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Abstract

Recently, scholars have started unpacking teachers’ technology-related decision-making via the
conceptual lens of pedagogical reasoning. Answering to the call for more domain-specific reasoning
studies, this study explores secondary school mathematics teachers’ pedagogical reasoning
underlying their technology-mediated practice. By means of an open-ended survey, 30 Flemish
secondary school mathematics teachers’ technology integration practices were explored. Results
show that teachers strongly value technologies that help them in (a) efficiently managing teaching
and/or learning activities or (b) effectively attaining learning goals and meeting students’ learning
needs. In contrast, technology-usage to engage or extend students’ learning was limited. In addition,
although teachers report using a plethora of different type of technology tools, teachers most
frequently mention using mathematical action tools, which help them to visualise mathematical ideas
as well as to save time during instruction. To conclude, this study puts forward theoretical
recommendations for future research as well as practical suggestions to foster (student-)teachers
pedagogical reasoning.

Keywords: Pedagogical Reasoning, ICT, Technology Integration, Mathematics Education, Teacher
decision-making, Secondary Education

1 INTRODUCTION

1.1 The integration of technology in education

Implementing technology in the classroom has the potential to create more engaging, effective and/or
efficient teaching and learning processes [1,2]. However, the promise of technology for education and
teachers’ actual use of technology in practice are often not aligned [3]. A possible explanation for this
phenomenon lies in the barriers teachers face during their technology-integration efforts, such as a
lack of resources, school leadership, technological knowledge, and IT support [4,5]. Scholars
emphasize the importance of fostering teachers’ ability to juggle existing constraints by strengthening
their professional technology-related competencies [6,7]. In this regard, decades of research studies
focused on the relation between (a) teachers’ technology-related knowledge, often using the
technological pedagogical content knowledge (TPACK) conceptual model of Mishra and Koehler [8],
(b) teachers’ tacit non-rational dispositions (i.e., pedagogical beliefs, ICT attitudes, openness to
change) [9], and (c) teachers’ successful integration of technology in learning and instruction [10,11].
However, to further unpack teachers’ technology-mediated practices and their connection to teachers’
TPACK and dispositions, scholars have recently begun to focus on teachers’ decision-making
processes in the context of technology integration [1,12—16]. Within this emerging research field, the
concept of ‘pedagogical reasoning’ is often being used as a conceptual lens to analyse teachers’
technology-related decisional processes [1, 16—-18].

1.2 Pedagogical reasoning in the context of technology

1.2.1 Pedagogical reasoning

Pedagogical reasoning (PR) refers to the “thinking that underpins informed professional practice” [19,
p.4]. In his theoretical framework ‘Pedagogical Reasoning and Action’ (PR&A), Shulman [20] coined
the concept of pedagogical reasoning, which he depicts as a dynamic, cognitive process of six stages
that teachers go through in order to teach. These six stages include (1) comprehension (of what is to
be taught, the context, and the purposes for teaching); (2) transformation (of the content, into
conceptual models, learning activities, and adaptations to specific learners’ characteristics); (3)
instruction (the observable acts of teaching); (4) evaluation (of students’ learning and teacher’s



instruction); (5) reflection (on classroom experiences); and (6) new comprehensions. Each stage
represents a different area on which a teacher should be able to reason to make effective pedagogical
decisions [16, 20]. Building on Shulman’s broad description of PR&A, Forkosh-Baruch and colleagues
recently proposed a revised definition, defining pedagogical reasoning as ‘an ongoing process by
which teachers develop and articulate theoretical and/or practical understanding to describe why, what
& how their practices lead to sustainable learning’ [21, p.12]. Three aspects in this definition are
central to PR. First, through planning and enacting soundly reasoned classroom experiences and
reflecting on them, teachers develop new understandings that add to their existing knowledge base
[19]. In other words, PR not only draws upon teachers’ professional knowledge, but also add to it [12].
Second, when teachers make their reasoning explicit by articulating the why of their practice, they give
insight into their professional knowledge. As this knowledge is often tacit in nature, PR offers a way to
unpack the unseen aspects of practice [19]. Lastly, with sustainable learning at its core, PR differs
from other types of teacher’ thinking and decision-making that are based purely on efficiency in the
classroom or managerial aspects of classroom practice [21].

