
e-textbook

An accumulative/developing model where a core commu-
nity (e.g., of teachers, IT-specialists) has authored a digital 
textbook that is permanently under development due to 
the input of other practising members/ teachers

Interactive e-text-
book

A tool kit model where the e-textbook (authored to func-
tion only as an interactive textbook) is based on a set of 
learning objects – tasks and interactives (diagram and 
tools) – that can be linked and combined

Pepin et al. (2017, 
p. 3)

Digital curriculum 
resources

Curriculum materials that are programmatic in concern: 
specifically, organised systems of digital resources in 
electronic formats that articulate a scope and sequence of 
curricular content. It is the attention to sequencing – of 
grade or age-level learning topics or content associated 
with a particular course of study (e.g., algebra) –to cover 
(all or part of ) a curriculum specification

Usiskin (2018, p. 
852)

Minimal platform A pdf of a printed textbook or very similar to one.

Hybrid platform 

Course material that is both printed and digital. Digital 
resources may include instructional video clips, assess-
ment, dynamic geometry software, or social networks

Exclusively elec-
tronic platform

A fully digital and divided in two different access oppor-
tunities available with publisher´s subscription or as a free 
open online resource.
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Clark-Wilson et al. (2020) identified four main functions for the use of 
digital technology in mathematics education: (1) as support for teachers 
to organise their work (producing worksheets and keeping grades); (2) as 
support for new ways of doing and representing mathematics; (3) as sup-
port to organise communities and connections, and for communicating 
and sharing materials; and (4) a function that supports students to work 
more independently and that focuses on practising and assessing previ-
ously taught mathematical knowledge and skills through online resources. 
Although technology provides various possibilities, teachers often find it 
difficult to evaluate digital textbooks and know how to integrate them 
meaningfully within their work (Grönlund et al., 2018; Pepin et al., 2017). 
Further, a development and implementation project for digital textbooks 
in Korea showed that teaching and assessment cultures in mathematics 
education have to adapt to take advantage of all features within digital 
textbooks (Lew, 2016).

Many teachers work with printed textbooks as basic resources, supple-
mented by digital resources (Ruthven, 2016). Teachers’ selection, adapta-
tion, and use of resources could be made more easily feasible using digital 
technology and various accessible resources (Ruthven, 2016). However, 
these opportunities also offer challenges for teachers who require skills 
and agency when navigating all available resources (Pepin et al., 2016). 
Researchers have also highlighted this regarding teachers’ work with stu-
dent data on dashboards, which was noted in the previous section. Usiskin 
(2018) emphasised that teachers need the competence to manage both 
digital and print settings and their relationships. Remillard (2016) pointed 
out that the specific characteristics of digital textbooks create challenges 
for teachers, although they concurrently give instructional opportuni-
ties. First, there is a challenge to adapt to a nonlinear structure. Digital 
textbooks offer multiple possible pathways through a mathematical topic 
rather than a single suggested learning path. Second, systems are often 
opaque to the users. Digital textbooks allow for a layered structure through 
a series of embedded links, giving opportunities to find more details; how-
ever, printed resources are often experienced as having a more visible and 
transparent structure. Finally, adapting to the richness in connections. 
Digital textbooks provide connections with internal and external resources 
in a way that is not possible with printed resources.
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CHAPTER 3

ACTIVITY THEORY

A theory not only connects shared concepts and forms a communal 
unity but also provides the power to compare, abstract, and generalise 
(Kaptelinin & Nardi, 2006). Hence, this thesis draws on activity theory 
as a lens to explore and understand teachers’ work with digital mathe-
matics textbooks. Activity theory originates from Russian philosophers 
and psychologists who focused on an activity to understand the nature 
and possibility of the mind (Bakhurst, 2009). Activity theory is based on 
Vygotsky’s notion of mediated action, which explains the development of 
human consciousness (Vygotsky, 1978). Leontiev (1981) moved beyond 
Vygotsky’s individual activity and explored mediated actions in a collective 
context. He described how the division of labour differentiates between 
individual actions and collective activities motivated by needs. Engeström 
(2015) further expanded the activity to reflect mediating conditions in 
collective activity and designed a conceptual tool as a triangle depicting an 
activity system. The triangle is often connected to empirical methods for 
modelling activity systems and organisational change.
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Activity theory provides tools for understanding technology-mediated 
workplaces (Karanasios, 2018) and can be applied to understand teaching 
activities mediated by technology. The strength of activity theory is its abil-
ity to reveal complex activity structures, such as education and embedded 
relations. In addition, activity theory supports methods that encourage 
participants (here, teachers) to be involved in discussions of work activi-
ties. Participants’ voices function as complementary competencies called 
multi-voicedness (Engeström, 2016). Following this, collaboration with 
practitioners and researchers within formative interventions based on dou-
ble stimulation enables developmental possibilities in work activities (San-
nino & Engeström, 2017).

This chapter begins with a description of the activity and its levels of 
analysis. An activity cannot be fully understood without paying atten-
tion to the different levels and how they relate. The triangular model is 
explained as a conceptual tool, and its dynamic features and dialectical 
relations will be highlighted. Further, tool mediation is introduced due 
to its central role in technology-mediated teaching activity. In addition, 
movement and change are inherent in activities, creating disturbances and 
sometimes harmony, which will be explained alongside related concepts 
to understand what motivates and shapes an activity. In the end, double 
stimulation and agency will be explained, since they are core concepts for 
understanding the implementation of the formative intervention applied 
in this work. 

3.1 INDIVIDUAL ACTIONS AND COLLECTIVE 
ACTIVITY

Individual humans participate in activities to satisfy needs that make sense 
in the social context of a shared activity. Thus, activity is an evolving his-
torical structure of mediated and collective human agency (Roth & Lee, 
2007). The activity comprises three related hierarchical levels of analysis: 
activity, actions, and operations (Table. 3.1). In this thesis, the activity of 
analysis is teachers’ work with digital mathematics textbooks. Teachers’ 
work is studied through different activities and related teaching actions 
mediated by digital textbooks.
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Table. 3.1 Hierarchical levels of activity

Level of 
analysis

Oriented 
direction Actors Durability

Explanations 
from analysis

Activity
Motive/
Object Collective Long-lasting Why

Actions Goals
Individual (or a 
group) Temporary What

Operations Conditions Individual Momentarily How

Leontiev (1981) described actions concerning their collective nature. His 
example of hunting activity illustrated how individual actions are separated 
from collective activity due to division of labour: a social group of beat-
ers and catchers participated in hunting activity to achieve the collective 
motive. The activity is mediated through tools. Individuals participating in 
an activity took separate steps (e.g., frightening, throwing, and shouting) 
with different appropriate tools (e.g., spears, arrows, and voices) motivated 
by food and fur. Those separate steps subordinated through the motive 
of activity, are actions. They are individual in nature and are character-
ised by their temporary duration and concrete act. The subject takes con-
scious actions directed towards goals but not directly related to the motive, 
although contributing to activity when striving to attain the motive. Also, 
beaters and catchers take small steps to adapt to the prevailing conditions 
under which the activity occurs, called operations. Operations are auto-
mated routines or improvisations and, therefore, unconscious. They are 
regulated by the current conditions under which a subject is striving to 
accomplish a goal, and they provide adjustments of actions (Kaptelinin 
& Nardi, 2006). Overall, the level of motivated activity explains why 
something is done. The level of goal-driven conscious action shows what 
is done. The level of unconscious operations shaped by conditions explains 
how it is done (Gedera, 2016). Notably, the three levels of activity are not 
fixed since movement and change give rise to focus shifts. Therefore, an 
operation can become an action through a breakdown situation, and an 
automated action can become an operation through learning (Bødker & 
Andersen, 2005).
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3.2 ACTIVITY AS A UNIT OF ANALYSIS
The activity system is usually visualised as a triangle representing the unit 
of analysis. The model was designed by Engeström (2015) and expands  
Vygotsky’s conceptualisation of mediation. Vygotsky (1987) recognised 
the difference between units and elements and overcame the dualism 
between the individual and social. He approached the smallest part of the 
whole, still embodying all basic characteristics, as a unit. In contrast to 
elements, that are the whole decomposed into parts. Hence, the intention 
of the triangular model is to provide a holistic and systemic perspective of 
the entire activity, while simultaneously reducing the complexity of the 
whole. This presupposes the triangle as a conceptual tool manageable for 
investigation and analysis. Furthermore, the triangular model considers 
mediating conditions to represent collective activity. Besides subject, tool, 
and object, internal relations concerning rules, community, and division 
of labour are included (Fig. 3.1) (Engeström, 2015).

Figure. 3.1. The structure of an activity system

Rules and norms control or influence actions and relations in an activity 
(Gedera, 2016). They cover explicit and implicit conditions that both ena-
ble and constrain the activity. As such, rules and norms guide the subject of 
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correct and incorrect actions. In teaching, rules can be policy documents, 
such as national curricula and assessment regulations. Norms of teaching 
practice can address how mathematics should be taught and learned. A 
community is the social context of an activity, defined through its shared 
object. Members in a community act upon the object of activity engen-
dered by a motive. In this work, teachers act upon the object of teaching 
mathematics. The community comprises teachers participating in every-
day classroom situations with their students. Teachers are also involved 
in teacher teams and school staff, which represent their communities in a 
wider sense. Participants in an activity are structured in a vertical and hori-
zontal division of labour regarding task specialisation, which affects their 
different roles and responsibilities.

Activity theory offers a multi-dimensional perspective and a systemic 
understanding of the study of human activity (Kaptelinin & Nardi, 2006). 
This means that the components of activity should be understood through 
their dynamic relations. In this thesis, the systemic approach makes it pos-
sible to understand the teaching activity interpreted by considering its 
multiple relations to various components in schools in which the digital 
textbook is embedded. The dynamic system appears through a dialectical 
relationship between the subject and object, and a change in one compo-
nent changes its relations and the system as a whole (Engeström, 2015). 
Subject and object are not separate entities but are component parts and 
mutually define one another. None of these parts can be understood apart 
from the others that contribute to defining it (Roth & Lee, 2007). Mutu-
ally exclusive entities in a dialectical relation form a new unit, and con-
currently, they are inherently distinct and irreducible to each other. This 
phenomenon emphasises their differences, which leads to inner contradic-
tions (Langemeyer & Roth, 2006; Roth & Lee, 2007). Hence, “everything 
needs to be seen both as determining and determined within its relation to 
other things, but the scope and the scale of their impact can differ” (Lange-
meyer & Roth, 2006, p. 27).
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3.3 MEDIATION
In this thesis, tool mediation plays a central role in understanding the role 
of digital textbooks and how teachers take them up. Tool mediation has 
been suggested as a helpful concept to explain technological advancements 
in workplaces and society (Allen et al., 2013; Kaptelinin & Nardi, 2006). 
Mediation is a key concept in Vygotsky’s contribution to the understand-
ing of human development. It explains how tools mediate human actions 
in the world (Vygotsky, 1978). In other words, humans do not interact 
directly with the environment; rather, they act and think through tools to 
make sense of the world. Tools can be both physical (e.g., a drawing com-
pass) and psychological (a symbolic system). Therefore, they have different 
meanings when humans engage in various forms of actions. The physical 
tool is externally oriented and influences the object of human actions, 
while the psychological tool is internally oriented, intended for humans to 
master themselves. These interactions with tools “provide humans with the 
capacity to develop new meanings of their world, and direct their thoughts 
and actions” (Pohio, 2016, p. 154). The tool influences the subject’s behav-
iour, the interaction with the environment and, subsequently, the subject 
internally (Kaptelinin & Nardi, 2006).

Mediated actions are influenced by cultural tools provided in the envi-
ronment, and the contextual use of these tools, when realising concrete 
actions. Hence, mediated actions provide a means to explicate the relations 
between humans and their surrounding environments (Wertsch, 1998). 
Tools are not neutral. As they have meanings in their functionality that 
influence how humans act, they also have embedded meanings beyond 
physical features in that they are bestowed by culture. Hence, they com-
bine material and ideal. Cultural tools carry with them successful adapta-
tions that have occurred throughout history. Also, tools have embedded 
features that can be traced to earlier experiences of using the tool for simi-
lar means. That is to say, humans who adopt the provided tools simulta-
neously adopt their meanings. Historical and cultural attributes are car-
ried with the tool, making it an accumulation and transmission of social 
knowledge. For example, a classroom bears signs of the cultural meanings 
of how we teach and learn through teaching tools and furniture arrange-
ments. Hence, mediated action is always social in that the involved tools 
are developed in social-cultural environments (Cole, 1999; Kaptelinin & 
Nardi, 2006; Wertsch, 1998).
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3.4 DISTURBANCES AND CONGRUENCIES
The introduction and integration of new tools in education, such as digital 
textbooks, is rarely a straightforward process. Novel tools often give rise 
to struggle and resistance (Selwyn, 2017). An imbalance in the activity 
gives rise to disturbances experienced by participants as problematic situa-
tions. These can be manifested in various ways, such as dilemmas and con-
flicts, and can provoke a conflict of motives. In doing so, the participants 
experienced two desirable alternatives requiring the courage of deliber-
ate choice. That is a choice between different aspects of societally shared 
beliefs, which induce incompatible thinking. Disturbances are products of 
history and are usually expressed as hesitations or obstacles taking the form 
of resistance, disagreements, and criticism. Common to disturbances are 
their meanings as discursive manifestations. They can be experienced dif-
ferently by the participants, but they have shared roots in contradictions in 
the activity (Engeström & Sannino, 2011; Sannino & Engeström, 2017).

Contradiction is a key concept within activity theory, both to under-
stand problems and as a source of development and change. Contradic-
tions are historical evolving structural tensions related to each other in 
and between dynamic activity systems (Engeström, 2001). Kuutti (1996) 
described contradictions as “a misfit within elements, between them, 
between different activities, or between different developmental phases of 
a single activity” (p. 34). In other words, the concept of contradictions is 
a systemic disturbance at the activity level. The critical point is that con-
tradictions must be revealed through their manifestations and cannot be 
identified directly. Contradictions are becoming recognised at the action 
level when individual participants of an activity express and frame them in 
words and actions. However, they cannot be reduced to individual’s talk 
and experiences. It is important to realise that analyses of disturbances and 
contradictions are on different levels. In this thesis, teachers experience 
disturbances at the action level, but they are rooted in underlying systemic 
contradictions at the activity level. This means that analyses of contradic-
tions can expose the core of disturbances (Engeström & Sannino, 2011).

Sometimes, new tools lead to a change in the activity. It becomes a tem-
porary balance in the activity and adaptation of the new tool coordinate 
actions. Under these circumstances, the relationship between tools and 
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work activity shapes harmony and normalisation. This phenomenon could 
analytically be explained with the concept of congruencies (Allen et al., 
2013; Karanasios & Allen, 2014). In this work, congruencies are identified 
in relations between a digital textbook and teachers’ work when teachers 
have found opportunities and new ways of working. 

3.5 NEEDS, OBJECTS, AND MOTIVES
Humans have their different needs that can be met by participating in 
activities. Needs are more or less conscious and not clearly definable (Foot, 
2002). From a teacher’s perspective, a need could be better assessment 
methods or an increased understanding of the subject content. Further, 
needs can be connected to more underlying needs, such as a passion for 
learning, developing a career, or obtaining income for life necessities. 
Human activities result from “the linking of fundamental needs with the 
tools used for their fulfilment” (Allen et al., 2011, p. 782). 

In the activity system, subjects in a community strive to transform the 
object through mediating tools to achieve an outcome conditioned by 
rules and the division of labour. The object motivates and directs activity, 
giving meaning to human actions (Kaptelinin & Nardi, 2006). All human 
activities are inherently object-oriented. Activities are coordinated around 
objects that also separate activities from each other. Hence, the activity 
is defined by its object. The object of activity is described by Leontiev 
(1978) as the true motive. Accordingly, an object is a motivational force 
that opens up opportunities, ideas, and possible actions. 

Participants orient towards an object to satisfy needs. When a need 
meets its object, the need itself transforms; it becomes objectified. At this 
point, the object becomes a motive. From that moment on, the need stim-
ulates and directs the subject (Kaptelinin & Nardi, 2006). The object is 
twofold. First, as an independent existence in its material entity in the 
present state. Second, it is a product of the subject’s reflection as an image 
or vision of the object in the future (Roth & Lee, 2007). In other words:

Because of it links to human needs, an object is a historically develop-
ing entity that is never fully attained or complete. As a general entity, 
it resembles a vision, often utopian, that however, finds concrete 
instantiations in everyday life (Sannino et al., 2016, pp. 602).

