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Digital media offer new opportunities to visualise mathematics and to engage students in 
interactive activities. The launching of digital teaching platforms in mathematics has, 
however, been met with some hesitation, and printed textbooks still play a substantial role in 
classrooms. This study addresses questions about how affordances of the digital media are 
utilised in contemporary digital teaching platforms in mathematics. An analysis using a 
typology capturing variation in interactivity and dynamics reveals substantial influence from 
textbooks on the design of digital teaching platforms. Static features and lecture-like films 
are mainly used when new concepts are introduced; whereas interactive activities are most 
common in tasks. When it comes to mathematical processes, there is a tendency to use a 
combination of different types of elements when relations between mathematical objects are 
in focus, as opposed to when the focus is on “doing”, which indicates that digital features are 
utilised where most needed. The sparse use of dynamic and interactive features is discussed, 
and some suggestions are made for the development of digital teaching platforms.  

Introduction 

Textbooks have historically played a central role in the mathematics classroom. Research 
reveals that textbooks play a major role when planning lessons and when communicating 
learning goals to students (Remillard, 2005). In our digital society, however, there are many 
useful complements as well as alternatives to the classic printed mathematics textbook. Chazan 
and Yerushalmy (2014) describe the historical role of the textbook as being “a vehicle for 
people who are not teachers to give teachers guidance both on what, and how, students should 
learn” (p. 67). The authors anticipated a coming change in the balance of power between 
textbooks, assessments and syllabi, with textbooks losing power and teachers developing 
various digital supplements to the textbooks (see also Pepin et al., 2017). In response to the 
increasing use of digital materials, some textbook publishers have partially abandoned the 
printed book and are progressing towards media that can incorporate a plethora of dynamic1 
functions. The teaching materials that are available today on digital platforms use dynamic and 
digital functions in a variety of ways, and have partially replaced earlier digital materials 
consisting of “books behind glass” (visually similar to pdf files)2. The current study focuses on 
exclusively digital teaching platforms, with all the offered materials incorporated into one 

 
1Content is defined as dynamic if it can be presented in a manner that changes over time. Highly dynamic content 
changes continuously, but content that can be opened and closed is also defined as dynamic to a lesser extent.  
2Throughout this article books behind glass denotes digital textbooks in static form (sometimes called e-textbooks) 
and digital teaching platforms denotes digital textbooks with interactive components, which can include 
multimedia content. 
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platform. The demand for digital supplements and for students to have the possibility to use 
digital tools to support their learning has been met by comprehensive digital teaching platforms 
of this kind, in Sweden as well as in other countries (e.g. Utterberg et al., 2019; Darragh & 
Franke, 2021). Digital teaching platforms have capabilities that were developed in response to 
previous criticism that digital teaching materials in mathematics are merely a transformation 
of the printed book into a book behind glass. There are many affordances of digital media, and 
digital teaching platforms make it possible to offer mathematics in a manner that is not possible 
with printed materials. On the other hand, the mere possibility of incorporating a variety of 
functions does not necessarily mean that the possibility is taken advantage of. There are 
examples of digital platforms that mostly reproduce the format of the printed textbook while 
adding some online resources (Mato-Vázquez et al., 2018). This possibly under-used option to 
include dynamic and interactive functions in teaching platforms and the ongoing development 
of such platforms in the market make up one reason why the current study focuses on such 
platforms. Another reason for investigating what digital teaching platforms offer is the 
reluctance of teachers to abandon the printed book. For example, a recent study about the use 
of digital or printed textbooks reveals a tendency to keep the printed version as a complement 
when using a digital textbook. In a comparison of 78 classrooms, 40 per cent of those with a 
digital version (book behind glass or digital teaching platform) also had access to a print 
version. Of 67 student teachers in the study, 36 per cent ranked a print textbook as their first 
choice to have their students use (Gay et al., 2020). The somewhat hesitant transition to digital 
teaching platforms raises the question of whether the potential of teaching platforms is still 
partly unexplored. The data analysed in the current study consists of teaching platforms 
covering entire mathematics courses that are offered by textbook publishers. The purpose of 
the study is to contribute to the understanding of how interactive and dynamic functions in 
mathematics teaching platforms are used, and what potential such functions have for supporting 
meaning making. Three research questions are posed.  

RQ1: How can the different elements3 of contemporary mathematics teaching platforms be 
described, and what are the main types of elements? 

RQ2: To what extent are interactive and dynamic element types used in the areas of theory, 
examples, and tasks?  

RQ3: To what extent are interactive and dynamic element types used to express operational, as 
opposed to relational, mathematical processes? 