1.2.2 Pedagogical reasoning underlying teachers’ use of technology

As effective teaching with technology is not simply the addition of technology into existing classroom
activities, but imply a considerate use of technology [22], scholars have recently started emphasizing
the importance of solid PR in the context of technology integration [16]. According to recent research
[17, 23-24], there is a wide variety of rationalizations underlying teachers’ usage of technology. For
example in the context of secondary history education, Voet and De Wever [24] found four types of
rationales underpinning teachers’ adoption of technology tools: (a) increasing effectiveness of
instruction, (b) increasing work efficiency, (b) connecting to everyday life, and (d) complying with
expectations from others (e.g., school leader, colleagues). Moreover, teachers’ technological practices
tended to be teacher-centric with little active technology use by students. On the contrary, in the study
of Hughes et al. [17] teachers were prone to use technology in a more student-focused matter. In
addition, they found that teachers mostly value technology for its ability (a) to facilitate students’
knowledge and skill development, (b) to support visual needs, (c) to tailor learning towards students’
needs, and (d) to increase efficiency as well as to monitor students’ progress during grading and
assessment. In the study of Heitink et al. [11], teachers commented on the reasoning behind their
technology-use in practice. Teachers’ main reasons to use technology are to (a) make learning
attractive for students, (b) realize educational goals, and (c) facilitate the learning process. In line with
Voet and De Wevers [24] findings, teachers’ technology usage primarily showed aspects of the
knowledge transfer model of teaching. Overall, the technology-related rationalizations found in the
abovementioned studies are in line with the suggestion of Kopcha et al. [15] that a teacher’s use of
technology is value-driven, in which teachers decide to use technology to efficiently and effectively
manage their professional responsibilities, such as addressing learning needs and reaching learning
goals in the classroom.

1.3 A discipline-specific exploration of teachers’ technology-related
pedagogical reasoning: the case of secondary school mathematics

Although PR-related research is emerging, teachers’ reasoning about their technology usage is still
not adequately understood [25], and more research is warranted to better grasp this concept [18].
More specifically, research signals a need for more discipline-specific reasoning studies [17]. This is
especially the case for the domain of secondary school mathematics in which only few studies have
been conducted [26-27]. Within this context, the study of McCulloch et al. [28], in which they explored
the technology-related decision-making of 21 early career secondary mathematics teachers, is worth
mentioning. They found that teachers do not immediately choose a specific technology that is
appropriate for a learning goal. Instead, teachers first determine which broader type of technology they
should use. Types of tools that teachers in their study mention using in their classroom practices
spanned mathematical action tools, collaboration tools, assessment tools, and communication tools.
Concerning teachers’ reasons to use technology in mathematics education, McCulloch et al. [28]
found that teachers value technologies’ ability to provide opportunities to build understanding as well
as provide opportunities to practice or review important mathematical concepts. With regards to
building understanding, technology can support students in comprehending a mathematical idea or
procedure. In addition, technology can automate procedures or generate examples quickly, which
saves time during instruction and helps students to focus on what they are supposed to learn. In terms
of providing opportunities to practice or review important mathematical concepts, teachers report they
chose technology because it could offer students an engaging activity as well as immediate feedback.



In this study, we want to adhere to the call for more discipline-specific reasoning studies by examining
how Flemish secondary school mathematics give meaning to their technology-mediated teaching and
learning activities. More specifically, we explore which type of technologies teachers use (a), how
technologies are used (b), and which PR underpins these technology-mediated activities (c).