47

The object is a collective cultural construction, being an unconscious col-
lective orientation that is perceived as a sense-maker (Kaptelinin, 2005). 
The object is not arbitrarily constructed; rather, it is shaped by historically 
accumulated collective experiences embedded in mediating tools (Foot, 
2002). The object is enacted and reconstructed but never fully reached. It 
is open to modification and can be transformed by the participants. The 
object is emergent, dynamic, and constantly in transition. New needs or 
conflicts open up to object formation and may require the reconfiguration 
of the object (Sannino et al., 2016).

3.6 DOUBLE STIMULATION AND AGENCY
Vygotsky introduced the concept of double stimulation, which charac-
terises humans’ abilities to change their circumstances (Sannino, 2015). 
A subject faced with a problematic situation serves as the first stimulus 
that triggers a conflict of motives. Teachers face conflicts of motives when 
teaching with a digital mathematics textbook and need to respond to this 
to carry out what, for them, is accepted as satisfactory teaching. The sub-
ject is provided with an external artefact, a second stimulus, which serves 
as an auxiliary means to enhance the action and facilitate the resolution 
of the problem. The interaction between subject and object is dialectical; 
however, the ability to choose and act upon the object is a feature of the 
subject. Hence, subjects endowed with the power to act and use tools have 
agency. Agency can be defined as the “ability and need to act” (Kaptelinin 
& Nardi, 2006, p. 33) or “a transformative and relational process of 
breaking away from the given frame of action and taking the initiative to 
transform it” (Sannino & Engeström, 2017, p. 60). As teachers were not 
restricted to use a digital textbook, they turned to other tools when they 
faced a problematic situation and needed to act, which is an example of 
agency.
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transform it” (Sannino & Engeström, 2017, p. 60). For example, teachers 
working with a digital textbook may resist using them if they are faced 
with problematic situations and integrate other tools into the teaching 
activity, which can illustrate agency.
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CHAPTER 4

RESEARCH DESIGN AND METHOD

Studying teaching with technology involves studying a complex educa-
tional environment (Selwyn, 2017). Hence, teaching activities comprise 
dynamic relations intertwined with technology and are, in this work, 
understood by considering their systemic implications. Activity theory 
as an analytical and methodological approach has provided concepts that 
guide the specific methods used to generate and analyse data. Activity the-
ory allows for analysing data from real classroom settings and suggesting 
changes for development when contradictions arise in those settings (Roth 
& Lee, 2007). This chapter begins with a description of research design. 
The next section introduces an outline of the four studies in this thesis. 
This is followed by approaches and justifications for data generation and 
analysis. Finally, this chapter concludes with ethical considerations for this 
research.
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4.1 RESEARCH DESIGN
The initial study (Study 1) was conducted to understand mathematics 
teachers’ reasons for discarding digital tools in their teaching. The teach-
ers in this study defined themselves as occasional users of digital tools. 
The results of this study have served as a background for the following 
studies, as it provided teachers’ perspectives on teaching with digital tools. 
To explore teaching with digital mathematics textbooks, it was considered 
important to conduct the research in authentic settings in collaboration 
with teachers. 

In Study 2, a six-week intervention was implemented to explore the 
introduction of a digital mathematics textbook. This provided possibili-
ties to elicit and understand the change in real situations (DeVaus, 2001). 
Interventions that are conducted in collaboration with teachers provide an 
opportunity to address teachers’ perceived needs and their reflections of a 
meaningful challenge in their teaching when a new technology is intro-
duced (Engeström, 2008). Teachers who normally used a paper textbook 
with additional digital resources were motivated to replace the paper book 
with a digital textbook. Results of this study were further investigated in 
the following two studies.

The results of Study 2 disclosed conflicted experiences for teachers 
engaged in data-driven decision-making. To understand this more deeply, 
the third study (Study 3) was intended to explore teachers’ ongoing teach-
ing with data-driven decision support embedded in digital mathematics 
textbooks. This study addresses mathematics teachers who are experienced 
users of digital textbooks and who integrate dashboards into their regular 
teaching routines. 

Also, drawing on the results of Study 2, it was revealed that adaptive 
tutoring functionality generated problematic situations for the teachers. 
An intervention (Study 4) was conducted to purposefully introduce and 
promote the integration of a digital mathematics textbook, including adap-
tive tutoring functionality. Change Laboratory is a research method and 
offers a set of instruments (Virkkunen & Newnham, 2013) or a toolkit 
(Engeström, 2011) for formative interventions to support collaborative 
learning. This means that outcomes from a Change Laboratory are collec-
tively designed by participants as they develop and work out new solutions 
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to contradictions in their activity system. A Change Laboratory was part of 
a two-year project that lasted from 2019 to 2021. The project, AI and digi-
tal mathematics – new possibilities for teaching and learning, was commis-
sioned by the Swedish government. It was a ULF initiative aimed at devel-
oping and testing sustainable collaboration models between academia and 
schools. ULF stands for Utveckling (Development), Lärande (Learning), 
and Forskning (Research). This project involved cooperation between the 
university and two municipalities, with support from an EdTech company 
providing free subscriptions for the participating schools to a digital text-
book and technical support.

The sequence of the research design and the timeline of the studies 
are shown in figure 4.1 and the details of the research studies are summa-
rised in table 4.1. All participating teachers work in Swedish compulsory 
schools, which include students aged 6 to 15.

Figure 4.1 The sequence of the research design and the timeline of the studies

4.2 METHODS AND DATA IN RESEARCH STUDIES
An overview of the included studies is provided and summarises the details 
of each study. 
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Table 4.1 Overview of the studies in the thesis.

Studies Aim Method and data Participants Outcome
Study 1 
Febr–April 
2016

To understand 
mathematics teachers’ 
reasons for discarding 
digital tools in their 
teaching

In-depth interviews

Transcripts of approximately 
10 hours of audio-recorded 
interviews. 

Ten mathemat-
ics teachers in 
six compulsory 
schools in a 
municipality.

Publication I
“What is the benefit of 
that?” Mathematics Teach-
ers’ Motives in Discarding 
Digital Technology in their 
Teaching.

Study 2 
April–June 
2017

To explore introduc-
tion of a digital math-
ematics textbook.

Focus group interviews and 
observations

Transcripts of approximately 
four hours of audio-recorded 
focus group discussions.
Fieldnotes from approxi-
mately five hours of work-
shops.
Fieldnotes from 13-hour 
observations in classrooms.

Seven math-
ematics teachers 
in a school with 
students aged 6 
to 15.

Publication II
Challenges in mathematics 
teachers’ introduction to a 
digital textbook: Analyzing 
Contradictions.

Study 3
Jan–Dec 
2018

To explore ongoing 
teaching with data-
driven decision sup-
port with dashboards 
embedded in digital 
mathematics textbooks

Interviews and observations 
in classrooms 

Transcripts from approxi-
mately eight hours of video-
recorded interviews.
Fieldnotes from 12-hour 
observations in classrooms.
Transcripts from approxi-
mately six hours of video-
recorded follow-up inter-
views.

Eight math-
ematics teach-
ers teaching 
students aged 
10–15, working 
in five differ-
ent schools 
geographically 
dispersed in 
Sweden.

Publication III
Teacher Dashboards as 
Decision Support in Digi-
tal Mathematics Textbooks 
– Contradictions and 
Congruencies.

Study 4
Aug 2019–
Jan 2020

To explore the chang-
ing conditions that 
arise when teach-
ers introduce and 
integrate a digital 
mathematics textbook, 
including adaptive 
tutoring functionality.

Change Laboratory interven-
tion 

Transcripts from approxi-
mately 24 hours of video-
recorded Change Laboratory 
sessions.
Fieldnotes from 24-hour 
observations in classrooms.
Transcripts from approxi-
mately four hours of audio-
recorded group work.

16 mathemat-
ics teachers in 
two secondary 
schools with stu-
dents aged 13 to 
15. The schools 
are located in 
two different 
municipalities in 
Sweden.

Publication IV
Intelligent Tutoring 
Systems: Why Teachers 
Abandoned a Technology 
Aimed at Automating 
Teaching Processes.
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The methods used in the different studies are more closely described as 
follows.

4.2.1 THE FIRST STUDY

Interviews were conducted to better understand how teachers describe 
their motives and actions when teaching mathematics. Rich data from 
people’s reasoning about a certain phenomenon can be generated through 
interviews. An in-depth interview can uncover teachers’ viewpoints and 
explore them in further detail (Brinkman & Kvale, 2015). An interview 
guide covered five main areas. First, demographic questions provided 
information about the subjects’ teaching certification, experience, profes-
sional development, and available technology. Second, this area addressed 
teachers’ perspectives of teaching and learning mathematics. The teachers 
were encouraged to describe a lesson they had had with which they were 
very pleased and to elaborate on their views of important teaching and 
learning conditions. Third, this area centred on different aspects of tools 
related to teaching and learning mathematics, such as experiences with dif-
ferent technologies and how and why technology is used. Fourth, this area 
focused on national policy regarding digital tools in mathematics educa-
tion. Finally, the teachers were allowed to address anything they believed 
was important but not discussed during the interview. With interview 
methods, there is a risk that answers from participants will be affected 
by biases through, for example, leading questions or expected answers. 
Therefore, the researcher has to rely on the fact that participants accurately 
express their opinions on the topic discussed (Rubin & Rubin, 2012). 
To avoid bias,  the interviews addressed teachers’ concrete and practical 
descriptions of their actions. The interviews were audio-recorded and tran-
scribed verbatim. 

4.2.2 THE SECOND STUDY

Seven teachers participated in a six-week intervention. The study relied on 
data generated from two sources: focus group interviews and observations.

A focus group interview was employed to consider the teachers’ col-
lective experiences and concerns before introducing a digital textbook. In 
focus group interviews, interactions among participants are of particular 
value to facilitate the emergence of attitudes and beliefs when more lively 
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Table 4.1 Overview of the studies in the thesis.

Studies Aim Method and data Participants Outcome
Study 1 
Febr–April 
2016

To understand 
mathematics teachers’ 
reasons for discarding 
digital tools in their 
teaching

In-depth interviews

Transcripts of approximately 
10 hours of audio-recorded 
interviews. 

Ten mathemat-
ics teachers in 
six compulsory 
schools in a 
municipality.

Publication I
“What is the benefit of 
that?” Mathematics Teach-
ers’ Motives in Discarding 
Digital Technology in their 
Teaching.

Study 2 
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To explore introduc-
tion of a digital math-
ematics textbook.
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Transcripts of approximately 
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Study 3
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port with dashboards 
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Transcripts from approxi-
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views.

Eight math-
ematics teach-
ers teaching 
students aged 
10–15, working 
in five differ-
ent schools 
geographically 
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municipalities in 
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Aimed at Automating 
Teaching Processes.
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The methods used in the different studies are more closely described as 
follows.

4.2.1 THE FIRST STUDY
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and spontaneous views are brought forth (Brinkman & Kvale, 2015; Dil-
shad & Latif, 2013). The group interviews focused on the teachers’ current 
teaching methods with a paper textbook, what a digital textbook could 
provide for the teaching, and the possible consequences.

Following the focus group interview, workshops for the teachers were 
arranged to; 1) present content, structure, and possible applications in the 
digital textbook; 2) set up student accounts; 3) provide lesson plans; and 
4) help teachers to manage basic features necessary to work with the digital 
textbook.

During the implementation of the digital textbook, participant obser-
vations were conducted, driven by the intention to investigate situations 
in a natural context (Cohen et al., 2018). The purpose was to observe 
the teachers’ planned and unplanned actions, mediated by a digital text-
book. The researcher’s role was as an observer-as-participant (Cohen et 
al., 2018). Accordingly, the researcher actively interacted with the partici-
pants. The researcher walked around the classroom taking fieldnotes and 
also helped teachers and students when issues arose. Mostly the issues con-
cerned technical difficulties, managing the digital textbook, and students 
struggling with math tasks. The fieldnotes comprised short phrases and 
sentences written down in a notebook between interactions with teachers 
and students in the classroom.

During observations and shortly thereafter, informal unstructured 
interviews took place. According to DeWalt and DeWalt (2011), an infor-
mal, unstructured interview is more like a casual conversation. Hence, the 
researcher follows the participant’s lead and reflects on aspects that are sali-
ent in the conversation. Some salient aspects were more interesting than 
others concerning the object of study, and questions were asked for clari-
fication or increased understanding. The conversations were documented 
as part of the fieldnotes.

To validate the researcher’s interpretations and increase understanding 
of the observed teaching activities, two focus group interviews were con-
ducted at the end of the intervention. The three focus group interviews in 
this study were audio-recorded and transcribed verbatim.
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4.2.3 THE THIRD STUDY

The eight participants were selected through purposive sampling to 
access “people” with in-depth experience (Cohen et al., 2018). Interviews 
and observations can provide a detailed description of teachers’ everyday 
situations (De Vaus, 2001), and this study relies on data generated in three 
steps.

First, a guide for semi-structured interviews was designed. Besides back-
ground questions, it covered open questions about the dashboards’ layout 
and different features in the digital textbook, the teachers’ work with stu-
dent data generally, and teachers’ work with real-time data presented on 
dashboards. The interviews were held at the participating teachers’ work-
places. The teachers used their own computers that they use in everyday 
work to recall real situations when they demonstrated and explained their 
actions when teaching with data-driven decision support. Teachers’ com-
puter screens were video-recorded, and the talk was transcribed verbatim. 
A data analysis provided teachers’ perspectives on opportuinities and chal-
lenges, which informed the second step in data generation. 

Second, a protocol was designed in advance of observations in the class-
rooms. The observation protocol included lesson structure, interactions 
between the teacher and the digital textbook, and the teachers’ interactions 
with students. The researcher made short comments in the protocol that 
provided enough information to recall teacher actions aimed to reflect on 
during a follow-up interview. The role of the researcher was moderate par-
ticipation (DeWalt & DeWalt, 2011). The researcher walked around the 
classroom, sometimes asked questions to teachers and students, and tried 
not to disturb the teaching.

Finally, follow-up interviews were conducted shortly after the observa-
tions in classrooms. These were used to confirm (or modify) the research-
ers’ interpretations and understandings of the data.
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4.2.4 THE FOURTH STUDY

The intervention comprised two parallel Change Laboratories at two 
schools for six months. In an iterative cycle (Fig. 4.2), researchers and 
teachers participated in Change Laboratory sessions, and the researchers 
carried out observations in the teachers’ classrooms. Additionally, research-
ers, teachers, and principals participated in workshops to share knowledge 
and generate ideas between the schools based on jointly identified needs.

Figure 4.2. The iterative cycle of the Change Laboratory

The Change Laboratory was organised around recurring sessions with the 
participating teachers led by the researchers. The sessions followed the 
phases of the learning cycle (Figure 4.3), which went on for half a year and 
comprised sex sessions. In the first phase of the cycle, mirror material was 
presented to the teachers to highlight problematic situations and to ques-
tion these situations. Results from Study 2 and later phases were used as 
mirror material, which highlighted that the adaptive tutoring functionality 
in the digital textbook gave rise to potentially contradictory situations. The 
teachers questioned the premises of the adaptive system and its influences 
on their work, which led to a problem to resolve, i.e., a first stimulus. In the 
second phase, the analysis, an activity system model, was used to visualise 
the teaching activity with adaptive tutoring functionality. To proceed with 
the development work, a second workshop was undertaken to deepen the 
action of questioning and analysing. The teachers attended lectures on dif-
ferent aspects of AI and adaptive systems. They also participated in group 
work across the two schools. In the third phase, modelling a new solution, 
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it turned out that it was difficult to jointly identify contradictions and how 
they could be resolved. Hence, researchers analysed and presented a model 
of the activity system for the teachers that was discussed, a second stimu-
lus. In the fourth phase and later phases, the Change Laboratory sessions 
aimed to change the activity with new models; however, novel ideas have 
not yet been implemented. 

Figure. 4.3. Expansive learning cycle (Engeström, 2016)

As commonly described by other researchers (for example, see Engeström 
& Sannino, 2010), the phases building up the cycle of the Change Labo-
ratory did not strictly follow the typical order, shown in Figure 4.3. For 
example, the intention and preparation by the researchers had to change 
when teachers adjusted their teaching and brought in the paper textbook 
when deemed more suitable than the digital textbook. Sometimes, features 
in the digital textbook that were perceived as difficult to understand were 
brought up by teachers during sessions, and time was spent discussing the 
limitations of these and never turned to deeper insights into how they 
influence the activity system. Focus on the different phases of the cycle 
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has been on a back-and-forth process. Each Change Laboratory session 
was video-recorded, transcribed, and analysed until the next session, and 
observations in classrooms were conducted between the sessions.