In relation to the first research question, the analysis results in a typology of five element types. 
The categorisation focuses on the concepts dynamic and interactive because the possibility to 
utilise these functions is a major reason for offering mathematics “textbooks” digitally instead 
of in print. This typology is also used in answering RQ2 and RQ3. The third research question, 
about the use of element types in relation to mathematics expressing operational or relational 
processes, is somewhat exploratory. An investigation of how more dynamic or interactive 
functions are used to express mathematics with operational as opposed to relational processes 
is of interest because students need to engage in structural as well as operational ways of 

 
3An element is defined as a coherent part of the material that is distinguished, for example, by being surrounded 
by empty space (e.g. a paragraph, or content having a demarcated function together with a message as a click-
button to open a correct answer).  



 

thinking about mathematics. The offering of mathematical processes digitally is also interesting 
because interactive and dynamic features may signal “doing”, and an investigation can reveal 
whether dynamic functions that activate students have mainly been incorporated into 
instructional materials in order to invite students to operate with mathematics, as opposed to 
giving them possibilities to perceive relationships between mathematical objects.  

Background 

Printed and Digital Curriculum Resources 

Textbooks are extensively used in the mathematics classroom (Mullis et al., 2012) but various 
kinds of digital material are also used as complements. Among the countries participating in 
TIMSS 2019, however, as many as 56–68 per cent “never or almost never” did activities using 
computers. It is also noteworthy that the students in those classes had the lowest achievement 
levels on average (Mullis et al., 2012). Thus, textbooks still play a substantial role in the 
mathematics classroom, but computer use is more common in classes with high average 
achievement. The kinds of materials that are used and how they are used are of course essential 
factors for increased learning, and of course digital materials also have their drawbacks. A 
South African study reveals a negative significant relation between mathematics scores and 
frequency of computer use in schools, as well as the use of computers at home. The authors 
suggest that distraction by the devices can be part of the explanation to these results (Saal et 
al., 2019). A larger study, including data from 900,000 students participating in TIMSS 2011 
and 2015, also reveals that frequent computer use at school is associated to lower scores, and 
the results seemed to be most pronounced for low-achieving students (Karlsson, 2022). The 
relation between students’ access to computers during mathematics lessons and mathematics 
scores does, however, reveal a positive significant relation (Saal et al., 2019). Karlsson’s (2022) 
results also suggest that computers can have a positive impact on test scores if used optimally. 
To understand more about the relation between computer use and mathematics achievement it 
is necessary to improve our understanding of the kinds of activities and texts that students 
engage with digitally, and their potential learning gains.  

With the materials that students are offered to read on screen, it is possible to communicate 
things that are not possible to convey with natural language alone, because various semiotic 
resources and modalities provide enhanced possibilities for meaning making, especially in 
mathematics. There are several reasons to utilise digital functions in teaching material. First of 
all, digitalisation of mathematics education is part of a general digital development, but there 
are also several affordances of the digital media that can contribute to enhanced learning. 
Gueudet and colleagues (2018) emphasise the substantial effect that the introduction of digital 
textbooks is likely to have on mathematics education. 

These developments and changes due to technology are likely to lead to a re-examination 
of our perceptions about the teaching and learning of mathematics, of our understandings of 
what knowledge is and the associated teaching methods, and of key characteristics for 
technology/digital resources with regard to teaching and learning mathematics (Gueudet et al., 
2018). 

Since the development of digital teaching materials is ongoing, the effect these materials 
can potentially have on mathematics education is difficult to determine, not least because of 



 

the breadth of types of materials. The changes in mathematics education that accompany 
digitalisation also have several dimensions, because the digital medium adds completely new 
possibilities. One dimension is increased opportunities for teachers to design and develop 
curriculum resources (see, e.g. Pepin et al., 2017). Another dimension is the increased 
connectively that digital media make possible (connections between resources as well as 
between users; see, e.g. Gueudet et al., 2018), and yet another is the new opportunities that can 
be offered to learners, in contrast to when using print materials. Previous research based on a 
variety of classroom studies of students’ use of, and learning with, digital teaching materials 
(e.g. Drijvers, 2015) as well as intervention studies contrasting print with digital materials (e.g. 
Rockinson-Szapkiw et al., 2013; Allred & Murphy, 2019) have contributed knowledge about 
particular aspects of digital materials.  

The current study focuses on the opportunities offered by digital teaching platforms because 
of their ability to offer a variety of dynamic and interactive functions. Studies of these digital 
functions have previously focused on comprehensive issues such as teachers’ experiences of 
these materials (Utterberg et al., 2019; Pepin et al., 2017) and students’ choices when using 
them (e.g. O’Halloran et al., 2018). Less is known, however, about the utilisation of dynamic 
and interactive functions of these digital teaching platforms as a whole, and what that means 
for the learning opportunities offered to the reader, and the current study intends to reduce this 
knowledge gap. The following sections summarise some previous research about two 
characteristics of digital materials, namely their dynamic and interactive features, which are 
what mainly distinguish them from their printed counterparts.  