2 METHODOLOGY

2.1 Participants

A total of 30 secondary Mathematics teachers participated in this study. They voluntarily participated
in this study by responding to a region-wide call distributed in February 2020 to Flemish secondary
schools. On average, participants were 44,28 years old (SD = 10,16 years), with a minimum of 26 and
a maximum of 66 years. Of this sample, 54,8% (n = 17) was female and 45,2% (n = 14) male.
Participating teachers have, on average, 17,3 years (SD = 9,79 years) of expertise in teaching
mathematics in secondary schools, with a minimum of 2 years and a maximum of 38 years. In
addition, as our participants voluntarily accepted the region-wide call for participation, which explicitly
called for teachers who regularly use ICT in their secondary school mathematics practice, teachers in
our sample are possibly more positive, knowledgeable, and/or confident regarding their use of
technology in education than the average teacher.

2.2 Data collection

Participants were invited to complete an online, open-ended survey which explored their reasons
underlying their technology-mediated classroom activities. As part of this survey, mathematics
teachers were asked to describe a maximum of three technology-enhanced learning or teaching
activities they themselves find very valuable. For each activity, teachers addressed (a) a specific
technology, (b) the subject matter in which the technology is frequently used, (c) the classroom
activities within which the technology is deployed, what role the technology plays in these activities,
and who uses the technology (teacher/student), and (d) the reason(s) why the teacher chose to use
the technology in their teaching practice (i.e., its added value). In total, 85 technology-mediated
activities were collected and analyzed.

Prior to data collection, interpretations of survey questions were validated through interviews with
three mathematics teachers who filled out the survey. Some questions in our survey were rephrased
based on their feedback regarding the instructions and used terminology.

2.3 Data analysis

Prior to unpacking teachers reasoning underlying their technology-mediated practices, we categorized
their classroom practices by the type of technology mentioned. The four distinct types of tools
identified in McCulloch et al. [28], namely (a) mathematical action tools, (b) collaboration tools, (c)
assessment tools, and (d) communication tools, provide a valuable starting point to categorize
teachers’ classroom practices. For each identified category, several analyses took place. To start, we
identified statements that involved an expression of either how technology was used or why it was
used. Next, similar to other studies [11, 17, 24], we analyzed how technology was used by coding
whether the usage of technology was related to a knowledge transfer (KT) of knowledge construction
(KT) pedagogical approach. Activities relating to KT include but are not limited to whole classroom
teaching, drill and practice of knowledge, summative and formative assessment, direct feedback on
correctness. KC activities are characterized by activities which relate to problem solving or inquiry
learning, in which students have an active role in (collaboratively) constructing knowledge and
assessing their own learning. In comparison to KT, students oversee their own learning activities and
teachers predominantly adopt the role of a guide.

To analyze the statements in which teachers express their reasoning underpinning their technology
use, we used two distinct coding cycles. First, we used an open-coding process in which emic and etic
coding categories and definitions emerged, whilst constantly comparing our codes and coded date to
ensure consistency [29]. Second, we adopted Kolb’s [2] Triple E framework to analyze whether
teachers decide to use technology to enhance, extend, or engage students’ learning. In line with
Kopcha et al. [15] suggestion, we also added a fourth E — efficiency — in our coding process, as
teachers also value using technology to perform certain tasks in the classroom more rapidly (e.g.,
efficiently distribute materials to students). To add to the trustworthiness of our coding, the co-authors



of this paper coded the data with regular code checking between researchers until 100% agreement
on codes was achieved [29].

3 RESULTS

The 30 secondary mathematics teachers described a total of 85 technology-mediated classroom
activities, which were categorized in seven distinct categories: mathematical action tools; presentation
tools; instructional software and media; assessment tools; communication tools; system of integrated
tools; and collaboration tools. Table 1 shows the distribution of the activities within these categories.
Primarily, teachers’ described activities in which they use mathematical action tools (52,9%). In
contrast, no activities were mentioned in which collaboration tools were used.

Table 1. Frequencies of type of technology tools mentioned in
teachers their technology-mediated learning activities.