4.3 ANALYSIS
Analysis with activity theory is historical and actual-empirical (Engeström, 
2016). In a historical analysis, the tool-mediated activity is explained 
by tracing its origin. This approach was used in Papers 1–3 by focusing 
on participants’ accounts of how their activity of teaching mathematics 
has changed with new technology. In Paper 4, the Change Laboratory 
design allowed for a more thorough understanding of movement and 
change. During Change Laboratory sessions, there was an alternating 
focus between earlier and present activity. Special emphasis was placed on 
changes in conditions when a traditional paper textbook was replaced or 
complemented with a digital textbook. In the actual-empirical analysis, 
thematic analysis was used to systematically work through the transcribed 
data with open and including coding organised to a thematic level (Braun 
& Clarke, 2006). The analysis was used to construct the activity system, 
its components, and dialectical relations. The analytical focus was on the 
mediational role of a digital mathematics textbook. An activity theory 
analysis considers the complementarity of the participants’ view and the 
system’s view (Engeström & Miettinen, 1999). In doing so, the researcher 
engaged with the participants to get access to their interpretations and 
subsequently constructed the activity system. The attention was directed 
towards conflicts to identify emerging contradictions in the teaching activ-
ity. The awareness of tensions and conflicts of motives was a way to identify 
emerging contradictions in the teaching activity. The analysis also involved 
searching for teaching improvements regarding congruencies, which was 
due to teaching with a digital textbook.
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4.4. ETHICAL CONSIDERATIONS FOR RESEARCH 
IN DIGITAL PRACTICES.

In studies 2 and 4, a digital textbook was selected and introduced to the 
participating teachers. Teachers and their students were given access to the 
textbook, which was sponsored by an established Swedish publisher. The 
publisher and researchers had, due to prior research, an established rela-
tionship. Sponsored research could create ethical considerations and deci-
sions (Cohen et al., 2018). The publisher did not express any requirements 
or expectations regarding the conduct or result of the research. Rules and 
guidelines established in Swedish research alongside good research prac-
tice (Swedish Research Council, 2017) have been followed. Accordingly, 
all participants were personally informed about ethical principles regard-
ing information, consent, confidentiality, and use. Given that digital text-
books store user data, the participants were specifically informed about 
data security and the General Data Protection Regulation (GDPR). All 
participating teachers signed an informed consent letter.

When teachers and their students interact with a digital textbook, 
many user data will be collected, stored, and analysed. Some data are 
explicit and provided intentionally, for example, name, mail address, and 
school name. Other data are implicit and not consciously provided by the 
user but are instead gathered from user interactions. These may comprise 
clickstream data and user behaviour analytics. The publisher has written 
agreements with the two municipalities included in the research project: 
a Personal Data Processing Agreement. The GDPR requires that a legally 
binding contract be signed to ensure that the data processor handles per-
sonal data according to legal obligations and restrictions on behalf of the 
data controller. (EU, 2016). Hence, the processor is the publisher and the 
data controller is a software company.

Digital textbooks allow for real-time data (or near real-time) visualisa-
tions of student work. This means not only that user data are continuously 
collected and stored but also that measurement of the student work is 
ongoing. In this thesis, the research interest is teaching and no empirical 
data from students were used in this research. However, students’ data 
have been part of discussions among the teachers during the empirical 
work, thus the students were informed about the research by the teachers 
and parents were informed by the principal in each school.
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CHAPTER 5 

SUMMARY OF PUBLICATIONS 

This chapter presents a summary of the four publications included in this 
thesis.

5.1 PUBLICATION I
Utterberg, M., & Lundin, J. (2017). “What is the benefit of that?” Mathe-
matics Teachers’ Motives in Discarding Digital Technology in their Teach-
ing. Selected Papers of the IRIS, 8, 76–88.

Several organisations (e.g., EU, OECD, and National Council of 
Teachers of Mathematics, NCTM) stress the importance of mathemati-
cal literacy, key competencies, and lifelong learning, which require digital 
tools in the mathematics classroom. Several countries have also revised 
their curricula in mathematics and have provided a stronger focus on digi-
tal tools. However, teachers in mathematics generally use digital tools less 
frequently compared to teachers in other subjects. Moreover, even if they 
have access to and use digital tools in their schools and classrooms, they 
sometimes more or less openly discard them or use them to a lesser extent 
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in instruction. The aim of this paper was to explore mathematics teachers’ 
reluctance to include digital tools in their teaching and to provide a deeper 
understanding of teachers’ own reasons for discarding digital tools. 

Ten teachers with students in grades 1–9 were individually interviewed. 
The teachers were qualified and experienced with interest in practice devel-
opment and have been engaged in or led professional development activi-
ties with other teachers. They could therefore be assumed to be positioned 
as skilled teachers in their local practice and that engagements in profes-
sional developments affect their teaching in their own mathematics class-
rooms. All teachers had students with access to iPads or computers. 

The interview method was chosen to get an in-depth understanding of 
teachers’ reasonings. Topics identified in a review of previous research were 
explored with open-ended questions and included teachers’ demographic 
information, learning and teaching mathematics, the implementation of 
digital tools in the classroom, digital tools in the local school context, and 
debates of technology and learning in society. The analysis was conducted 
using a thematic approach and grounded in activity theory.

A central outcome is that teachers found it difficult to benefit from 
using digital tools. Their perspectives of how mathematics should be 
taught and learned contradict their experiences of teaching with digital 
tools. The teachers said that digital tools mainly contributed to procedural 
learning, which is important but insufficient for a deeper mathematical 
understanding. National curricula goals emphasise mathematical abili-
ties that students should develop with the support of digital tools. How-
ever, the teachers experienced that digital tools did not assist them when 
teaching towards these goals. Accordingly, a disturbance occurred due to 
a conflict of motives. Curricula goals motivated teachers to teach with 
digital tools, and an acceptance of policy re-directed the object of activity. 
Teachers taught with digital tools to a limited extent and planned their 
teaching in that digital tools did not come into conflict with their perspec-
tives of “good teaching”. Teachers’ motives are based on the importance of 
interpersonal communication between teachers and students, and between 
students. The teachers expressed that communication in the classroom 
provides mathematical discussions that serve both as a way for students to 
learn and for teachers to be informed of students’ various understandings. 
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5.2 PUBLICATION II
Utterberg M, Tallvid M, Lundin J, & Lindström B. (2019). Challenges 
in mathematics teachers’ introduction to a digital textbook: Analyzing 
Contradictions. Journal of Computers in Mathematics and Science Teaching, 
38(4), 337–359.

The main resource in many mathematics classrooms, the paper text-
book, is now being affected by the digitalisation of education. There has 
been a movement from paper textbooks to digital textbooks. The purpose 
of this study was to investigate teaching activities when a digital math-
ematics textbook was introduced. This study concerns mathematics teach-
ers at a school with students in grades 1–9. The teachers mainly used paper 
textbooks supplemented with digital resources in their teaching. They were 
asked to introduce a digital mathematics textbook in a six-week interven-
tion, which is the activity of study. 

The study was initiated as teachers were introduced to a newly released 
digital textbook at a marketing event organised by a publisher. The market-
ing event was followed up with workshops at the school, allowing teachers 
to become familiar with the textbook. The intentions of these workshops 
were to present basic functions in the digital textbook, help teachers man-
age these functions, give support with lesson plans, and set up student 
accounts. During the workshops, the researchers stayed in the background 
and took field notes. 

Additionally, participant observations were conducted during 13 les-
sons in mathematics while the teachers were taught with a digital text-
book. Before and after the introduction of the digital textbook, focus 
group interviews were conducted to explore teachers’ expectations and 
experiences.

The outcomes from this study are the analyses of four contradictions 
that emerged while the teachers introduced a digital textbook. First, teach-
ers’ needs for coherence and linearity vs. the digital textbook with various 
content and nonlinear paths. The teachers normally teach with a paper 
textbook and sometimes use digital resources as a supplement. The teach-
ers described how a paper textbook is supportive since it has a linear and 
well-known structure. The paper textbook provided the teachers with a 
structure for the content that helped them organise their teaching. When 
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5.2 PUBLICATION II
Utterberg M, Tallvid M, Lundin J, & Lindström B. (2019). Challenges 
in mathematics teachers’ introduction to a digital textbook: Analyzing 
Contradictions. Journal of Computers in Mathematics and Science Teaching, 
38(4), 337–359.
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Additionally, participant observations were conducted during 13 les-
sons in mathematics while the teachers were taught with a digital text-
book. Before and after the introduction of the digital textbook, focus 
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ers’ needs for coherence and linearity vs. the digital textbook with various 
content and nonlinear paths. The teachers normally teach with a paper 
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ers described how a paper textbook is supportive since it has a linear and 
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a digital textbook is introduced, teachers must take a more (pro)active 
approach and create the students’ learning paths themselves, chosen from 
various tasks and activities. The teachers expressed difficulties in getting 
an overview and navigating among available resources that also required 
increased commitment.

Second, teachers’ need for transparent learning processes vs. the digital 
textbook as opaque. Teachers want information on students’ learning to 
plan and conduct adapted instruction. Teachers described how they use 
feedback regarding students’ task solutions to modify their explanations 
to students. To do so, they walk around the classroom to get an overview 
of how the students proceed, orchestrate discussions, and look through 
students’ notebooks. With a digital textbook, teachers feel a loss of trans-
parency in students’ mathematical understanding. They feel excluded from 
students’ task-solving processes, which makes it difficult to provide suffi-
cient support. The teachers emphasised that they want qualitative feedback 
to assess whether a student lacks understanding of a concept, has misun-
derstood the task, or just made a mistake.

Third, teachers’ shared norms about appropriate pedagogy for learning 
mathematics vs. the pedagogy embedded in the digital textbook. Some-
times teachers’ shared norms about what is perceived as good pedagogy 
conflict with pedagogy embedded in the digital mathematics textbook. 
For example, the digital textbook presented mathematical explanations 
as video clips, written texts, and task solutions. However, when teachers 
used methods based on other pedagogical ideas, which they believed were 
more suitable, they struggled with creating a learning environment that 
included the digital textbook. 

Fourth, differentiated instruction for all students vs. digital textbooks 
supports individualisation for every student. Teachers who strive to create 
mathematical activities that allow all students to participate on their own 
terms while simultaneously feeling included in the classroom approach 
differentiation. To do so, teachers arranged for peer communication and 
joint mathematical discussions in the classroom that should be relevant for 
all students, which was perceived as important among the teachers. How-
ever, the digital textbook with adaptive features was perceived as being 
designed for individualisation and, as such, adapted instructional material 
and tasks to each student’s needs. Hence, students proceeded individually 
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at their own pace through the mathematical content. Therefore, the teach-
ers found it difficult to align these two different approaches aimed to meet 
each student’s needs.

5.3 PUBLICATION III
Utterberg, M., Tallvid, M., Lundin, J., & Lindström, B. (2021). Teacher 
Dashboards as Decision Support in Digital Mathematics Textbooks – Contra-
dictions and Congruencies. Manuscript in preparation

Teachers depend on relevant information on student performance to 
inform instructions and assessment. Integration of digital textbooks in the 
classroom provides tools to trace students’ work. Student user data can be 
recorded, analysed, and visualised for teachers on dashboards to inform 
their decision making. This process can serve as a decision support sys-
tem for teachers. Dashboards are designed to inform teachers to increase 
responsiveness to students’ needs and potentially improve instruction. The 
purpose of this study is to understand how a decision support system with 
dashboards embedded in a digital math textbook generates problematic 
situations and how they are solved for a better way of teaching. Activity 
theory is used as an analytical tool to identify systemic problems regard-
ing contradictions and emergent congruencies that improve the activity 
system.

This study addressed mathematics teachers who are experienced users 
of a digital textbook and integrated the use of dashboards into their regular 
teaching routines. The teachers were individually interviewed to develop 
an understanding of their experiences of working with digital textbooks, 
focusing on the decision support system with dashboards. Teachers used 
their own computers during the interviews and talked to the researcher 
during their engagement with the digital textbooks. They were encour-
aged to demonstrate realistic situations that occurred during work activi-
ties. Probing questions were asked by the researcher to get more details of 
the problematic situations the teachers faced and how they were solved. 
Additionally, observations in the teachers’ classrooms were undertaken 
and directed towards teaching strategies articulated during the interviews. 
Field notes from the observations informed follow-up interviews.
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The main outcome of this study is the identified contradictions that are 
manifested in conflict of motives faced by the teachers between managing 
a collective classroom and closely monitoring each individual student. The 
conflict of motives is rooted in three main contradictions. First, there is a 
contradiction between the tool (digital textbooks with dashboards) and the 
object (implementation of teaching). The teachers worked with a collective 
classroom to organise collaborative activities for students, both to allow 
the students to communicate and share mathematical ideas as support for 
learning, but also for the teachers to gain access to students’ mathematical 
understanding through their discussions. However, in the teachers’ per-
spective, the digital textbook with dashboards was primarily designed to 
support individual student work. The second contradiction is between the 
rule (curriculum and curriculum guidelines), the tool (dashboard), and the 
object (implementation of teaching). This contradiction also concerns col-
lective classroom versus individual student work, and in addition includes 
curriculum goals and guidelines addressing mathematical skills and abili-
ties but also more general skills, usually called 21st century skills. Teachers 
expressed that dashboards inform them about students’ performance but 
not their understanding and more general abilities. This relates to teach-
ers understanding the knowledge aims in a wider sense than what can be 
drawn from the dashboard visualisations that rather are directed towards 
factual knowledge. Finally, a contradiction emerges between the subject 
(teacher) and community (student). In the teachers’ perspective, math-
ematical understanding is developed over time and learning is a process 
including long-term goals. However, the digital textbook working with 
quick iterations and short-term goals turned students’ attention towards 
completing tasks with correct or in-correct answers. Thus, the students 
worried about each mistake being monitored while teachers focused on the 
longer process of learning skills and abilities. These different approaches 
altered the relation between teacher and students.

The teachers found and created a congruency in the close monitoring 
of students’ work. The decision support system, with its dashboards, offers 
visualisations of students’ work in real-time, and provides teachers with 
actionable knowledge to engage with individual students. The teachers 
could encourage students who showed a lack of motivation or help stu-
dents who seemed to lack the knowledge needed to proceed in the work. 
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A congruency was also observed between visualisations of student perfor-
mances on dashboards and adaption to struggling students. Teachers have 
access to individual student’s results on dashboards, which are combined 
with the richness of tasks and activities for several grade levels that could 
be freely assigned to students. This made it easier for teachers to adapt to 
students with diverse knowledge and abilities in the classroom. The teach-
ers emphasised their willingness to hide that students are working at dif-
ferent levels in the classroom.

5.4 PUBLICATION IV
Utterberg Modén, M., Tallvid, M., Lundin, J., & Lindström, B. (2021). 
Intelligent Tutoring Systems: Why Teachers Abandoned a Technol-
ogy Aimed at Automating Teaching Processes. In Proceedings of the 54th 
Hawaii International Conference on System Sciences, 1538–1547.

Ideally, teachers guide students through mathematical content in steps 
that are appropriate to each student. If they teach out of sequence or move 
on too fast, this will make it more difficult for students to make progression 
in their learning of mathematics. Guiding students through the content is 
sometimes suggested possible to be performed by technology, i.e., using 
an intelligent tutoring system (ITS). The intention of ITSs is to automate 
some teaching processes and concurrently optimise student learning. The 
systems are designed to present each student with content suitable for their 
own unique learning trajectory to improve their learning outcomes.

The purpose of this paper was to explore the changing conditions that 
arose when teachers introduced a digital mathematics textbook, includ-
ing ITS. Researchers initiated an intervention at two secondary schools 
with 16 mathematics teachers. At each school, eight teachers participated 
in six sessions over six months. The teachers had varied experiences of 
using digital mathematics textbooks, and they choose to use the digital 
mathematics textbook to complement their paper textbooks. The Change 
Laboratory method was chosen as it is particularly useful for understand-
ing the role of technology in human activities and studying developmental 
contradictions as a source for organisational change. Data was collected 
through field notes, video recordings, and audio recordings while research-
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ers engaged with the teachers in the Change Laboratory sessions and con-
ducted classroom observations.

The outcome of this study is five indicated contradictions in the teach-
ing activity. The first contradiction was between predictability and uncer-
tainty while teaching towards mathematical learning objectives. What, 
how, and when the students should learn are fundamental didactical ques-
tions teachers constantly address and respond to. They create lesson plans 
and plan their teaching according to long-term goals set by curriculum 
and short-term objectives mainly provided by paper textbooks that help 
organise the teaching. However, the teachers were unable to anticipate 
the learning paths for the students as determined by the ITS. The teach-
ers were also unable to predict the content and tasks presented to each 
student. Hence, teachers expressed that the ITS often assigned content 
and tasks to students that the teachers had not yet addressed in their class 
teaching, which made the teachers feel uncertain and somewhat anxious.