Digital Teaching Materials – with Interactive Features 

Comparisons between static and dynamic teaching materials reveal a variety of functions that 
are unique for the digital media. In analyses of students’ performance after learning with digital 
or static teaching materials, it is often the interactivity of digital materials that is emphasised. 
For example, a study with 663 students revealed significantly better results on tests of 
knowledge and knowledge retention for students using digital teaching materials that allow for 
a high degree of interactivity and feedback, than for students using printed books (Radović et 
al., 2020). Similar results are found in a study by Turel and Sanal (2018). Students using digital 
books as opposed to printed books performed significantly better on a mathematics 
achievement test. These digital books were designed to give immediate feedback to students’ 
answers, and provided activities such as games and puzzles with the potential to strengthen 
students’ confidence. It is worth noting that the achievement test had a multiple choice format, 
and the students were therefore only tested on a demarcated area of mathematical competence.  

Dynamic feedback has, however, also proven beneficial for the development of reasoning 
competence. An analysis of learning gains when 999 students practised analogical reasoning 
with different kinds of feedback revealed the greatest performance gains when tutoring 
feedback was given, in contrast to no feedback or multiple try feedback (Stevenson, 2017). 
Feedback in digital teaching materials spans from right/wrong responses to very elaborate 
responses, and the rapidity with which R or √ can be given can be detrimental for learning if 
misused. Bartelet and colleagues (2016) found that performing too many digital mathematics 
tasks was related to lower post-tests scores. The authors suggest that this result can be explained 
by weak engagement when students face difficult domains and therefore click through the tasks 



 

rapidly without really trying to learn from the feedback. Thus, the ease with which a reader can 
skim through digital materials is a factor worth reflecting over in the design of such materials. 
Another factor that may inhibit learning is that with optional work students tend to choose 
easier parts of the material (Bartelet et al., 2016). The extent to which digital materials support 
students’ learning is also related to their achievement levels. Several studies reveal that low-
achieving students benefit the most from learning with digital teaching materials (Bartelet et 
al., 2016; Stevenson, 2017). There are also demands related to feedback, however, because the 
receiver must understand the intention behind the feedback and interpret it correctly. 
Qualitative analyses of students’ responses to feedback reveal that it may be necessary for them 
to grasp the content of feedback fairly well to be able to use it for improvement, and adaptive 
feedback systems might be needed to achieve that (Rezat, 2017). 

Digital Teaching Materials – with Dynamic Features 
Research about dynamic features in digital teaching materials is developing, and the results 
partly diverge. A study comparing digital dynamic textbooks to digital static textbooks (books 
behind glass) suggests that unstable internet access and being distracted by irrelevant internet 
use partly explain higher achievement when use static textbooks rather than a more dynamic 
textbook (Weng et al., 2018). The students using the dynamic version of the textbook perceived 
higher cognitive and affective learning, but they performed significantly lower than the 
students using the static textbook. In many studies focusing on the learning situation when 
working with digital materials, the benefits of using dynamic features become apparent simply 
because many of the features included in digital materials are not possible to provide in printed 
books (e.g. Allred & Murphy, 2019). Static and digital media are contrasted by Karnam (2020), 
for example, whose analysis of printed textbooks shows that limitations of the static media lead 
to limitations in content about geometric representations of vectors. Interviews with students 
using the books reveal a preference for algebraic reasoning over geometric reasoning, which 
seems to be related to limitations of the printed textbooks. Thus, the dynamic features of the 
digital material provide opportunities for learning that are not possible with printed materials. 
For example, the ability to incorporate interactive geometry and algebra software in 
mathematics platforms substantially enhances their interactivity. It has also been revealed that 
dynamically occurring definitions of geometric objects influence students’ language and foster 
a transition from everyday language to more accurate mathematical terms, and potentially also 
from the use of a process-oriented language to a focus on mathematical objects (Schacht, 2018). 
The potential to include digital functions in learning situations is also highlighted in a study 
evaluating evidence-based instruction with or without digital support (adaptivity, interactivity, 
and explanatory feedback). The digital support principles helped students acquire and maintain 
knowledge about fractions, and these benefits from the instruction were only revealed in the 
setting where digital support was available (Reinhold et al., 2020b).  

In summary, there are many reasons to encourage the use of digital teaching materials, but 
previous research also reports various obstacles that arise when implementing these materials 
and weak improvements among users. For example, summarising results from three review 
studies about digital tools in mathematics education, Drijvers (2015) concludes that there is a 
significant positive effect on learning outcomes but with a small effect size. The effect is more 
convincing for conceptual understanding than for procedural understanding, and for 



 

experimental studies in contrast to randomised experiments (Drijvers, 2015). Some years have 
passed since Drijvers’ study, but even if improvements have since been made to the digital 
materials, much remains to be discovered about how the learning situation can be improved 
when working with these materials.  