Type of technology tools n %
1. Mathematical action tools 45 52,9
2. Presentation tools 15 17,6

3. Instructional software and media 13 15,3

4. Assessment tools 8 9,4
5. Communication tools 2 2,4
6. System of integrated tools 2 2,4
7. Collaboration tools 0 0,0
Total frequency 85 100,0

Teaches dominantly describe using technology in activities that relate to a knowledge transfer model
of teaching and learning (84,7% of the activities). In contrast, only 15,3% of the activities
corresponded to the knowledge construction model of teaching. In terms of teachers’ reasoning
descriptions, we found that teachers’ decision to use a technology is most frequently underpinned by
an efficiency logic. Efficiency-type rationalizations were mentioned in the reasoning descriptions of
44,7% of the activities. To a lesser extent, teachers’ reasoning descriptions related to Triple E
rationalizations: enhancement (34,1 % of the activities), engagement (10,6% of the activities), and
extension (11,8 % of the activities). Important to note is that 23 of the 85 analyzed activities described
reasoning descriptions which mentioned multiple E-rationalizations. In addition, 20% of the activities
lacked sound reasoning descriptions and could not be categorized in any of the E-categories
(e.g., using technology because it is a requirement in the Flemish curriculum standards or because the
technology is easy in use, reliable, or accessible in the classroom). In the sections below, we discuss
teachers’ PR to use technology in more detail. Important to note is that, during the analysis, we
discovered similarities in teachers’ reasoning when describing tools from within the same category.
Therefore, in the section below, we describe the most common reasons underlying the usage each
different type of technology identified in this study.

3.1 Mathematical action tools

Mathematical action tools refer to tools or software that are able to “perform mathematical tasks and/or
respond to the user’s actions in mathematically defined ways” [30, p. xii]. Within this category,
teachers in our survey mention the use of GeoGebra, graphic calculators, and spreadsheet software.

The integration of GeoGebra was the most mentioned technological tool. More specifically, 26 of the
30 teachers mention the use of GeoGebra as one of their three technology-mediated activities.
Classroom activities with this software were described for a range of topics, spanning geometry,
algebra, and statistics. In approximately two thirds of these activities, students passively observe how
teachers use this software during instruction. In contrast, one third of this subgroup describe in which
students use GeoGebra for computation, examining mathematical properties, or analyzing data or
graphs. With regards to reasoning, most teachers (81%) note valuing GeoGebra for its ability to
visualize (abstract) mathematical ideas and properties, which aid students in understanding the
subject matter (i.e., enhancement). For example, a teacher described how they could foster students’



understanding of a simple geometric relationship — the sum of the angles of a triangle is 180 degrees
— by quickly generating and dynamically adjusting geometrical objects. In addition, ten teachers also
report that GeoGebra helps to save time during instruction (i.e., efficiency), either by being able to
illustrate mathematical ideas quicker via dynamic visualizations or by reducing time spent on manually
constructing graphs of geometric objects on the whiteboard. Interestingly, three teachers note using
GeoGebra as a substitute for the graphic calculator, whilst indicating that their schools transitioned
from obligating students to purchase graphic calculators to students’ using this free software on their
own laptop.

The graphic calculator is the second most mentioned tool (18 of the 30 teachers). In contrast to
GeoGebra, teachers predominantly describe students’ actively using this tool in class for a range of
activities (e.g., creating graphs of functions, computation of complex operations). As teachers describe
students having their own graphic calculator, it could be argued that the prevalence of this technology
could underpin why teachers report students’ active use of this tool. In line with GeoGebra, teachers
value graphic calculators in visualizing mathematical ideas, concepts, and relationships (i.e.,
enhancement). An example of this is using the calculator to graph the derivative of a function. In
addition, teachers their reasoning also depicts using calculators in class as an opportunity to reduce
(unnecessary and/or difficult) computation or construction of graphs by hand. This not only saves time
during lesson (i.e., efficiency), allowing students to make additional exercises or receive additional
feedback, it also allows students to focus on mathematical reasoning to make sense of (complex)
examples or (word) problems (i.e., enhancement). In other words, offloading computation or
construction to calculators allows students to focus on reaching the goal of the lesson. In addition,
several teachers note that they find it important that students develop the attitude to check their
solutions (i.e., extend).