The second contradiction emerged in the division of labour, in which 
teachers wanted to work alongside their students while being excluded 
from helping them. The teachers explained that they are used to engag-
ing in learning activities with students and they want, and are expected 
to, help and motivate them when needed. Accordingly, teachers organ-
ised activities to be informed when making decisions in the classroom to 
support their students. When an ITS was introduced in the classroom, 
the teachers anticipated that the ITS should act as a classroom assistant. 
However, they experienced that it rather took over teaching tasks and 
worked autonomously. The ITS changed teachers’ roles since the system is 
designed to continuously evaluate student responses and present relevant 
content, tasks, and feedback without teacher intervention. Teachers are 
not intended to intervene but rather have to accept and try to adapt their 
teaching to actions driven by algorithms. The teachers expressed a need for 
control in the classroom.

The third contradiction concerned individual versus collective learning, 
as also noted in the second study. Teachers planned their teaching based on 
class-level relevance and the possibility for student peer communication. 
They organise joint discussions and encourage students to work in pairs 
and learn together. In so doing, the teachers strived to create a cohesive 
environment in the classroom to foster motivation and engagement. How-
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ever, a prerequisite of the ITS is that students work independently, as it 
should be adjusted to each students’ knowledge level. The emphasis is on 
individual student progression. Sometimes this led to significant variations 
among students’ learning, which teachers experienced as difficult to align 
with collective teaching aimed to be relevant for all students.

The fourth contradiction emerged between teachers being accountable 
and the ITS excluding transparency in the system. Teachers are responsible 
for learning activities in their classrooms. That can include planning, con-
ducting lessons, evaluating, and documenting student progress. Accord-
ingly, teachers make informed decisions and are answerable to the deci-
sions they make. However, the teachers lacked insights into analyses and 
predictions of the ITS; they could not explain the underlying principles 
affecting its strategies and selected pathways for the individual students. 
Teachers were unable to validate actions taken by the ITS, which resulted 
in low confidence in the ITS and a lack of perceived control. The teachers 
themselves still had to try to evaluate analyses and predictions through 
their students’ work. The teachers are accountable but lack resources to 
control students’ learning.

The fifth contradiction addresses the dual nature of ITS regarding 
product value and use-value. Teachers’ expectations were influenced by 
an increased interest in artificial intelligence in society and that an ITS 
could possibly provide individualisation and increased student motivation. 
However, teachers’ expectations were not matched by their experiences of 
integrating an ITS into their teaching.

5.5 DISTRIBUTION OF WORK
Publication I: The Vancouver Convention for Authorship has been fol-
lowed. The first author contributed the most to all aspects of the work and 
wrote the manuscript. The co-author made a significant contribution to 
the design and analysis of the work, contributed to a critical review of the 
content, subsequently approved the final version, and agreed to be held 
accountable for the work.
Publications 2, 3, and 4: The Vancouver Convention for authorship has 
been followed. The first author contributed the most to all aspects of the 
work and wrote the manuscript. The second author made a significant 
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contribution to the work’s design, data collection, and analysis, contrib-
uted to a critical review of the content, subsequently approved the final 
version, and agreed to be held accountable for the work. The third and 
fourth authors made a significant contribution to the design and analysis 
of the work, contributed to a critical review of the content, subsequently 
approved the final version, and agreed to be held accountable for the work.
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CHAPTER 6

SYNTHESIS OF THE CONTRIBUTIONS 
OF THE STUDIES 

The overall aim of this thesis is to explore teachers’ concerns when digital 
mathematics textbooks are introduced regarding systemic contradictions 
and congruencies and contribute to the understanding of the digitalisa-
tion of education more generally. This chapter will address the following 
research questions through a synthesis of the contributions of the four 
studies.

• What contradictions emerge in teachers’ planning and implemen-
tation of classroom activities with a digital mathematics textbook? 

• What contradictions and congruencies emerge in teaching with 
data-driven decision support embedded in a digital mathematics 
textbook? 

• What contradictions emerge in teaching with adaptive tutoring 
functionality embedded in a digital mathematics textbook?
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The first study (Study 1) aimed to understand mathematics teachers’ chal-
lenges when working with digital tools in their teaching. A particular focus 
was on their reluctance to include digital tools in their practice and the 
reasons for discarding digital tools.

In the second study (Study 2), the purpose was to explore the changed 
conditions teachers faced while a digital mathematics textbook was intro-
duced. The results of this study revealed that teachers encountered prob-
lematic situations when teaching with digital textbooks that included 
data-driven decision support and an adaptive tutoring system. Hence, the 
third study (Study 3) addressed teaching with real-time visualisations on 
dashboards based on student user data. Finally, the fourth study (Study 4) 
addressed adaptations to students with a tutoring tool.

Several studies illuminate that digital mathematics textbooks challenge 
current teaching practices (see, for example, Lew, 2016). The policy inten-
tions to improve education and digital technology to accomplish this, 
generated problematic situations for teachers. In the following synthesis, 
activity theory is used as an analytical tool to identify systemic problems 
and, if they are resolved, lead to a better way of teaching. Regarding activ-
ity theory, teaching with a digital mathematics textbook generates con-
flict of motives that are rooted in contradictions, and if resolved, they form 
congruencies that shape normalisation in the activity system (Allen et al., 
2013; Engeström & Sannino, 2011; Karanasios & Allen, 2014). These 
analytical concepts are further explicated in Chapter 3.

The analysis is divided into three interrelated sub-activities that build 
up an overall teaching activity with digital mathematics textbooks: first, 
planning the teaching; second, teaching with data-driven decision sup-
port; and finally, teaching with adaptive tutoring functionality. Each of 
the three activities is discussed through the concepts of conflict of motives, 
congruence, and contradictions. The sub-activities overlap to some extent 
and they have been a constructive approach in the analysis.

6.1 THE ACTIVITY OF PLANNING TEACHING
The activity system constitutes the teachers’ planning the teaching, which 
is a process over time with two different tools. A paper textbook and a 
digital textbook are resources for the initial planning of the overall teach-
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ing structure and consecutive lessons. The outcome is the implementation 
of the curriculum. The rules in the activity system are the curriculum and 
accompanying guidelines. The analysis focuses on the different conditions 
for planning the teaching, afforded by the sequential paper textbook and 
the flexible digital textbook (Fig. 6.1).

Figure 6.1 The planning of teaching as an activity system

National curricula state what is to be learned by the students and provide 
guidelines for teaching. Furthermore, the National Agency for Education 
provides extended guidelines to support teachers. Teachers draw on the 
national curriculum, textbooks, and other resources, which are incorpo-
rated when teachers plan to organise student activities and instructional 
support when developing a course. The curriculum is interpreted and 
translated to be operationalised by the teachers. Hence, they create the 
teacher-intended curriculum (Remillard & Heck, 2014). The studies show 
that teachers who worked with a sequential paper textbook and a flexible 
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digital textbook faced challenges regarding conflicts of motives rooted in 
systemic contradictions related to planning the teaching (Table 6.1).

Table 6.1. Disturbances in the activity of planning teaching

Conceptual lenses Descriptions
Conflict of 
motives

Between sequentiality and flexibility when 
planning the teaching.

Contradictions

Between tool (sequentiality and flexibility), 
rules (curriculum and curriculum guide-
lines) and object (planning the teaching), 
aggravated by time and teaching compe-
tence. (Fig. 6.1)

6.1.1 CONFLICT OF MOTIVES: SEQUENTIALITY AND 
FLEXIBILITY WHEN PLANNING THE TEACHING

The teachers faced a conflict of motives when planning the teaching with 
a flexible digital textbook and a sequential paper textbook. The former is a 
new technology, and the latter is part of an established practice. Both types 
of textbooks cover various areas of mathematics guided by the national 
curriculum, but the arrangement of content is pedagogically different. The 
digital mathematics textbook is designed with flexibility. It enables adapta-
tion to teachers when planning the teaching, and teachers must select and 
assign content, tasks, and activities while creating individualised learning 
trajectories for students. The paper textbook is designed with a sequential 
progression of the content and provides a clear and pre-defined structure 
for teaching and learning.

Within paper textbooks, mathematics is generally distributed through 
chapters comprising main topics in which each chapter has a hierarchical 
mathematical structure. The structure is often similar for a specific cur-
riculum and is arranged in almost the same sequence (Rezat, 2006). The 
teachers emphasised the benefits of a paper textbook’s sequential struc-
ture (Study 2). Teachers explained that a paper book is easy to browse 
through, and different chapters, topics, and tasks are easily located. The 
teachers expressed that a paper textbook provides them with information 
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that helps them attain short-term objectives for each lesson and long-term 
goals for mathematics education (Study 4). The paper textbook gives them 
the course content and plans for covering the topic and is perceived as a 
guarantee that national curricula goals are addressed for students. Typi-
cally, a textbook instantiates the curriculum regarding content and offers 
a pedagogical design.

When it comes to a digital textbook based on flexibility, the teachers 
had trouble planning teaching (Study 2). The planning of teaching became 
more complex and demanding and required a more (pro)active approach. 
In the digital textbook, teachers lacked the structure of paper textbooks 
they were accustomed to and found the resources disorganised. Thus, it 
was also more difficult to get an overview of the content as a whole. This 
can be interpreted as an expression of the complexity of the digital book.

Further, the teachers stressed the importance of curriculum coher-
ence (Study 4). Learning goals, subject content, teaching methods, and 
assessments should all align and reinforce each other. What the teachers 
expressed was similar to the concept of constructive alignment (Biggs & 
Tang, 2011). This means a clear connection between learning goals, learn-
ing tasks and examination. Digital textbooks cause teachers to consider 
various aspects linked to this when planning the teaching, rather than get-
ting help with this work that is already adopted in a paper textbook.

6.1.2 CONTRADICTIONS

The nature of the mathematics to be taught and learned in classrooms has 
extensive historical and cultural roots, which have greatly influenced the 
design of tools (Clark-Wilson et al., 2020). O´Halloran et al. (2018) have 
described the nature of mathematics as a subject with vertical and hierar-
chical structures. Thus, mathematics is understood to have an embedded 
coherent structure hierarchically organised within topics and domains. 
Paper textbooks in mathematics for K–12 schools mainly have an explicit 
structure organised in sequence (Rezat, 2006). Research also highlights 
that paper textbooks are designed to align with curricular goals and to con-
vey pedagogical strategies (Haggarty & Pepin, 2002; Lepik, 2015). Paper 
textbooks are designed both to be used by students and to help teachers 
organise their teaching. Research has shown that teachers rely on paper 
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textbooks as an important resource when planning and conducting les-
sons, and embedded pedagogical messages serve as a model for instruction 
(Fan et al., 2013; Johansson, 2006; Lepik, 2015). Paper textbooks have a 
long history in mathematics education worldwide (Roberts, 2014). Teach-
ers are accustomed to the paper textbook, which has become a significant 
part of their established teaching practice.

Digital mathematics textbooks provide new types of connections 
between content and topics and links to various resources. This feature 
is intended for teachers to more easily adapt to curricular goals, student 
differences, and local classroom context (Bokhove, 2017; Ruthven, 2016). 
Digital mathematics textbooks offer opportunities for connectivity, which 
can be distinguished at the macro level as links between the user and 
resources outside the digital textbook (i.e., available on the internet), and 
at the micro-level as links inside the digital textbook (Gueudet et al., 2018). 
This means that teachers can freely choose among resources for manage-
ment, instructions, student tasks, and assessments. However, this flexibil-
ity causes challenges for teachers used to paper textbooks with a sequential 
structure. The activity of planning the teaching indicates contradictions 
between the tool (sequentiality and flexibility), the rules (curriculum and 
curriculum guidelines), and the object (planning the teaching) (Fig. 6.1).

Yerushalmy (2016) described teachers’ adaptation of a flexible digi-
tal mathematics textbook as follows: “One challenge has to do with the 
extended engagement required of the teacher, who becomes an active 
designer of the instructional materials” (p. 91). When teachers use digital 
mathematics textbooks to design their teaching and provide a coherent 
curriculum for students, they must select among the broad resources to 
organise their work and students’ learning. This flexibility requires teachers 
to develop extended teaching competence to design instruction (Remil-
lard, 2016). When teaching with a digital mathematics textbook, teachers 
also extend engagement and make micro-adaptations to different students’ 
needs to a larger extent. This requires time, involvement, and extended 
skills and illuminates how contradictions in the activity of planning is 
aggregated by time and teaching competence.
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6.2 THE ACTIVITY OF TEACHING WITH DATA-
DRIVEN DECISION SUPPORT

The activity system constitutes teaching with data-driven decision support, 
which monitors and evaluates students’ performances. The focus of the 
analysis is the teacher’s implementation of teaching when working with 
digital textbooks and embedded dashboards. The rules in the activity sys-
tem are the curriculum and accompanying guidelines. Also included are 
the norms concerning teachers’ realization of the curriculum in the per-
spective of contemporary societal values, i.e., best practice. The outcome is 
realization of teaching and students’ learning (Fig. 6.2).

Figure 6.2 Teaching with data-driven decision support as an activity system

Teaching includes the evaluation of student understandings and learn-
ing progression to inform further teaching and assessment. This means 
that teachers organise instruction to collect evidence and keep records of 
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students’ work. The analysis shows that the teachers who worked with 
a digital textbook with embedded dashboards for decision support faced 
challenges regarding the conflict of motives between managing a collective 
classroom practice and closely monitoring each individual student. The 
conflict of motives was rooted in systemic contradictions. However, the 
analysis also showed that teachers found and created opportunities and 
new ways of working, identified as congruencies (Table 6.2).

Table 6.2. Disturbances and congruencies in the activity of teaching with data-driven 
decision support

Conceptual lenses Descriptions

Conflict of 
motives

Managing a collective classroom practice 
and closely monitoring each individual 
student.

Contradictions

Between tool (digital textbooks with dash-
boards) and the object (implementation of 
teaching) (Fig. 6.2)
Between tool (digital textbooks with 
dashboards), rules (curriculum, curriculum 
guidelines and best practice), and object 
(implementation of teaching). (Fig. 6.2)
Between subject (teacher) and community 
(students). (F 6.2)

Congruencies

Accessibility to ongoing monitoring of 
student data visualised on dashboards and 
support for adaptation to student needs.

6.2.1 CONFLICT OF MOTIVES: COLLECTIVE CLASSROOM 
AND INDIVIDUAL MONITORING

The teachers were faced with a conflict of motives between the motive to 
manage a collective classroom environment as the foundation for learn-
ing and the motive of carefully monitoring and guiding each individual 
student. The teachers emphasised that instruction enabling students to 
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develop a deeper understanding involves mathematical reflections through 
communication in the classroom. This was organised by the teacher or 
more informally arranged by the students themselves. The students dis-
cussed ideas for solving tasks (with a mixture of small social talk) while 
they worked on assignments (Study 3). Additionally, the teachers empha-
sised that mathematical communication in the classroom provides them 
with several opportunities to evaluate students’ learning and informs their 
decisions of how to further help the students follow their current under-
standings of the concepts being taught (Study 1; Study 3). The teachers 
expressed that they want access to how students interact with and under-
stand, the mathematical content. They want insight not just about student 
answers but also about the process of learning content knowledge and 
mathematical abilities (Study2; Study 3). 

Communication is an important part of mathematics education and 
a core ability in mathematics learning (NCTM, 2000; Swedish National 
Agency for Education, 2018). Therefore, the teachers included peer-to-
peer and student-to-teacher communication in their teaching, both with 
the conviction that students learn to reason mathematically by listening 
and talking about mathematical ideas and solutions, and as a way for the 
teachers to evaluate students’ learning (Study 1; Study 3). Communication 
conveys ideas and involves verbal messages, visually represented informa-
tion, and the writing of numbers, pictures, and graphs. Teachers explained 
how communication took the form of student responses to the materials 
and tasks provided to them. The teachers said that this allowed for greater 
opportunities to practice mathematical ideas to gain conceptual under-
standing (Study 1; Study 2; Study 3). This illustrates how teachers operate 
at the classroom level and monitor students at this level, which can resem-
ble orchestration-level pedagogy (Du Boulay, 2019) (further explicated in 
section 2.2).