Theoretical background  
The current study is part of a larger project about digital teaching platforms in mathematics, 
and within the project a model has been developed for social semiotic analysis of mathematics 
texts in a digital environment (Bergvall & Dyrvold, 2021). Some parts of the theoretical 
framework that are relevant to the current study are briefly described here. The analysis is 
purified to capture a selection of aspects that can be analysed with the intention to contrast and 
compare them. The base layer (type of element) and the process layer (type of mathematical 
process) are the functions of digital text that are focused upon in the current study. 

Base layer. The base layer is largely about the combination of resources that are being 
offered and therefore are available for meaning making. Semiotic resources (natural language, 
mathematical notation or images) are used in new ways to offer meaning in the digital media, 
and ensembles of semiotic resources, together with different static or dynamic features, can be 
used to increase the opportunities for learning. Different modes (e.g. sound or typed text), 
different semiotic resources and different digital functions interact to offer meaning of a 
particular kind. For example, the option to click on the fraction ¾ to visualise it as a pie chart 
or a decimal offers a different opportunity for meaning making than if these three forms were 
presented together in print.  Because different modes and semiotic resources have different 
affordances, the choice of means shapes what is possible to communicate.  

Process layer. In mathematics education, processes serve to express and emphasise the 
nature of mathematics in different ways. The most common processes in mathematics are 
relational and operational processes (see Method, Table 2). In operational processes, someone 
does something or something happens, and in mathematics such processes are characterised by 
doing. Relational processes describe how something is, or what properties something has. In 
mathematics, relational processes describe relationships within and between mathematical 
objects. Relational processes are most common in scientific writing (Halliday & Matthiessen, 
2004). These processes have also been described as more highly valued in mathematics texts, 
because they are regarded as representing a more advanced level of thinking (Morgan, 1996). 
An example is the difference between being able to perform subtraction and understanding the 
concept of subtraction. If the mathematics is expressed by operational processes, the focus is 
on performing calculations, often linked to a specific situation or context. Operational 
processes are often used in the initial stage of presenting mathematical content, when a new 
concept is introduced. Having knowledge of the concept of subtraction, expressed by a 
relational process, requires a generalised understanding of the concept (Sfard, 1991). Both 
operational and relational processes are important for the development of conceptual 
understanding in mathematics, and it is necessary to alternate between these two forms of 
processes when learning mathematics. The divide between relational and operational 
mathematical processes is related to the divide between conceptual and procedural knowledge, 
as well as to that between abstract and concrete learning, and several studies highlight that 



 

mathematical learning develops through interaction between these pairs (e.g. see Rittle-
Johnson et al., 2015). 

Method  

First, the digital teaching platforms in mathematics that are analysed are presented, and the 
selection of data is explained. Thereafter, the data coding and analyses are presented.  

Digital Teaching Platforms 
Seven different digital teaching platforms intended for use in Swedish secondary schools have 
been analysed. These are referred to as TP1–TP7 (details are found in the References). The 
criteria for inclusion were that the whole syllabus for secondary school mathematics was 
covered, and that the material was fully integrated in a digital platform. To enable an in-depth 
analysis, only the section about proportionality in each platform was analysed. These sections, 
called episodes, comprise three different parts having to do with proportionality: theory, 
example tasks with solutions, and tasks to solve. Proportionality was chosen because the 
concept is not completely new to students in secondary school, which allows for the inclusion 
of more complex content, and because proportionality affords substantial opportunities to use 
dynamic and interactive functions.  

The emphasis in the analysis is on mathematics, and therefore overarching functions such 
as chat-rooms or the possibility to raise one’s hand, functions that would be similarly 
implemented in any other school-subject, are excluded from the analysis. The option to have 
written text automatically read aloud (offered in all TP except TP2 and TP5) is also excluded 
from the analysis, because it is a general function offered throughout the TPs and would take a 
similar form independent of subject. Particular focus is placed on the potential of dynamic 
functions to boost the interaction between the student and the mathematics.  

The sections about proportionality in the seven teaching platforms include between six and 
31 tasks, but only a selection of these were included as data. Because the study addresses how 
potentials of the dynamic environment are taken advantage of, it was important not to miss 
dynamic features based on the selection of tasks for analysis. All tasks included in the episodes 
were therefore assessed, and every task in a particular teaching platform that utilised an 
additional dynamic function was included in the selection for analysis. Since different sections 
in a particular teaching platform have very similar types of dynamic tasks, this selection method 
provides samples that well reflect the teaching platform as a whole. 