However, the teachers said that a digital textbook pays attention to 
the diversity of students working on their own material at their own pace, 
although the struggling students needed additional help and feedback from 
the teacher to proceed through their tasks (Study 2). This is supported by 
fieldnotes from observations in the classrooms documenting how teachers 
and students worked with collaborative activities without the digital text-
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book (study 3). Digital textbooks usually collect student data in real-time 
and present visualisations on dashboards. The feedback provided to teach-
ers seems to be generic for many digital mathematics textbooks available 
for purchase and usually comprise “verification feedback combined with 
try-again feedback, error flagging feedback, correct response feedback, 
and elaborated feedback” (Rezat, 2021, pp. 5). The feedback to the teach-
ers was individual students’ work and individually presented to teachers, 
although the data is sometimes aggregated on class-level. The teachers said 
that too strong emphasis on procedural tasks provided them with lim-
ited information on the dashboards and insufficient decision support to 
evaluate students’ mathematical learning (Study 2; Study 3). The teachers’ 
experiences and the design of digital textbooks illustrate how students were 
exposed to individual work when a digital textbook is in use. Hence, a 
single system interacts with a single student that can resemble screen-level 
pedagogy (Du Boulay, 2019) (further explicated in section 2.2).

It was recognised that the collection of individual student data also 
influenced the relationship between the teacher and students. The teachers 
described that the students were well aware that all input they made was 
collected and presented to the teachers and that this increased pressure on 
students (Study 3). An example is that incorrect answers were flagged with 
a red colour that made them visible to both the student and the teacher. 
This emphasis meant that students were more aware of their mistakes, and 
teachers used these flagged responses to support the students. The teach-
ers said that the students carefully avoid making mistakes since they were 
afraid it would negatively affect their grades, even though the teachers told 
their students they use the feedback on dashboards for formative evalua-
tion rather than for gradings. (Study 3).

6.2.2 CONTRADICTIONS

The activity of teaching with data-driven decision support generates three 
main contradictions. First, there is a contradiction between the tool (digi-
tal textbooks with dashboards) and the object (implementation of teach-
ing). Secondly, there are contradictions between the rule (curriculum, cur-
riculum guidelines and best practice), the tool (dashboard), and the object 
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(implementation of teaching). Finally, a contradiction emerges between 
the subject (teacher) and community (student) (see fig. 6.2).

Concerning the first contradiction, the teachers expressed ideas of 
how to perform instruction, allowing students to communicate on math-
ematical tasks. These ideas are deeply integrated into the Swedish school 
system. Students are provided opportunities to reflect on mathematical 
ideas alongside peers to gain a deeper understanding through commu-
nication on mathematics. This gives the teacher several opportunities to 
evaluate students’ learning (also noted by Yackel & Cobb, 1996; Maher 
& Martino,1996). The object (implementation of teaching) involves col-
laborative work, both as a means to support understanding and learning 
progression and to gain access to students’ reasoning and learning by mak-
ing them express their understanding of particular tasks and solutions. 
This means that the teachers have a dual object of the activity of teaching 
with data-driven decision support (Fig. 6.2), which can be understood as 
both didactical and managerial. Accordingly, the teacher acts at the class-
room level to orchestrate collaborative activities, while the digital textbook 
seems to be designed to support mathematics education organised in a 
fundamentally different way, i.e., individual work with tasks. Thus, the 
digital textbooks form mediated conditions that drive individual actions 
on the student level, generating disturbances in the activity since the activ-
ity is motivated by teachers’ different pedagogical beliefs. This individual 
focus contrasts the collective classroom practice and collaborative learning, 
driven by more general ideas of what constitutes a ‘good pedagogy’.

The second contradiction emerges between the rule (curriculum, cur-
riculum guidelines and best practice), the tool (dashboard), and the object 
(implementation of teaching). This contradiction also relates to aspects 
of individual versus collective work, but on a different level than the first 
contradiction. The teachers draw their planning and teaching from cur-
riculum goals that define core mathematical abilities. In doing so, teachers 
engage themselves in this work regarding a collective classroom, attempt-
ing to create common activities for developing mathematical skills rather 
than to individual students. This means that the object of the activity is 
shaped regarding the collective work in the classroom. However, as the 
tool is instead designed to be working on the individual student level, 
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riculum guidelines and best practice), the tool (dashboard), and the object 
(implementation of teaching). This contradiction also relates to aspects 
of individual versus collective work, but on a different level than the first 
contradiction. The teachers draw their planning and teaching from cur-
riculum goals that define core mathematical abilities. In doing so, teachers 
engage themselves in this work regarding a collective classroom, attempt-
ing to create common activities for developing mathematical skills rather 
than to individual students. This means that the object of the activity is 
shaped regarding the collective work in the classroom. However, as the 
tool is instead designed to be working on the individual student level, 
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the tool’s design comes in conflict with the teachers’ curricular goals that 
include a broader perspective on student learning based on collective class-
room teaching.

The final contradiction emerges between the subject (teacher) and 
community (student). The teachers’ didactical focus is motivated by learn-
ing as a process with long-term goals. Teaching is understood as part of 
a long-term plan allowing students in the class to, over time, develop 
mathematical skills. However, the digital textbook, with dashboards, is 
based on an idea that contributes to learning outcomes with short-term 
objectives. With intensive and quick iterations of assignments and assess-
ment, the focus is drawn towards successfully completing mathematical 
tasks instantly and visualising this through quantitatively oriented dash-
boards, rather than understanding the teaching regarding planned, long-
term, ongoing development of student’s skills and abilities. As students are 
faced with working with the digital textbook over time, their perspective is 
increasingly pushed towards short-term task completion, while the teach-
ers attempt to develop teaching as a more longer-lasting development. 
This close monitoring affected the relations between teacher and students 
which in turn, according to the teachers, increased pressure on students to 
give a correct answer on all the tasks to meet perceived expectations.

6.2.3 CONGRUENCIES: MONITORING AND ADAPTATION

Information on each student’s work is constantly available, updated in 
real-time, and visualised on dashboards for teachers. This functionality 
leads to congruence, and stability takes place in the activity (Study 3). 
Teachers emphasise the benefit of using data dashboards to directly iden-
tify and support students individually based on their pace of progression 
in the tasks. For example, students who quietly struggle with mathematics 
are often a challenge for teachers to identify but can now be identified by 
accessing progress in real-time. Teachers find dashboards helpful, as they 
allow for a quick overview of each student’s performance and work effort, 
presenting viewed video clips, assigned tasks, frequency of done tasks, and 
whether the tasks are answered correctly or incorrectly. Students’ user data 
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on indicator bars and pie charts inform them which students are at risk 
to fall behind. This guides teachers further to explore the reasons, such as 
if students lack motivation or skills. Teachers expressed that this action-
able knowledge of students’ performance and work effort increases their 
control of each student’s work, during and beyond class time. The teachers 
were provided with closer monitoring and more on time with a digital 
textbook.

Digital textbooks include many tasks and activities on different pro-
gression levels from which teachers can freely choose. In addition, data 
dashboards inform teachers’ decisions when making these choices. The 
teachers expressed that this combination of monitoring of each student’s 
results on previously assigned tasks alongside the support for assigning 
new adapted tasks to individual students facilitated their work (Study 3). 
The teachers stressed the adaptive benefit of using data dashboards and a 
digital mathematics textbook. It makes it easier to meet the needs of stu-
dents with various abilities in the same classroom, which is a well-known 
problem for many teachers (Small, 2017).

Further, when teachers use a paper textbook to adapt to students with 
larger differences in mathematical knowledge, they have to select different 
tasks and use different books for students at different levels. As this is visu-
ally observable by other students in the classroom, it might risk exposing 
student’s varied knowledge in mathematics in unwanted ways. The teach-
ers stressed the advantage of a digital mathematics textbook, as it allows 
low-achieving students to work on less demanding tasks without the level 
of their assignments being visible to other students. They experienced that 
this contributed to a more inclusive classroom, fostering an increased sense 
of belonging for low-achieving students.

6.3 THE ACTIVITY OF TEACHING WITH ADAPTIVE 
TUTORING FUNCTIONALITY

The activity system constitutes teaching with adaptive tutoring functional-
ity. The rules in the activity system are the curriculum and accompanying 
guidelines. Also included are the norms concerning teachers’ realization 
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of the curriculum in the perspective of contemporary societal values, i.e., 
best practice. The outcome is realization of teaching and students’ learning 
(Fig. 6.3).

Figure 6.3 Teaching with adaptive tutoring functionality as an activity system

Teaching with a digital mathematics textbook with adaptive tutoring func-
tionality altered the relationship between the teacher and students. Teach-
ers faced disturbances and manifested as conflicts of motives between 
managing a collective classroom in control of instruction and individual 
tutoring controlled by the system. These disturbances are rooted in sys-
temic contradictions (Table 6.3).
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Table 6.3. Disturbances in the activity of teaching with adaptive tutoring functional-
ity

Conceptual lenses Descriptions

Conflict of 
motives

Adaptive system-controlled tutoring of 
individual students and teacher-controlled 
instruction managing a collective class-
room

Contradiction

Between rules (curriculum, curriculum 
guidelines and best practice), tool (digital 
textbook with adaptive tutoring func-
tionality), and object (implementation of 
teaching) (Fig. 6.3)
Between the subject (teacher), the tool 
(digital textbooks with adaptive tutoring 
functionality), and the object (implemen-
tation of teaching), aggravated by division 
of labour (Fig. 6.3)

6.3.1 CONFLICT OF MOTIVES: ADAPTIVE TUTORING AND 
TEACHER CONTROL

The teachers working with adaptive tutoring functionality in the classroom 
were faced with a conflict of motives between system-controlled adaptive 
tutoring to individual students and teacher-controlled instruction man-
aging a collective classroom. One idea behind digital mathematics text-
books is their opportunities to adapt to students’ various needs (Lokar, 
2015). Adaptive tutoring functionality intends to simulate one-to-one 
human tutoring, and they are designed to automate teaching processes and 
optimise students’ learning in some ways without a teacher’s intervention 
(Williamson & Eynon, 2020). The tutoring system in this work (Study 2; 
Study 4) is designed to present appropriate tasks for each student based 
on previous results, followed by instant correction when the task is com-
pleted. If a student gives an incorrect answer, the system recommends a 
solution and an instructional video clip, followed by some tasks to confirm 
the understanding of the specific concept being taught.
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The teachers explained how they planned instruction and carefully kept 
track of students’ learning to align with national curricular goals and their 
lesson plans (Study 3; Study 4). The teachers established a purpose and 
intended direction for the learning process, which predicts what is to be 
done and it also gives clear expectations to the students. A paper textbook 
has a guiding and instructional function and provides a clear and pre-
defined structure for teaching and learning, which provides predictability 
in the classroom (Johansson, 2006; Lepik, 2015). The paper textbook and 
curriculum mainly shape choices of content and tasks, and mathematics 
teachers often focus on communication in the classroom and emphasise 
the value of student reasoning (Nyman & Kilhamn, 2015).

However, the teachers observed that the adaptive tutoring functionality 
acted independently of their pre-planned lessons, and mathematical tasks 
were selected and given to each student without their control (Study 4). 
The teachers expressed that this adaptation led to significant variations in 
the tasks presented to students in the same class regarding knowledge level 
and topics (Study 4). This approach came into conflict with their ideas of 
learning mathematics as a joint effort, which prerequisite mathematical 
communication among peers and orchestrated by the teachers in a col-
lective classroom environment (Study 1–4). The teachers observed that 
the adaptive tutoring functionality that takes over task assignments and 
scaffolding could lead to increased individual exposure to students, lacking 
common learning objectives to talk about as a collective endeavour (Stud-
ies 2; Study 4). This conflict follows the difficulty of combining screen-
level pedagogy and orchestration-level pedagogy (du Boulay, 2019), which 
is also noted in the previous section 6.2.

The teachers expressed that they experienced that students were often 
assigned content and tasks they had not yet addressed. This means that 
the actions taken by the system did not fit into their planned instruction, 
which led to uncertainty and a perceived lack of control. The teachers 
emphasised that the selection of appropriate tasks to improve students’ 
learning is important. However, teachers felt that this critical competence 
was handed over to the computer. To get control, they wanted information 
in advance about what tasks the students would be assigned, which was 
impossible (Studies 2; Study 4). Another important aspect is that teachers 
cannot predict which learning objectives the adaptive tool determines are 
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suitable for the students. Teachers expressed that they lack insights into 
the analyses and predictions of the adaptive tutoring functionality. They 
could not explain the underlying didactic principles affecting its strate-
gies. 

6.3.2 CONTRADICTIONS

The activity of teaching with adaptive tutoring functionality generated two 
main contradictions identified in the studies. First, there is a contradiction 
that emerges between the rule (curriculum, curriculum guidelines and best 
practice), the tool (digital textbooks with adaptive tutoring functionality), 
and the object (implementation of teaching). Second, there is a contradic-
tion between the subject (teacher), the tool (digital textbooks with adap-
tive tutoring functionality), and the object (implementation of teaching), 
aggravated by the division of labour. (See fig. 6.3).

The first contradiction concerns the relation between the embedded 
pedagogy in the adaptive functionality, building on an individualistic view 
on learning, and the pedagogical norms /best practice, building on a view 
of learning and development embedded in collaborative activities. This 
contradiction can be linked to the previously described problem of align-
ing a collective classroom process with individual work (Section 6.2). The 
individual focus contrasts collective classroom practice and collaborative 
learning, which is even reinforced by the adaptive tutoring functionality 
that was designed to customise instruction for individual students.

The second contradiction concerns the teacher’s agency: how the rela-
tionship between subject and object is mediated by technology. The teach-
ers express this contradiction in a conflict of motives about transparency 
and control. Teachers´ accountability regarding the division of labour is 
a major concern here. Teachers have a personal, professional responsibil-
ity for planning, instruction, and evaluation of teaching, which has been 
shown to influence their motivation to engage in work and provide stu-
dents with high-quality instruction (Lauermann, 2014). Responsibility, 
in turn, invokes autonomy for teachers to do what is best for their stu-
dents. In their day-to-day work, teachers respond to student needs, and 
their professional responsibility is a proactive judgement in the interests 
of individuals and precedes accountability (Solbrekke & Englund, 2011). 
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Accordingly, teachers rely on their expertise to make informed decisions 
that benefit students. The contradiction emerges due to the division of 
labour regarding understanding students’ learning and tutoring strategies, 
which are automated processes embedded in the adaptive tutoring func-
tionality. The logic of the tutoring system, that is, how algorithms make 
specific choices regarding adaptation to student actions, is invisible or not 
easily understandable to the teacher. The studies from this thesis show 
that the teachers perceive the adaptive tutoring functionality as non-trans-
parent, both on the level of didactic design and on the level of unfolding 
operations.

The teachers express the former as lacking insight into what didactical 
approaches the system use, i.e., how student responses are analysed, and 
how or if the system deals with students’ misconceptions, knowledge gaps, 
and learning progression to meet the needs of students. In addition, the 
teachers could not understand the system’s strategies regarding underlying 
causal processes in didactical design.

Teachers express the latter as arguing that they cannot predict what the 
system is about to present to the students in advance, i.e., what the coming 
learning objectives will be, thus hindering them from being in control of 
and guiding the learning process. Usually, teachers set learning objectives 
that define students’ goals guided by curricula regarding student needs, 
and this process is incorporated into their instruction. Teachers guide stu-
dents and follow a preset learning path. Regardless of whether or not this 
is more beneficial to student learning, it creates a conflict in the activity 
system.

Regarding the aspect of the division of labour, teachers have profes-
sional responsibility for the teaching and are also held accountable for 
their work. They frequently have to address and explain their plans for 
teaching. Therefore, they must have control of instruction and classroom 
practice, which means that this contradiction connects to both teachers’ 
pedagogical beliefs and what counts as ‘good teaching’ alongside more for-
mal aspects of being held accountable in their professional work.
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6.4 SUMMARY
In this chapter, three activity systems—planning teaching; implementing 
teaching with data-driven decision support, and implementing teaching 
with adaptive tutoring functionalities—have been scrutinised in a synthesis 
of the results of the four empirical studies. The objective has been to reveal 
disturbances in the systems regarding conflicts of motives and underlying 
contradictions alongside congruencies when digital textbooks are imple-
mented as new tools in mathematics teaching using activity theory.

In conclusion, the attempt points out findings of more fundamental 
contradictions and coherences in the analyses of the different activity sys-
tems alongside what generalise across the systems.

The analysis of teachers’ planning activity showed a contradiction 
between a digital mathematics textbook designed with a high degree of 
flexibility of use and established forms of planning with a sequentially 
organised paper textbook. It should then be noted that the paper textbook 
was available in the planning activity, in addition to the digital textbook. 
The possibility of comparing the digital textbook with the paper textbook 
as a tool in planning is probably sharpening the contrast, given that the 
paper textbook fits into established forms of planning. However, despite 
this, it seems that the flexibility offered in the digital textbook poses a 
problem to teachers since it puts more burden on them regarding indi-
vidual and collective competencies (in the teacher teams) and additional 
time required to do the planning work. While flexibility to use resources 
is usually regarded as an asset for teaching, and especially then to fulfil the 
curricular demands to adapt teaching to individual students, flexibility is 
a challenge since it contradicts established mathematics teaching practice, 
which draws on the use of the paper textbook as a tool both for planning 
and implementing teaching.

Another aspect to note is that the tool’s flexibility is, as said above, a 
response to the curricular demands of supporting students with differ-
ent prerequisites. This means that the digital mathematics textbook tool is 
more tailored to support an individualised approach to teaching than an 
approach that builds on the collective classroom and collaborative learning 
as the basis of teaching. In the analyses of the other two activity systems, 
this aspect comes to the forefront.
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The analysis of teaching with data-driven decision support focuses on 
teacher’s implementation of teaching when working with digital textbooks 
and embedded dashboards. Three main contradictions are revealed, but 
also congruencies that show how functionalities in the digital mathematics 
textbook is integrated in the teaching practice.

First, there is a contradiction between the tool (digital textbooks with 
dashboards) and the object (implementation of teaching). The teachers 
work with the classroom as the organizational unit in orchestrating their 
teaching and this typically involves collaborative work, both as a means of 
supporting understanding and learning progression (i.e. a didactical tool), 
and as a means to gain access to students reasoning and learning by mak-
ing them express their understanding of particular tasks and solutions (i.e. 
a managerial tool). In the teachers´ perspective, the digital textbook does 
not support this kind of teaching since it is primarily designed to support 
mathematics education organized in a fundamentally different way, with 
individual students working on different sets of tasks.

Second, there are contradictions between the rule (curriculum and cur-
riculum guidelines and best practice), the tool (dashboard), and the object 
(implementation of teaching). This contradiction also concerns individual 
versus collective work but relating to the teachers attempts to meet cur-
riculum goals and guidelines that define core mathematical abilities and 
more general skills and abilities, cutting across subject. In doing so, teach-
ers orchestrate teaching based on the collective classroom as the organi-
zational unit, with an attempt to engage students in joint activities and 
collaborative work for learning and long-time development, rather than 
tutoring individual students in delimited subject matter areas, fulfilling 
short-term goals. 

Third, a contradiction emerges between the subject (teacher) and com-
munity (student). As said, teachers’ didactical focus is motivated by learn-
ing and development as a process with long-term goals. Lectures and activ-
ities in the classroom are understood as part of a long-term plan allowing 
the students in the class to, over time, develop mathematical skills and 
more general abilities. As students are faced with working with the digital 
textbook over time, their perspective is increasingly pushed towards short 
term task completion, while the teachers attempt to develop teaching as a 
more long-lasting development, this in turn change the relation between 
teacher and students. The students´ focus on task completion and correct 
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answers and are less willing to give teachers access to their learning process, 
with wrong answers and reflections on mistakes.  The close monitoring 
increased the pressure on the students to give a correct answer to all tasks 
to meet perceived expectations.

The analysis of teaching with data-driven decision support also showed 
congruencies. Accessibility to ongoing monitoring of student data visual-
ized on dashboards and support for adaptation to student needs provide 
actionable knowledge of students’ performance and work effort which 
increased their perceived control of each student’s work, during and 
beyond class time. The teachers expressed that the combination of moni-
toring each student’s results on previously assigned tasks together with the 
support for assigning new adapted tasks to individual students, facilitate 
their work. It makes it easier to meet the needs of students with a wide 
range of abilities in the same classroom. Furthermore, the teacher argued 
that the digital textbook makes low-achieving students work less visible to 
other students, contributing to a more inclusive classroom which foster an 
increased sense of belonging.

The activity of teaching with adaptive tutoring functionality contains a 
contradiction that concerns the relation between the embedded pedagogy 
in the adaptive functionality, building on an individualistic view on learn-
ing, and the pedagogical norms /best practice, building on a view of learn-
ing end development emerging in collaborative activities orchestrated on 
the classroom level. In accordance with the national curriculum, teaching 
is planned to fulfil both short-term goals of learning and mastering specific 
mathematics content and long-term goals of learning mathematical abili-
ties as well as developing more general skills and abilities.

Another contradiction concerns the agency of the teacher, i.e. how 
the relation between subject and object is mediated by technology (this 
is expressed in a conflict of motives about transparency and control). This 
contradiction emerges due to teacher’s perceived lack of control, and their 
possibility to understand the automated recommendations provided to 
students working with a digital textbook. Given that teachers are account-
able for supporting students in line with curricular goals and guidelines, it 
is a major concern that adaptive functionalities built into the mathematics 
textbook make didactical recommendations and guide students´ learning. 
This concern is probably strengthened by the lack of transparency, but 
even with a higher degree of transparency the contradiction is not resolved.
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CHAPTER 7

DISCUSSION

Over the years, the policy has prescribed the use of digital technologies 
as tools for teaching and learning (e.g., Conrads, 2017; EU, 2020; Swed-
ish Ministry of Education, 2017). An increased number of studies aim to 
understand the effects on student teaching outcomes with digital tech-
nology in classrooms (see, for example, Swedish Institute for Educational 
Research, 2017). Complementing research on effects, this thesis rather 
focuses on the teachers work activities when making practical use of a digi-
tal mathematics textbook. Digital mathematics textbooks have received 
increased interest from researchers, the private sector, and practitioners 
(Choppin & Borys, 2017; Fan et al., 2013; Pepin & Choppin, 2018). By 
now, many digital textbooks have evolved into digital platforms designed 
to support teachers with planning, management, instruction, and student 
evaluations (Choppin & Borys, 2017; Gueudet et al., 2021). They are also 
increasingly being designed to align with and integrate with learning man-
agement systems. Regarding the research presented in this thesis, this is of 
certain interest because it shows that digital textbooks must be described 
and analysed from a systemic and infrastructural perspective rather than 



92 93

CHAPTER 7

DISCUSSION

Over the years, the policy has prescribed the use of digital technologies 
as tools for teaching and learning (e.g., Conrads, 2017; EU, 2020; Swed-
ish Ministry of Education, 2017). An increased number of studies aim to 
understand the effects on student teaching outcomes with digital tech-
nology in classrooms (see, for example, Swedish Institute for Educational 
Research, 2017). Complementing research on effects, this thesis rather 
focuses on the teachers work activities when making practical use of a digi-
tal mathematics textbook. Digital mathematics textbooks have received 
increased interest from researchers, the private sector, and practitioners 
(Choppin & Borys, 2017; Fan et al., 2013; Pepin & Choppin, 2018). By 
now, many digital textbooks have evolved into digital platforms designed 
to support teachers with planning, management, instruction, and student 
evaluations (Choppin & Borys, 2017; Gueudet et al., 2021). They are also 
increasingly being designed to align with and integrate with learning man-
agement systems. Regarding the research presented in this thesis, this is of 
certain interest because it shows that digital textbooks must be described 
and analysed from a systemic and infrastructural perspective rather than 



94

as a standalone tool. The implementation of digital textbooks should then 
be considered an important component in the digitalisation of education, 
aligning pedagogy with educational administration.

Digital mathematics textbooks increasingly include advanced software 
components, which can give access to multimodal approaches, different 
modes of representations, students’ user data visualised on dashboards and 
adaptive tutoring functionality (Hegedus & Tall, 2015; Hoch et al., 2018). 
These features are intended to be taken up by teachers and integrated into 
teaching and learning activities. This thesis illuminates that digital math-
ematics textbooks used in actual teaching generated problematic situations 
for the teachers when current teaching practices (based on a tradition of 
paper textbooks) were to be aligned with digital technology. Mathematics 
teachers who worked with digital textbooks faced added complexity in 
their classrooms. Some problems were resolved when new approaches were 
implemented and made aspects of teaching better, while other problems 
persisted due to a lack of complementarity between teachers’ work and a 
digital textbook. Chapter 6 comprises a synthesis of the contributions of 
the studies, presenting both conflicts and improvements.

This chapter aims to broaden the discussion of teaching with a digital 
mathematics textbook. First, the discussion addresses features in a digital 
mathematics textbook that were vital for teachers and should therefore 
receive increased attention in the design of a digital mathematics text-
book. Second, the design process of digital mathematics is discussed to 
address teacher needs and explore how technology could improve instruc-
tion. Third, this section suggests key competencies for teachers to take 
advantage of digital mathematics textbooks. Fourth, a systemic perspective 
on teaching with a digital mathematics textbook is discussed. After this, a 
methodological reflection is presented, and finally, ideas for future work. 

7.1 THE DESIGN OF DIGITAL MATHEMATICS 
TEXTBOOKS

Mathematics teachers arrange teaching, allowing for individual work with 
textbooks, but still framed by a collective classroom, to implement the 
curriculum. The studies presented in this thesis show that current teach-
ing practice is inadequately supported by digital mathematics textbooks 
regarding classroom-level collaborative activities. Mathematics education 
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in Sweden is governed by a national curriculum framing the teaching. 
Therefore, the teachers planned their work to align instruction with the 
learning goals drawn from the national curricula. In addition to core con-
tent, more generic mathematical abilities are expressed in the curriculum 
and include problem-solving, procedures, concepts, reasoning, and com-
munication (Swedish National Agency for Education, 2018). These abili-
ties, alongside the core content, build the knowledge requirements, which 
are the foundation for assessing and grading students. 

Furthermore, there is still another level in the Swedish curriculum of 
importance to how teaching is designed and enacted in Swedish compre-
hensive education. The initial chapters in the national curriculum pre-
scribe the core values and mission of schooling and general aims and 
guidelines, respectively (Swedish Ministry of Education. (2017). The gen-
eral aims focus on students´ long-term development, while the guidelines 
focus on what should characterise teaching and the learning environment 
within the frames of core values and the mission of schooling. For exam-
ple, schools should address 21st-century skills, such as critical thinking, 
creativity, problem-solving, communication, and digital competence, that 
are important for students in a future society and workplaces (OECD, 
2018).

Results from this work also highlight that the teaching design is based 
on a belief that collaboration in the classroom is important because it serves 
as a context for student learning and allows teachers to gain information 
on students’ knowledge in mathematics. Being able to apply core content 
knowledge in more generic activities is also, in itself, connected to con-
temporary societal values. Hence, it is important for teachers that a digital 
mathematics textbook support them to implement such an approach, or 
at the least, not work against a collective classroom.

Teachers have always put much effort into trying to understand what 
their students are learning based on classroom work and tests to inform 
their instruction and assessment. The capability of digital textbooks to 
monitor students’ work and provide the data to teachers were appreciated 
by teachers in this work. They engaged in new ways of teaching when the 
information on students’ struggles or successes in the digital textbook was 
made available in close to real-time and visualised on dashboards, allow-
ing them to react more directly. Accordingly, teachers gained increased 
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control of student achievements and could more easily identify students 
at risk of falling behind; as such digital textbooks became valuable tools 
and effective in assisting in some aspects of teachers’ work. It is fairly safe 
to say that the inherent properties of a technology influence behaviour 
in sometimes non-transparent ways. A technology restricts, enables, and 
promotes certain technology user actions (Hanseth & Monteiro, 1997). 
As such, it is plausible that digital textbooks’ effectiveness in monitoring 
students will reinforce teachers’ focus on what students are doing and, 
in such ways, increase the dependency of student user data. It may be an 
attempt not to take advantage of a digital textbook’s powerful features. 
However, issues regarding monitoring, type of collected data, and privacy 
are problematised in the literature (Cukurova et al., 2020; Slade & Prin-
sloo, 2013; Viberg et al., 2021). This work shows that automated data col-
lection that includes monitoring of students affects both student privacy 
and the relationship between teacher and students. This suggests that, in 
addition to legal obligations, openness and transparency between teachers, 
students, and parents concerning the value of collecting data and its use 
is important. It may also be a good idea to consider what kind of data is 
necessary and avoid collecting data simply because it is possible. Further, 
it is crucial to collect data that measure important skills and not just what 
is easy to measure. 

There is a possibility that these technologies can empower teachers’ 
engagement in teaching and free them up to maintain other educational 
goals, such as more general abilities (Ma et al., 2014; Craig et al., 2013; 
Schiff, 2020). On the other hand, increased automation and adaptivity, 
i.e., functionality that is not intended as a tool for the teacher but rather 
replacing previous teacher-driven activities, can lead to teachers becoming 
side-lined, putting teachers in a lower-level role. Researchers highlight, for 
example, the risk for adaptive tutoring systems to interfere and override 
teachers’ informed decision making (Choppin & Borys, 2017; Hao, 2019; 
Schiff, 2020). Yang et al. (2021) argued that the more advanced software 
affects people’s lives and actions, the more they need to understand how 
digital systems work. This is even more challenging when machine learn-
ing is involved. Then it might be the case that even programmers may not 
understand opaque decisions made by the system (Schiff, 2020). This con-
sequently also implies decreased agency for teachers, and the matter here 
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is who controls students’ educational process. Given the results from the 
studies in this thesis, there are good arguments that technologies should 
mainly complement teachers and automate processes that can be handed 
over while still placing teachers in control of their teaching. 

It may appear that the technology must be changed based on the con-
ditions of practice. However, one could also argue that it is necessary to 
transform current practices and the educational system more generally. 
This thesis reveals opportunities for development of teaching with digi-
tal textbooks by pointing out contradictions (see Chapter 6), which can 
act as a source of change and development for new ways of structuring 
and enacting the teaching activity. Changes and improvements at the 
action level may be fruitful in the short run, but a transformation at the 
activity level is more likely to generate durable influence in the long run 
(Engeström, 2011).

7.2 THE PROCESS OF DESIGNING DIGITAL 
TEXTBOOKS

There are an increased number of voices arguing that EdTech companies 
are a too powerful driving force in the development of teaching and learn-
ing technologies and that teachers have far too little to say in this process 
(Cuban, 2013; Hillman et al., 2020; Williamson, 2017; Selwyn, 2017). 
Accordingly, educational technologies introduce inherent conditions set 
by the designer, knowingly or not, that influence teaching and learning 
activities in the classroom. As Clark-Wilson et al. (2020) argued regarding 
the expanded range and power of technology in mathematics education:

There are inherent design decisions that are made by technology 
developers concerning the nature of the mathematics to be repre-
sented alongside implicit or explicit notions of a desired pedagogy 
(how learners are expected to learn), and the role of the teacher in the 
technology-mediated context (pp. 1226).

The overall result of this thesis indicates a need to incorporate profession-
als who can represent different skills and experiences when designing a 
digital mathematics textbook, incorporating an understanding of the text-
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book in the context of educational activities. The findings also suggest that 
professionals should work closely together throughout the entire digital 
textbook design and implementation process to genuinely improve educa-
tional activities.  Such a long-term design process could identify whether 
teaching outcomes with a digital textbook are desired and if the digital 
textbook remains useful for the teachers over time.

Professionals with different expertise can jointly respond to work prob-
lems or dilemmas, enrich interpretations of multifaceted tasks, and build 
common knowledge (Edwards, 2005). Therefore, it is not just to under-
stand the workplace in which the technology is aimed to be implemented, 
but it “involves gaining sufficient insight into purposes and practices of 
others to enable collaboration” (Edwards, 2011, pp. 34). Such a process 
demands that designers, researchers, and teachers recognise each other 
as resources, consider responses in the group, offer support for others’ 
actions, and help when something is difficult to understand. This provides 
resources for designers to understand how teachers and students interact 
with the system in an actual environment to inform the design process. 
Understanding the environment in which the digital textbook is used and 
the teachers’ situation is essential to tailor the design to teacher needs, sug-
gest technical solutions, and explore opportunities for how teaching and 
learning activities can be improved. Teachers can, in their roles, suggest 
new solutions, identify technical features that meet their needs to take 
advantage of opportunities provided by EdTech products and test them 
in their classrooms. Teachers can also contribute with student experiences 
and capabilities of using features in a digital textbook. Indeed, during the 
empirical work, teachers in the studies on their own initiative often came 
up with ideas for design changes in the digital textbook in response to a 
problem they encountered. This was particularly common in the Change 
Laboratory study, that involve methods intended to integrate changes and 
participants’ agency (Engeström, 2011). Further, a presumption should 
be that teachers need ample time to learn to use the system but also how 
they can adjust instruction to benefit from the technology. Additionally, 
researchers can share evidence-based knowledge, provide new ideas, and 
evaluate the design process and implementation of the technology in a 
methodological and structured way.