Analysis  

Initially the episode about proportionality (including the parts theory, examples, and tasks) was 
identified in all teaching platforms, and all parts were divided into elements (Figure 1). All 
elements were then analysed according to a model that was developed based on a social 
semiotic perspective (see Theory). The analysis was restricted to the base layer and the process 
layer.  



 

 
Figure 1: Schematic visualisation of the constituents of the episodes and the analysis. 

Base layer  

Each element in the material was first analysed regarding resources utilised and the role of the 
element. Five analysis questions (Table 1) contributed to capturing both form and function, and 
to scrutinising whether affordances of the digital media are utilised. Based on empirical results 
emphasising the necessity for students to engage and struggle with mathematics (Kapur, 2008), 
an important aspect to capture was whether the reader is invited to interact with the material 
rather than passively receiving it. Interactive features of digital teaching materials are also 
highlighted by Morgan and Kynigos (2014), who argue that two characteristics of digital 
technologies are especially significant for mathematics education. These are the possibility for 
the student to manipulate one semiotic system and receive a corresponding change in another 
semiotic system representing the “same” mathematical object, and the mere possibility to 
interact dynamically with the material.  
 
Table 1: Analysis questions and examples. 

    Analysis question Examples 

1. Which semiotic resources are used? natural language, mathematical notation, images 

2. Which modes are used? visually on screen, sound, animation 

3. Are the constituents static or dynamic? a continuum between static and continuously 
dynamic 

4. In what manner is the reader invited to 
interact with the material? 

to receive information, or e.g. to click or move 
objects 

5. What kind of feedback is given from 
the material? 

from predefined responses (right/wrong) to 
continuous feedback adapted to the readers actions 

 
The result of the analysis of all elements constituted the basis for developing a categorisation 
of every element. This analysis was partly done bottom-up and was partly based on Pohl and 
Schacht’s (2017) list of 15 different elements used in digital mathematics textbooks. The 15 
elements were redefined and adjusted in relation to the analysed material, and when new kinds 



 

of elements were identified in the material, they were defined and added to the list, resulting in 
23 elements. 

Finally, the unordered list of elements was used as a basis for the development of a typology 
of element types. The typology intended to capture whether affordances of the digital media 
were taken advantage of. Particular emphasis was therefore placed on the features revealed by 
analysis questions 3–5 (Table 1), which capture qualitative aspects of students’ interaction with 
the material. Qualities related to analysis questions 1 and 2 contributed to shaping coherent 
element types.  

The typology was developed in an iterative process. The elements were clustered based on 
the features highlighted by the analysis questions, but because each analysis question captured 
a different dimension, the clusters partly changed and began to overlap, as clusters that emerged 
in relation to certain analysis questions were further illuminated by other questions. For 
example, during the analysis, elements hidden behind a click-button were divided into different 
clusters depending on whether or not the visualised content constituted a response to actions 
previously taken by the reader, because “opening” content and being offered more/new 
information is different from being offered information related to a previous activity. These 
clusters were defined and redefined during the analysis, with the intention to identify element 
types (see Results) that mirror an increasing invitation to interact and increasing dynamic 
features.  

Mathematical processes  
The offered meanings in all elements were also analysed with regard to mathematical processes 
(Table 2) (see also Theoretical background). Because a single element can combine semiotic 
resources with both operational and relational processes, an element could be coded as having 
both of these characteristics simultaneously. In most cases, however, an element expresses 
either operational or relational mathematical processes, and to capture variation in the 
materials, a few instances were allowed where an element was coded as exemplifying one of 
these characteristics despite also containing a feature of the other. Examples of characteristics 
used to reliably code the data are presented in Table 2. An important demarcation was made: 
only constituents representing mathematical processes were included, because the analysis of 
processes was supposed to capture which kind of mathematics the reader is invited to engage 
in. For example, an introductory text about what you can do in your leisure time has no 
mathematical process: “At a tennis club you can rent tennis courts. You can also be a member 
of the club” (TP3, translated).  
 
 
 
 
 
 
 
 
 
 



 

Table 2: Operational and relational processes (modified after Bergvall & Dyrvold, 2021). 

 Relational processes Operational processes 

Indicates that: Math is constructed by doing Math is a system of relationships 
between objects 

Natural 
language 

Describes how something is done, 
or how something happens.  
Process verbs such as become, 
change 

Describes how something is,  
or properties something has. 
Relational verbs such as is, exists, forms 

Images Narrative, such as temporal order, 
direction, shading 

Conceptual, such as tree structures, part-
whole relations 

Mathematical 
notation 

expressing a process: 
 3 + 8 = ___ 

expressing a relation: 
3x = 15 

 
An example from the theory part in TP7 is presented in Figure 2. The explanation refers to a 
previously mentioned proportional relation. The paragraph explains that the relationship can 
be visualised, and that pairs of numbers can be marked with dots and connected in a straight 
line. The paragraph is coded as offering an operational mathematical process because of its 
emphasis on doing. In the diagram, on the other hand, both the coordinate system and the word 
balloons are presented with relational mathematical processes. The word balloons present how 
things are (belong together, always a straight line) and the diagram visualises relations that are 
present, as opposed to presenting a graph that, for example, is constructed with arrows showing 
how pairs of numbers relate to coordinates that can be marked. Therefore, the diagram with the 
word balloons is coded as offering a relational mathematical process. 
 