99

7.3 KEY COMPETENCIES FOR TEACHING WITH A 
DIGITAL MATHEMATICS TEXTBOOK

It has been established that teachers are key actors in integrating technol-
ogy in schools (e.g., Tallvid, 2016) and in applying digital mathematics 
textbooks in teaching and learning activities (Lew, 2016). In the stud-
ies in this thesis (as also shown by Remillard, 2016; Pepin et al., 2016), 
it becomes clear that digital mathematics textbooks put teachers in a 
new position and that they need additional training to develop extended 
competencies to be able to take advantage of the new digital resources. 
Teachers address different educational needs for each student to succeed 
in school. Given this, advancements in technology and its potential to 
support diversity among students have led to an increased interest in adap-
tive learning systems (also termed personalisation and individualisation) 
(Aleven et al., 2017; Choppin & Borys, 2017; Confrey, 2016). This can be 
approached through the flexibility of a digital textbook comprising a mul-
titude of resources together with dashboards that provide rich information 
to teachers on students’ achievements. As such, it can help teachers as a 
repository and organiser for teaching and learning resources in a specific 
subject. The teacher can take advantage of a digital textbook by having 
skills in selecting appropriate resources and making decisions informed by 
available dashboards. 

However, the studies showed a dilemma between various choices and 
the competence needed for teachers to benefit from these choices to adjust 
instruction to student needs. On the one hand, various choices in the 
digital textbook allow for more adaptivity regarding student needs; on the 
other hand, the more features the teacher is demanded to understand and 
manage when choosing between the different alternatives and combina-
tions. The same goes for the teacher dashboards: the more information 
and advanced visualisations that are presented, something that in many 
cases were requested by the teachers, the more knowledge, skills, and time 
are required from the teacher to make dashboard information actionable 
knowledge in their teaching. Similar results are reported in Datnow and 
Hubbard (2016), who showed that teachers need extended skills beyond 
the knowledge of assessment to turn data into actionable knowledge and 
to use it effectively and that it is also necessary for teachers to deeply 
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7.3 KEY COMPETENCIES FOR TEACHING WITH A 
DIGITAL MATHEMATICS TEXTBOOK

It has been established that teachers are key actors in integrating technol-
ogy in schools (e.g., Tallvid, 2016) and in applying digital mathematics 
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digital textbook allow for more adaptivity regarding student needs; on the 
other hand, the more features the teacher is demanded to understand and 
manage when choosing between the different alternatives and combina-
tions. The same goes for the teacher dashboards: the more information 
and advanced visualisations that are presented, something that in many 
cases were requested by the teachers, the more knowledge, skills, and time 
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understand the subject content, curriculum, and how students learn to 
analyse patterns of student achievements, strengths, and weaknesses. Mar-
tinez-Maldonado (2016) emphasised that teachers also need competencies 
to make sense of student data collected from students’ learning activities 
tracked across different tools and across physical environments where they 
engage in learning. This might be like an argument to design increasingly 
simple dashboards, but when digital textbooks are designed as easy to use 
regarding a stable structure and simpler dashboards, they might not suf-
ficiently allow for opportunities for teachers to adjust their instruction.

The studies also showed a challenge for teachers when they needed to 
integrate the embedded pedagogy in a digital textbook, operating at the 
student level, with their pedagogy of orchestrating teaching and learning 
activities at the classroom level. As students worked with the digital text-
book and interacted with the learning material that was presented on the 
screen, intended to support learning for individual students, reinforced by 
the automated adaptive tutoring functionality that was designed to target 
the student individually, the teachers who tutored the whole class strived 
to integrate student experiences from interactions with the digital textbook 
into the wider classroom context. This is also noted by De Boulay (2019, 
pp. 2913) as an important teacher task when students work with technol-
ogy in the classroom, stating that “it is currently the teacher’s job as part of 
orchestration to contextualise the experience, skills and concepts that the 
learner will encounter”. Even though technology can adapt to individual 
student performance, it cannot adapt to the classroom as a lived space. 
The teacher relates to their students as human beings and to the context in 
which the technology is being used, leaving these aspects of adaptation to 
the teacher. Considering this, the studies imply that teachers must apply a 
pedagogical strategy that allows students to reflect and communicate with 
each other and the teacher in the classroom about their individual diverse 
mathematical experiences they have had in the interaction with the digital 
textbook. 

As argued above, digital textbooks that provide many resources and 
choices can be perceived as complex and difficult to handle by the teachers. 
Besides calling for increased and appropriate teacher training, this flexibil-
ity can be viewed as a resource in collective development work. Clark-Wil-
son et al. (2020) put forward that collaboration in teacher teams can posi-
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tively affect professional development for teachers in mathematics working 
with technology. This was also found by Willermark (2018), who noted 
that teacher collaboration and shared experiences in groups made teaching 
activities in classrooms change over time. As a result, changing attention 
from teachers’ individual knowledge to learning in teacher teams contrib-
uted to organisational development. Teaching competence is situated in 
action, and as such, it is best understood in authentic teaching settings 
(Pareto & Willermark, 2019). In addition, information technology pro-
vides teachers with opportunities to communicate and interact within an 
extended community. Informal online teacher communities (i.e., online 
groups, blogs, and Twitter) are increasingly becoming an important aspect 
of professional development (Lantz-Andersson et al., 2018), which could 
be a way for individual teachers to exchange ideas with others.

In this work, identified key competencies of teachers working with 
a digital textbook include: (1) Enactment of intended curricula and 
the creation of learning paths based on student needs while navigating 
among large amounts of resources in a digital textbook. (2) Understand-
ing and interpreting student data on dashboards to answer questions that 
give actionable knowledge (complemented with informal and formal 
data collected by the teacher) for instruction and assessment. (3) Manag-
ing a collective classroom environment as a foundation for learning and 
guiding each individual student interacting with a digital textbook. (5) 
Understanding AI functionality and its role regarding pedagogy, curricula, 
and automation. (6) Collaboration skills for professional development in 
teacher teams that analyse and improve teaching with a digital textbook.

7.4 TEACHING WITH DIGITAL MATHEMATICS 
TEXTBOOKS – A SYSTEMIC PERSPECTIVE

In this thesis, teaching with a digital mathematics textbook is analysed 
with concepts from activity theory. Analytically, this allows the researcher 
to disengage partly from teachers’ expressed experiences and provides 
resources to identify the systemic implications of the new tool used in the 
activity. A teacher’s readiness to use digital tools and how a teacher’s use 
of these tools unfolds centres around how relations between the teacher’s 
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context and tools are aligned (Zbiek et al., 2007). Accordingly, the activity 
theory is sensitive to the teaching context regarding social, cultural-histor-
ical, and technical aspects. This means that problems faced by the teach-
ers were related to several aspects in the context of teaching, and as such, 
the activity system mediated through a digital textbook was explored. To 
understand the disturbances faced by teachers, they were analysed accord-
ing to their relations in the activity system.

The studies show that teaching with a digital textbook was demanding 
because each teacher must developed continuity between existing condi-
tions and new conditions. This is an interactive process between a domi-
nant activity and a new non-dominant activity in which the dominant 
activity has a higher status (Sannino, 2008). The use of tools for teaching 
mathematics has a long history and probably the most ubiquitous tool is 
the book (Roberts, 2014). A paper textbook is a tool for teaching in terms 
of planning, implementation, and evaluation. It is a source of subject con-
tent and pedagogical strategies (Fan et al., 2013; Oates, 2014; Pepin et 
al., 2015). Hence, the paper textbook is an established cultural tool that 
gains meaning and value in the dominant activity. A paper textbook is an 
accustomed tool for many mathematics teachers and integrating a digital 
textbook shaped a new non-dominant activity.

Teachers in the studies who worked with a digital mathematics text-
book had to deal with situations in which they met contradictory issues 
and faced conflicts of motives. Consequently, teachers’ engagement led to 
a need or necessity to resolve this situation. Conflicts of motives are rooted 
in contradictions and systemic tensions at the activity level; they are unsolv-
able by the teacher alone. As such, contradictions need to be resolved col-
lectively by the subjects in a community. In the words of Sannino (2010), 
“working out conflicting motives is an avenue into an engagement with 
the actual systemic contradictions of the given activity” (pp. 843). This was 
promoted in the fourth study with a formative intervention as a Change 
Laboratory, which is described in chapter 4. The teachers’ made efforts to 
reshape conditions and realise possible alternatives. Hence, contradictory 
situations should not be considered solely problematic but rather a driv-
ing force ultimately leading to change and development. This process is 
characterised by the teachers’ agency, which appears in volitional actions 
developed in the activity and connected to motives and contradictions. 
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Agency captures the effort to resolve messy context-dependent problems, 
often demanding and confounding (Engeström et al., 2020; Haapasaari 
et al., 2016).

7.5 METHODOLOGICAL REFLECTIONS
My background as a teacher and developer has given me useful knowl-
edge of mathematics education. This provides me, as a researcher, insider 
knowledge from many perspectives in the field of study, but concurrently, 
the experience is a foundation for preconceptions of the practice – a well-
known dilemma when making the research credible (Bonner & Tolhurst, 
2002; Brinkman & Kvale, 2015; Kanuha, 2000). 

Researchers who apply qualitative methods often position themselves 
as insiders or outsiders to clarify their roles in the field of study. Generally, 
insiders choose to do research on a group or an organisation to which they 
belong, and outsiders are not seen as belonging to the group or organisa-
tion of study (Breen, 2007). Dwyer and Buckle (2009) provided nuance 
and suggested that a researcher can only occupy the space between an 
insider and an outsider role. Hence, the researcher is always closer or less 
close to the insider or the outsider position. They highlight that the close-
ness of qualitative research does not allow for a true outsider perspective, 
and the researcher’s role does not qualify for a complete insider member-
ship, and as such, the space between is occupied. Mercer (2007) proposed 
that the insider/outsider perspective is better understood as a continuum 
where researchers constantly oscillate. This resonates with my position as 
a researcher, which has moved towards insiderness when teaching math-
ematics and shifted to a more distant position regarding teaching with 
digital technology.

As researchers understand themselves as closer to an insider perspec-
tive, Bonner and Tolhurst (2002) outlined three key advantages: an already 
established relationship with the field of study, a deep understanding of the 
local conditions and ‘what is going on’, and the ability to involve fully and 
interact naturally. Postholm (2020) reported that competence regarding 
understanding the teaching practice and supporting teaching and learning 
processes gave them authority, influence, and trust. They concluded that 
“it is a great advantage to know the teachers’ practice from the inside” (p. 
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333). Unluer (2012) also described how he experienced benefits through 
gaining access to the field, speaking the insider’s language, having sponta-
neous conversations that enriched the data, and understanding the local 
values that gave meaning to implicit messages.

There are also problems associated with being a researcher further 
towards the insider in the continuum. This may lead to bias in generat-
ing and analysing data (Bonner & Tolhurst, 2002). Researchers can iden-
tify themselves very closely with the practitioners, which means that an 
analytical distance is lost. Instead, the researchers take the practitioners’ 
perspectives, sometimes referred to as going native (Brinkman & Kvale, 
2015). For example, Kanuha (2000) realised in her interview transcripts 
that a lot of the interaction between her and the participants had gone 
unsaid and comprised a shared understanding through vague comments, 
taken-for-granted assumptions, innuendoes, and incomplete sentences. In 
a review, Mercer (2007) found that educational researchers with a teach-
ing background must contend with their preconceptions that have been 
formed due to a shared history with the field of study.

Another challenge in the research presented was the actual practical 
aspects allowing the research to be conducted. Researchers must care-
fully consider the practicality of an intended study to determine whether 
it is feasible to conduct (Cohen et al., 2018). In my case, it turned out 
that ongoing teaching with digital mathematics textbooks was difficult 
to access. This new technology remains rare in mathematics classrooms, 
which affected my choice of methods and the selection of participated 
teachers. A solution for me was introducing a digital textbook to teachers, 
which I did in the second and fourth studies. Here, my background as a 
teacher helped me access teachers and established a close relation. When I, 
in Study Three, decided to attempt to access ongoing teaching with digital 
textbooks, I managed to find knowledgeable teachers who were also moti-
vated to participate in the study. 

There is an increased interest in improving cooperation among stake-
holders in education (for example, teachers, academia, policymakers, and 
EdTech companies) to explore and apply new opportunities using digital 
technology (Ministry of Education and Research, 2017). There are also 
recommendations for academia and schools to create long-term collabora-
tion around practice development research and teacher-researchers (SOU 
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2018:19). Both researchers and practitioners have observed a gap between 
educational research and practice (as also described by Broekkamp & 
van Hout-Wolters, 2007; van Schaik et al., 2018). A relationship of col-
laboration between researchers and teachers can enable shared learning 
(Baumfield & Butterworth, 2007), which has been reported to promote 
reflection and change in teaching practices (Grau et al., 2017). In addi-
tion, research that takes place over a longer period allows the researcher to 
involve and interact with the study activity (DeWalt & DeWalt, 2011) and 
understand the system’s movement that occurs over time (Edwards, 2000; 
Engeström & Sannino, 2011).

The Change Laboratory research method was selected to further collab-
oration and development of locally constructed knowledge. In a Change 
laboratory, researchers and practitioners meet to undertake a developmen-
tal work project (Engeström & Sannino, 2011). In so doing, Sutter (2011) 
highlighted that researchers participate in a research activity aimed at 
organising an intervention and supporting the development of the ‘other 
activity’ that has a manifested problematic situation. This other activity is 
oriented towards the resolution of the problematic situation in practition-
ers’ work. Sutter emphasises that difficulties can arise both in the research 
activity and in the other activity. In a Change Laboratory, researchers and 
practitioners bring with them resources that can mutually support each 
other in a joint hybrid activity.

In a Change Laboratory, the course of the formative process is a matter 
of collective and purposeful effort to innovate and change. The practition-
ers own the process but are led by the researchers. Sometimes in Change 
Laboratories, a gap has been observed between “the highly motivated mod-
elling phase in which participants designed a new concept for their work, 
and the implementation phase in which numerous obstacles and persistent 
inertia tended to take over” (Engeström & Sannino, 2010, pp. 20). This 
was also observed in this work when new models tested in the classroom 
led to unsuccessful teaching, as they impeded instruction and student 
learning. It was challenging to turn a problematic situation associated with 
partial motivation into an engagement to bring about change. Therefore, 
to do so, external activities were organised to increase motivation and pro-
mote developmental work in the ‘other activity’ (Sutter, 2011). This led 
to an extended role for the researcher becoming responsible for following 
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activities. First, joint workshops and lectures for the teachers at the two 
participating schools were arranged. Second, it was arranged for the teach-
ers to participate and present their locally created knowledge at a teaching 
conference. Finally, an article was written jointly by the researchers and 
the teachers published in a teaching magazine. In addition, these external 
activities facilitated the ‘research activity’ (Sutter, 2011) and expanded dis-
cussions that were recorded for later analysis.

7.6 LIMITATIONS AND FUTURE WORK
The result is affected by the relatively low numbers of teachers, their 
belongings to different levels in the school system, and the selection of 
digital mathematics textbooks. This means that the result is based on the 
uniqueness of local contexts that should be considered regarding whether 
the findings can be applied. The intention has been to provide a rich, con-
textualised understanding (Cohen et al., 2018; DeVaus, 2001) of teaching 
with digital mathematics textbooks, which can inform what might happen 
in similar situations, but the richness also provides resources for readers 
to possibly extend the findings to new systems of activity (Virkkunen & 
Newnham, 2013). I argue that the richness of descriptions, the application 
of activity theory to make analyses on a systemic level, and support from 
previous research extend the findings to related contexts. 

The work of this thesis suggests a need to further explore how digital 
mathematics textbooks could be designed and integrated in teachers’ work 
to improve implementation of teaching. In this work, digital mathematics 
textbooks available on the market for subscriptions were selected. Another 
direction would be to increase teachers’ agency regarding the design of 
digital textbooks. A teacher-oriented approach in which they are involved 
in the design process could provide an increased understanding of teach-
ers’ perspectives since not all possible problems in actual teaching could 
be anticipated  (Bartolomé et al., 2018; Zawacki-Richter et al., 2019). In 
addition, digital textbooks are mainly designed as ready-to-use resources 
provided to teachers for direct use. In contrast, they could be produced 
to allow for flexible adjustments to a local context by the teachers them-
selves. Studies in other sectors, such as health care, support the view that 
adaptation and contextualisation of the use of technology can lead to local 
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variations (Lundin et al., 2015). Therefore, future research can examine 
how to enable teachers to adjust the digital textbook design for their own 
purposes and to their specific local needs at use time. Further, there is a 
lack of studies attending to students’ experiences using digital mathematics 
textbooks (Pepin et al., 2017), which makes this a relevant and important 
area to explore.
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CHAPTER 8

SWEDISH SUMMARY

Det övergripande syftet med denna avhandling är att analysera lärares 
undervisningspraktik när digitala matematikläromedel används och sam-
tidigt ge ett mer allmänt bidrag till förståelsen av en digitaliserad matema-
tikundervisning. 

Den pågående teknikutvecklingen och förändringar i läroplanerna 
medför att intresset för att använda digitala resurser i undervisningen sta-
digt tilltar. En ökande del av digitala läromedel i matematik designas för 
att kontinuerligt och i realtid samla in data om eleverna. Detta bidrar till 
ett förhöjt intresse för datadriven undervisning där lärare får tillgång till 
information om elevernas arbete och där adaptiva funktioner ger automa-
tiserade rekommendationer till elever och lärare (Pepin et al., 2017; Wil-
liamson, 2017).  

Läroboken har en lång tradition inom matematikundervisningen och 
det framhålls ofta att det finns en stark koppling mellan matematikbo-
ken, undervisning och lärande (Haggarty & Pepin, 2002 Johansson, 2006; 
Lepik, 2015; Ulusoy & Incikabi, 2020). Den tryckta läroboken har under 
lång tid fungerat som en resurs för matematiklärare genom att förmedla 
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ämnesinnehåll, undervisningsstruktur och elevuppgifter. Detta medför att 
nya digitala läromedel som introduceras i matematikundervisningen ska 
integreras i en etablerad praktik där tryckta läroböcker länge varit domin-
erande. 

I avhandlingen ställs tre forskningsfrågor:
• Vilka motsättningar uppstår när lärare planerar och genomför sin 

undervisning med ett digitalt matematikläromedel? 
• Vilka motsättningar och congruencies uppstår när lärare planerar 

och genomför sin undervisning med data-drivet beslutsstöd i ett 
digitalt matematikläromedel?

• Vilka motsättningar uppstår när lärare planerar och genomför sin 
undervisning med ett adaptivt digitalt matematikläromedel?

Som teoretisk utgångspunkt används verksamhetsteori (Activity theory) 
(Engeström, 2015). Teorin har sitt ursprung i ett sociokulturellt perspektiv 
och teorier om mediering (Vygotsky, 1978) som förklarar hur människor 
förstår sin omgivning och agerar i den med hjälp av kulturella verktyg. 
I denna avhandling är verktyget ett digitalt matematikläromedel som 
för med sig erfarenheter från personer som tidigare har försökt förbättra 
undervisning och lärande. Erfarenheterna synliggörs i läromedlets design 
och hur digitala läromedel används, och bär på så sätt med sig traditioner 
från matematikundervisning och matematiklärande. I aktivitetsteori 
är aktiviteten det centrala begreppet för att beskriva verksamheter, som 
i detta fall är lärares undervisning, dvs. planering och genomförande av 
undervisning med digitala matematikläromedel (Fig. 1).
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Figur 1. Ett aktivitetssystem (Engeström, 2015, min översättning).

Figuren ovan illustrerar hur ett digitalt läromedel (verktyg) medierar lära-
rens (subjekt) agerande mot aktivitetens objekt. Samtidigt påverkar det 
digitala läromedlet (och påverkas av) aktivitetens regler, gemenskap och 
arbetsdelning. Det innebär att om en komponent i aktiviteten förändras 
så påverkas hela aktiviteten, eftersom den är dynamisk och alla kompo-
nenter relaterar till varandra. Detta synliggör den komplexa funktion som 
ett digitalt läromedel kan få i undervisningen. De olika komponenterna i 
aktivitetssystemet kan skapa spänningar som har sitt ursprung i systema-
tiska motsättningar, contradictions (Engeström, 2015). Dessa motsättnin-
gar gör det svårare för läraren att nå sitt mål med undervisningen. Samti-
digt, när dessa motsättningar uppmärksammas, kan de bli drivkraften för 
utveckling när förändringar görs i aktiviteten (Roth & Lee, 2007). Detta 
innebär att systematiska motsättningar i aktivitetssystemet inte självklart 
är problematiska, då de också är grunden för utveckling. I denna process 
formas congruencies, som skapar harmoni och överensstämmelse mellan 
relationerna i aktiviteten när ett verktyg används (Karanasios & Allen, 
2014). Congruencies är ett begrepp i aktivitetsteorin som innebär att verk-
tyg medierar handlingar som passar in i aktivitetssystemet. Det är alltså 
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ingen egenskap hos verktyget. Congruencies gör att planering och genom-
förande av undervisningen fungerar bättre eller synliggör möjligheter i ett 
längre perspektiv när aktiviteten ändras för att anpassa sig till det digitala 
läromedlet och undervisningen.

Avhandlingen innehåller fyra delstudier (Fig. 2) som är genomförda i 
grundskolan med sammanlagt 41 deltagande matematiklärare.

Figur 2. Tidslinje över de fyra delstudierna.

Den första studien (studie 1) genomfördes för att förstå matematiklärares 
motiv till att avstå, eller sällan använda, digitala verktyg i sin undervisning. 
Resultatet gav en övergripande förståelse för lärarnas perspektiv på digitala 
verktyg i matematikundervisningen och har använts som bakgrund till de 
tre följande studierna (studie 2, 3 & 4). I studie 2 genomfördes en interven-
tion där lärare introducerade och använde ett digitalt matematikläromedel 
under sex veckor. Detta gav en möjlighet att undersöka vilka konsekvenser 
det fick för undervisningspraktiken. Resultat från denna studie undersök-
tes mer noggrant i de två följande studierna (studie 3 & 4). I studie 3 
undersöktes undervisningspraktiker där matematiklärare använder digi-
tala matematikläromedel och datavisualiseringar av elevernas arbete som 
beslutsstöd. Studie 4 är en del av ett tvåårigt praktikutvecklande forskn-
ingsprojekt. Empirin till studien genererades under sex månader som en 
del av en formativ intervention (Change Laboratory) (Engeström, 2016; 
Virkkunen & Newham, 2013). Avsikten var att integrera ett adaptivt digi-
talt läromedel och undersöka konsekvenser av den adaptiva funktionen för 
lärarnas undervisning. 

I en sammanfattning av resultaten från de fyra delstudierna har tre sub-
aktiviteter analyserats, som tillsammans skapar en övergripande aktivitet. 
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De tre aktiviteterna omfattar planering av undervisning, planering och 
genomförande av undervisning med data-drivet beslutsstöd samt planer-
ing och undervisning med adaptiva undervisningsverktyg.

Analysen av den första aktiviteten fokuserar på lärarnas planering 
av sin undervisning. Studierna visar att uppstår en motsättning mellan ett 
digitalt matematikläromedel utformat med en hög grad av flexibilitet i 
användningen och med etablerade former av planering med ett sekven-
tiellt organiserat tryckt matematikläromedel. Det förefaller som att flexibi-
liteten som erbjuds i den digitala läroboken utgör en svårighet för lärarna, 
eftersom det belastar dem ytterligare när det gäller individuella och kolle-
ktiva kompetenser (i lärarteam) och den ytterligare tid som krävs för att 
planera undervisningen. Även om flexibilitet i att använda resurser van-
ligtvis betraktas som en tillgång när undervisningen planeras, och särskilt 
då för att uppfylla läroplanernas krav på att anpassa undervisningen till 
enskilda elever, är flexibilitet i läromedlet en utmaning eftersom den strider 
mot etablerad matematikundervisning, som bygger på användning av den 
tryckta boken som ett verktyg för både planering och genomförande. En 
annan aspekt är att verktygets flexibilitet är ett svar på läroplanernas krav 
på att stödja elever med olika förutsättningar. Detta innebär att det digitala 
matematikläromedlet är designat för att stödja en individualiserad under-
visning i stället för en klassrumsundervisning som tar utgångspunkt i ett 
gemensamt lärande. I analyserna av de två andra aktivitetssystemen blir 
denna aspekt mer synlig.

Analysen av den andra aktiviteten, med datadrivet beslutsstöd, 
fokuserar på lärarens planering och genomförande av undervisning när 
de arbetar med digitala matematikläromedel som innehåller datavisuali-
seringar av elevernas arbete. Tre huvudsakliga motsättningar är identifi-
erade, men också congruencies som visar hur funktionaliteter i den digitala 
matematikboken är integrerade i undervisningen.

För det första finns det en motsättning mellan digitala matematikläro-
medel med datavisualiseringar och planering och genomförande av under-
visning. Lärarna arbetar med klassrummet som en organisatorisk enhet för 
att genomföra sin undervisning och detta innebär vanligtvis samarbetsar-
betsaktiviteter i klassrummet, både för att stödja elevernas lärande (dvs. ett 
didaktiskt verktyg), och som ett sätt att få tillgång till elevers lärande genom 
diskussioner (dvs. ett organisatoriskt verktyg). Lärarna lät eleverna arbeta 
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enskilt och ramade in undervisningen i ett gemensamt lärande i klassrum-
met. I lärarnas perspektiv stöder den digitala läroboken inte denna typ av 
undervisning, eftersom den digitala läroboken är utformad för att stödja 
en matematikundervisning som är organiserad på ett helt annorlunda sätt, 
där varje elever arbetar med sina egna uppgifter.

För det andra finns det en tredelad motsättning mellan läroplan och 
bästa praxis, digitala matematikläromedel med datavisualiseringar samt 
planering och genomförande av undervisning. Denna motsättning upp-
står också i samspelet mellan individuellt och kollektivt arbete, men relat-
erar till läroplanens mål och riktlinjer för matematiska förmågor och mer 
generella färdigheter. Lärare planerar och genomför undervisningen base-
rad på det gemensamma klassrummet för att kunna engagera eleverna i 
samarbete för lärande och långsiktig utveckling, snarare än att undervisa 
enskilda elever i avgränsade ämnesområden för att uppfylla individuella 
mer kortsiktiga mål.

För det tredje uppstår en motsättning mellan läraren och eleverna. Som 
redan nämnts, motiveras lärares didaktiska fokus av lärande som en pro-
cess med långsiktiga mål som utvecklas över tid. När eleverna arbetar med 
det digitala läromedlet förskjuts deras perspektiv alltmer mot ett kortsik-
tigt lärande. Eleverna fokuserar på att snabbt lösa uppgifterna och ge rätt 
svar. Detta gör att de inte vill ge lärarna tillgång till sina svar via datavisu-
aliseringar, eftersom där visas alla fel-svar i realtid, något som i det långsik-
tiga lärandet skulle kunna användas som resurs i undervisningen. Denna 
motsättning förändrar samspelet mellan lärare och elever.

Det uppstod också congruencies när lärarna planerade och genomförde 
sin undervisning med stöd av datavisualiseringar av elevernas matemati-
karbete. Den kontinuerliga tillgången till elevernas resultat och stöd för 
anpassning till elevernas varierande kunskapsutveckling ökade lärarnas 
upplevda kontroll över varje elevs arbete, både i och utanför klassrummet. 
Lärarna uttryckte att kombinationen av att varje elevs resultat på matema-
tikuppgifterna visas direkt på skärmen och enkelheten i att tilldela enskilda 
elever nya anpassade uppgifter, underlättar deras arbete. På detta sätt är 
det lättare att hjälpa elever med en stor variation i sin kunskapsutveckling. 
Lärarna påpekade också att när eleverna arbetar med det digitala lärom-
edlet blir enskilda elevers arbete mindre synligt för andra elever, vilket 
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bidrar till ett mer inkluderande klassrum som främjar en ökad känsla av 
tillhörighet för lågpresterande elever.

I analysen av den tredje aktiviteten fokuseras på ett adaptivt under-
visningsverktyg som är designat för att bedöma elevernas kunskapsnivå 
och presentera ämnesinnehåll och uppgifter anpassade till varje elev. I 
samspelet mellan lärarnas planering och genomförande av undervisningen 
och det adaptiva verktyget skapas två motsättningar. Den första motsätt-
ningen grundar sig i samspelet mellan den inbäddade pedagogiken i det 
adaptiva verktyget, som bygger på en individualistisk syn på lärande, 
och de etablerade pedagogiska normer som grundar sig i att lärande sker 
genom samarbete på klassrumsnivå. Enligt läroplanens riktlinjer planerade 
lärarna sin undervisning utifrån mer konkreta kortsiktiga lärandemål av 
ett matematikinnehåll och långsiktiga mål med matematiska förmågor och 
mer allmänna färdigheter.

Den andra motsättningen handlar om lärarens handlingsfrihet, det 
vill säga hur samspelet mellan lärarens planering och genomförande av 
undervisningen medieras genom det adaptiva verktyget. Detta uttry-
cks av lärarna som en konflikt mellan transparens och kontroll. Denna 
motsättning uppstår på grund av lärarens upplevda bristande kontroll och 
att de inte kan förstå de bakomliggande orsakerna till automatiserade rek-
ommendationer som ges till dem och eleverna när de arbetar med ett adap-
tivt digitalt läromedel. Med tanke på att lärare är ansvariga för att stödja 
elever i linje med läroplanernas mål och riktlinjer, blir det ett problem att 
adaptiva funktioner som är inbyggda i matematikläromedlet ger didak-
tiska rekommendationer och vägleder elevernas lärande utan att läraren är 
delaktig. Lärarnas upplevda brist på kontroll förstärks troligen av bristen 
på transparens i det adaptiva verktyget, men även med en högre grad av 
transparens skulle motsättningen kvarstå.

Resultatet i denna avhandling visar att de digitala läromedlens möj-
lighet att samla in data från eleverna och visa datavisualiseringar av deras 
arbete hjälper lärare att snabbt identifiera elever som inte gör det som 
läraren planerat. Datavisualiseringar ger också stöd för lärare att uppmärk-
samma elevernas olika resultat på de uppgifter de gjort (och inte gjort), 
vilket ger dem möjlighet att anpassa svårighetsgraden när eleven får nya 
uppgifter utan att det blir synligt för andra elever i klassen eftersom de 
arbetar i samma läromedel. Resultatet visar också att nuvarande undervis-
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enskilt och ramade in undervisningen i ett gemensamt lärande i klassrum-
met. I lärarnas perspektiv stöder den digitala läroboken inte denna typ av 
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redan nämnts, motiveras lärares didaktiska fokus av lärande som en pro-
cess med långsiktiga mål som utvecklas över tid. När eleverna arbetar med 
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tigt lärande. Eleverna fokuserar på att snabbt lösa uppgifterna och ge rätt 
svar. Detta gör att de inte vill ge lärarna tillgång till sina svar via datavisu-
aliseringar, eftersom där visas alla fel-svar i realtid, något som i det långsik-
tiga lärandet skulle kunna användas som resurs i undervisningen. Denna 
motsättning förändrar samspelet mellan lärare och elever.

Det uppstod också congruencies när lärarna planerade och genomförde 
sin undervisning med stöd av datavisualiseringar av elevernas matemati-
karbete. Den kontinuerliga tillgången till elevernas resultat och stöd för 
anpassning till elevernas varierande kunskapsutveckling ökade lärarnas 
upplevda kontroll över varje elevs arbete, både i och utanför klassrummet. 
Lärarna uttryckte att kombinationen av att varje elevs resultat på matema-
tikuppgifterna visas direkt på skärmen och enkelheten i att tilldela enskilda 
elever nya anpassade uppgifter, underlättar deras arbete. På detta sätt är 
det lättare att hjälpa elever med en stor variation i sin kunskapsutveckling. 
Lärarna påpekade också att när eleverna arbetar med det digitala lärom-
edlet blir enskilda elevers arbete mindre synligt för andra elever, vilket 
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ningspraktik inte alltid stöds av digitala matematikläromedel. Detta gäller 
framför allt när elever samarbetar och kommunicerar i klassrummet, som 
ett sätt för lärande, men också för att ge lärare tillgång till elevernas kun-
skapsutveckling. Dessutom utmanar det adaptiva undervisningsverktyget 
lärares kontroll över elevernas inlärningsprocess och lärarnas ansvar för 
undervisningen. Lärare upplever att verktyget tar över delar av deras arbet-
suppgifter utan att vara transparant i de beslut som det tar.

Det kan framstå som att tekniken bör designas utifrån praktikens 
förutsättningar, men det går också att argumentera för att det är nödvän-
digt att förändra skolans praktik, och utbildningssystemet generellt, för att 
ta stöd i de digitala verktygen. Denna avhandling identifierar motsättnin-
gar som inte självklart är problematiska utan också kan ses som möjligheter 
till utveckling. Motsättningarna som uppmärksammas kan fungera som 
drivkraft till att förbättra planering och genomförande av undervisning 
med digitala läromedel.
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