 
Figure 2: Examples of mathematical processes (TP7, translation to the right). 

Compilation of data  
During the analysis, each element was categorised as one of the 23 elements, and as presenting 
operational and/or relational mathematical processes. Thereafter the categorisations of all 
elements were “translated” into the corresponding element types (types I–V), and finally the 



 

number of elements of types I–V was summarised for each part (theory, examples, tasks) in 
each teaching platform. This summary was used to answer RQ2 and RQ3. A model was made 
for a quantified visualisation representing the features of interest in the corpus of teaching 
platforms. An explanation of how the visualisation shall be interpreted is given in relation to 
the results (Table 3).  

Results 

The results are presented in relation to each research question. The five element types presented 
at the beginning are both results and part of the method used with research questions two and 
three. 

Variety of Elements structured into five Element Types (RQ1) 

Elements in digital teaching platforms utilise different semiotic resources, modes, and digital 
functions, and a list of 23 different elements captures this diversity well. The list, with 
examples, can be found in Appendix. Some elements are fairly similar, but to capture the 
difference between reading static text and text emerging in a film, for example, all different 
categories are needed.  

A typology which groups all 23 elements into five element types captures variation of two 
aspects, namely the degree of interaction that the element affords and the degree to which the 
interaction is dynamic. Because it is what the elements offer the reader that define them, they 
are given names that are adjectives. The element types are as follows; 
-static presence (type I), elements similar to the printed counterpart, but on screen, 
-opted presence (type II), elements whose appearance is dependent on the reader’s actions (e.g. 

click on a button), 
-dynamic presence (type III), elements that change over time, typically content in a film or an 

animation, 
-dynamic feedback (type IV), elements that respond to, and whose appearance is dependent on, 

choices made by the reader (e.g. responses to students’ answers), and 
-continuous dynamic feedback (type V), elements that change continuously over time 

depending on choices made by the reader (e.g. changing a slope in a 
coordinate system or moving geometric objects). 

Presentation of results in tables 
The summary of the number of elements of each type (Type I–V) in each part (theory, 
examples, and tasks) of the teaching platforms revealed a pronounced ceiling effect, mostly for 
elements with static presence. An upper limit for the visualisation was set at six elements of a 
particular element type for each part. This limit made it possible to produce a comprehensible 
visualisation of the results without substantial demarcation of the included data, because in 
most cases the parts with at least seven elements of a particular type were the same as those 
with, for example, nine elements of that particular type. The colour coding used in the 
presentation of the results (RQ 2–3) is presented in Table 3. An asterisk represents the presence 
of one element of a particular type. A plus sign after six asterisks indicates the presence of 
more than six elements of a particular type. The area of a field representing the number of 



 

elements in a part (theory, examples, or tasks) roughly represents the fraction of elements of 
that type in the particular part, but when the ceiling is reached, the excess is not visualised. 
Definitions of the five element types have previously been given in the Results (RQ1). 
 
Table 3: Colour guide for element types I–V in tables 4 and 6. 

Dynamic 
type 

I. Static 
presence (sp) 

II. Opted 
presence (op) 

III. Dynamic 
presence (dp) 

IV. Dynamic 
feedback (df) 

V. Continuous 
dynamic 
feedback (cdf) 

Colour code * * * * * 

Use of element types throughout the episodes (RQ2) 

The most prominent results regarding the extent to which interactive and dynamic element 
types are used in the different parts of the analysed material are that: 

- throughout all parts, the presentation of proportionality is dependent on the static 
element type I, 

- the theory part is heavily dependent on element types I and III, mirroring theory 
presented using static text together with film, and  

- the most dynamic and interactive element types (IV and V) are almost exclusively used 
in the tasks part, and the element type V is used very little. 

 
These patterns of element use, visualised in Table 4, mirror teaching platforms where the reader 
to a large extent is expected to read or listen in the theory part, and to actively engage with 
dynamic material when solving tasks. Note that the number of elements in a particular part on 
a particular teaching platform shall be interpreted in relation to the distribution of elements in 
that part, because different teaching platforms can choose to include a small or large section 
about proportionality, and the analysis was intended to capture which element types are used 
on the platforms. For example, teaching platform 4 is not very comprehensive, but its 
distribution of element types is fairly similar to that in the other materials, despite it having 
fewer elements overall.  
 
Table 4: Number of elements of particular element types in different parts of the teaching platforms. 

 
Note. The episode in TP6 has no solved examples. 

For all teaching platforms except TP2 and TP5, the user has the option to listen to the text read 
aloud. This dynamic element is not included in the analysis (see Method). For an overview of 
how comprehensive the different teaching platforms are, see Table 5. 
 



 

Table 5: Number of elements in each part of the teaching platforms and number of tasks in the episodes. 

Teaching 
 platform 

Total number of elements in Total number of tasks1: 
analysed and total theory examples tasks 

TP1 37 13 8 2(26) 

TP2 11 4 31 3(31) 

TP3 26 9 16 3(19) 

TP4 5 14 8 1(8) 

TP5 20 25 8 1(23) 

TP6 36 0 4 1(6) 

TP7 27 20 19 2(21) 
1Recall that only as many tasks as were needed to capture the variety of elements used in the teaching platform 
were included in the analysis.  

Use of dynamic functions in relation to operational and relational mathematical processes 
(RQ 3) 

The third research question addresses to what extent interactive and dynamic element types are 
used to express operational, as opposed to relational, mathematical processes. In the analysed 
material, the most prominent patterns in relation to mathematical processes are as follows: 
-     static elements in the theory mainly offer relational processes, 
-     there is an emphasis on relational processes in all three parts, 
-     there are more cases of relational processes where several elements of different element 
types in one part contribute, than of operational processes.  
These patterns can be seen in Table 6. A colour guide can be found in Table 3. 

Table 6: Number of elements with operational and relational processes of particular dynamic types in 
              different parts of the teaching platforms. 

 



 

Figure 3 illustrates how the affordances of different element types are utilised in a task presen-
ting relational mathematical processes in TP2. The dynamic and interactive elements in the 
task contribute to making the mathematics more tangible. The instructions have verbs signal-
ling “doing”, but the mathematical processes are relational. The elements in the task are pre–
sented in a table with numbered rows. All element types except type three are used in the task. 
First a table and a paragraph are presented (static, I). Thereafter a diagram is offered and the 
student is supposed to visualise the relation presented in the table (continuous dynamic feed-
back, V). Below the diagram, the student is offered support, which is accepted by clicking on 
“Theory” (dynamic presence, II) leading to a theory part where proportionality is explained. 
Once the student is satisfied with his/her manipulation of the graph, s/he can click “Check” and 
receive R/√. The last option (row 3) is to click and see the solution (row 4) (dynamic feedback, 
IV). Note that there are some errors in the task: hg has been mistakenly replaced by kg (row 1). 

 
Figure 3: Elements in a highly dynamic and interactive task (TP2) (Eng. translations italicised).  



 

Conclusions and discussion 

The analysis reveals that static and not very interactive elements do play a substantial role in 
digital teaching platforms in mathematics, in particular in theory and examples, and that 
features unique to the digital environment, apart from films, are mainly offered in tasks. These 
results confirm previous results about the similarity between materials in print and digital 
formats (Mato-Vázquez et al., 2018). The current study, however, contributes a richer view of 
which element types are mainly offered in the different parts of the digital platforms.  

The typology of elements that was developed and used in the analysis captures potential 
affordances of digital materials on two scales, the extent of dynamic elements and of 
interactivity, which makes possible a description of the manner in which the reader is expected 
to interact with the material. It is a bit troublesome that the pattern of where different element 
types are used reflects traditional teaching; the student is a passive receiver being “served” 
facts about proportionality and examples of how to solve problems, and active engagement is 
mainly expected in the tasks. This pattern can be recognised from print textbooks, despite the 
substantial possibilities to diverge from this arrangement that exist on a digital platform. For 
example, films are almost exclusively used in a manner similar to lectures, whereas the format 
could also be useful in presenting problems to solve, or as hints in relation to comprehensive 
problems. Dynamic feedback and continuous dynamic feedback (types IV and V) on the other 
hand, are almost exclusively found in the tasks. That is, if the reader interacts dynamically with 
mathematics on the platform, it is in relation to solving a task or answering a question. These 
results are not very surprising, but they make it very apparent that opportunities to actively 
engage the reader have been missed. Both in the presentation of theory and in examples, there 
are opportunities to include elements where a reader interacts with the mathematics and is 
offered more vivid (dynamic and interactive) experiences of concepts and relations between 
various mathematical objects. For example, the dynamic graph in Figure 2 could contribute to 
presenting proportionality if the dragging was connected to visualisations of facts about the 
position of the graph. On the other hand, very dynamic and interactive tasks, such as the one 
presented in Figure 2, are rather rare also in the corpus of analysed tasks, indicating that there 
is potential for development there as well. It is not argued here that highly dynamic and 
interactive elements must be extensively used throughout the whole material, but rather that 
many opportunities are missed to utilise what the digital environment offers. There is also need 
for awareness when functions such as automated responses are used, because of the risk of 
unreflective clicking by users (Bartelet et al., 2016). 

Teachers are hesitant to abandon print textbooks (Gay et al., 2020; Modén et al., 2021), and 
based on the results of the current study, there are good reasons for such a standpoint. To keep 
the printed textbook and use digital supplements can be a reasonable choice in comparison with 
switching to a digital teaching platform, if interactivity and dynamic features are aimed at. 
Digital teaching platforms have affordances that are not possible to offer in print, but on the 
other hand, there are also affordances such as page-based visibility and opportunities to write 
in ink that are not possible in the digital environment. Accordingly, if digital teaching platforms 
are to constitute a strong competitor to print textbooks, they need to take advantage of the 
unique affordances of the digital media.  

Based on the analysis of the use of various element types to express operational, as opposed 
to relational, mathematical processes, it can be concluded that the pattern of use of element 



 

types is fairly similar throughout the episodes. Only in the theory part is there a disproportionate 
use of element type I (static presence) when offering relational mathematical processes. In other 
words, when theory about proportionality is offered with a focus on mathematical relations, the 
static forms of representations are extensively used. One possible explanation of this can be 
that the digital materials are influenced by print textbooks; however, one can ask why such an 
influence is only seen in the theory part. Because grasping mathematics expressed by a 
relational process may require a generalised understanding of the concepts at hand (Sfard, 
1991), it may not be the best choice to introduce new concepts only with relational processes 
using the static element type. Based on the current analysis, this issue about presenting content 
with the help of static elements can be raised, but further analysis is needed to more deeply 
understand which form of mathematics is offered. A qualitative analysis of the same data as 
has been analysed in the current study contributes to examining this issue (Dyrvold & Bergvall, 
2022). The use of a combination of element types in both examples and tasks with an emphasis 
on relational mathematical processes is encouraging however. It is important to stress that these 
results only reveal tendencies. The analyses of the use of element types in the parts and in 
relation to mathematical processes both highlight what is likely to be a large degree of influence 
from print textbooks, which is both reasonable and potentially beneficial. There is, however, a 
great deal of room for improvement, which can be based on a thorough evaluation of what 
dynamic and interactive elements can contribute, in which parts of the episodes, and in relation 
to which areas of mathematics the student is invited to engage with (Table 6).  

Based on an analysis in relation to a typology of increasingly more interactive and dynamic 
elements, this study has revealed that element types that are dynamic and interactive are utilised 
throughout the episodes in the teaching platforms, and the use of digital teaching platforms 
accordingly offers new kinds of learning situations to students. On the other hand, the patterns 
in the extent to which, and where in the material, different element types are offered reveal 
learning episodes that position the reader as passive when the content is introduced, and expect 
active engagement mainly when solving tasks. Based on an overall view of the materials, one 
can therefore conclude that the effort to fully utilise the potentials of digital media has only just 
begun. 
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Appendix 

Elements and element types 

Table 7 presents all elements that the analysis has focused, grouped according to the element 
types. The element types are defined in the Results. 

Table 7: Elements included in the analysis grouped according to the element types. 
Element 

Element: what role to the element plays in the material type no. 
I 1 Picture-static 

2 Table/diagram – static 
3 Text-static (mainly natural language but can include math notation) 
4 Math notation – static (mainly math notation but can include natural language) 

II 5 Additional information: Tip in relation to particular content (e.g. a request in a 
balloon) 

6 Box with basic knowledge: Formula, definition (e.g. definitions hidden behind 
words) 

7 Box with hints: General information on current topic, related to a particular 
solution/solution method 

8 Solution process: Specific solution process and the necessary calculations  
9 Notification exercise: Notes, calculation methods or ideas can be entered and 

uploaded/saved  
III 10 Visual-dynamic: pictorial content as film in a frame  

11 Animation: Moving visualisation of mathematic content, not modifiable by 
user  

12 Text-dynamic: Text in film, e.g. subtitles or emerging text (visual mode) 
13 Text-dynamic: oral text or music 
14 Math notation-dynamic: Math notation emerging in film 
15 Table/diagram-dynamic:  Schematic images emerging in film 

IV 16 Requested: Multiple choice options with response 
17 Requested: answer to a task (e.g. = 15g) with response right/wrong 
18 Requested: solution method/explanation 
19 Solution: Correct answer to the task (e.g. = 17g) 
20 Solution: Correct solution method on task after trial 
21 Stepwise solution: Stepwise/dynamic visualisation of calculation after trial 

V 22 Drag-and-drop exercise: Dynamically select and move visual elements with 
visual feedback 

23 Interactive exercises: Interact with content receiving instant and continuous 
feedback that can be given in another representation 

 