Lastly, spreadsheet software was mentioned by two teachers in which students actively use this
software to solve exercises in the discipline of Statistics. One teacher argues that the use of
spreadsheet software helps to quickly generate charts (i.e., efficiency) as well as helps to develop
students ICT-skills (i.e., extend). The other teacher vaguely reports that using spreadsheet software
aids in reaching lesson goals but does not explicitly state how or why the technology helps.

3.2 Presentation tools

We refer to presentation tools as programs or software that can be used to either statically or
interactively display digital media. In the analyzed activities, teachers mention using interactive
eBooks developed by educational publishers (6 teachers), note-taking apps such as Microsoft
OneNote, Google Jamboard or Notability (6 teachers), and PowerPoint (3 teachers). All the activities
within this category describe teachers using these tools during instruction to transfer knowledge.
Results show that the use of this type of technology is predominantly grounded on an efficiency-type
of reasoning in which teachers argue that these tools save time during instruction as teachers don’t
need to manually write on the whiteboard and teacher’s notes can be shared with students. Moreover,
the added structure that digital media provides would make it easier for students to follow the lesson
properly. In addition, teachers also mention that using e-books or presentation software makes it
possible for them to pace around the classroom more freely and monitor students more easily. The
use of note-taking apps is mainly used as a digital substitute of the traditional whiteboard during online
teaching. Two teachers valued presentation tools because they felt it keeps students engaged.

3.3 Instructional software and media

Activities within this category include the use of instructional videos (e.g., Wezooz Academy,
KhanAcademy, YouTube) or digital content-specific learning environments (e.g., Diddit, Classcraft).
The pedagogies underlying the activities in this category all relate to the knowledge transfer model of
learning, in which students either passively receive instruction or focus on drill and practice of
knowledge. The use of these types of tools are valued by teachers because they aid in adhering to
students their learning needs. Learning environments, for example, provide students with opportunities
to practice concepts at their own pace and competency level (i.e., enhancement), whereas
instructional videos offer students agency over their learning process as they can pause, fast-forward
or rewind aspects of an instructional video. Moreover, teachers value both in its opportunity to act as a
teaching aid in the classroom (e.g., allowing teachers to focus on providing additional support to
individual students) as well as its opportunities to move learning outside of the classroom (i.e.,
extend). Lastly, several teachers also mention valuing these types of software because they offer
engaging activities for students (i.e., engaging), whilst providing immediate feedback to both students



as teachers. Thus, offering opportunities to for both students as teachers to monitor learning
processes (i.e., enhancement).

3.4 Assessment tools

Eight teachers mention using assessment tools, specifically Kahoot!, BookWidgets or Socrative, for
both formative as summative assessment purposes. Five teachers note the opportunities these tools
provide to quickly and easily keep track of students’ understanding of the goals, informing them about
which students need additional support (i.e., enhancement). In addition, three teachers also describe
how using these tools reduce time spent on grading (i.e., efficiency). Lastly, two teachers mention that
assessment tools offer a fun alternative to review concepts at the end of a lesson (i.e., engagement).

3.5 Communication tools and system of integrated tools

Only two teachers mention using communication tools, specifically Microsoft Teams. Both teachers
state using Teams to efficiently converse as well as share digital resources (e.g., tasks, answer keys)
with students (i.e., efficiency). Teachers disclosed these practices originated from their online teaching
practices during Corona.

3.6 System of integrated tools

Lastly, two teachers also describe using the Google Workspace for Educational Fundamentals, which
provides a set of education tools from Google. More specifically, both teachers describe how this
workspace helps them perform a range of tasks, including sharing learning tasks via Google Sites,
collecting assignments via Google Classroom, conducting assessments via Google Forms, providing
instruction via Google Sheets, etc. One teacher describes how the use of these tools are engrained
within the pedagogical approach of the entire school, in which students take ownership over their own
learning (i.e., engagement) and teachers act as coaches. The other teacher mentions the use of these
tools in a more traditional pedagogical approach during online teaching, valuing these tools for
preparing students for the future work environment, in which similar type of integrated application are
ubiquities (i.e., extend).

4 CONCLUSIONS

The aim of this study was to explore secondary mathematics pedagogical reasoning underlying their
most-valued technology-mediated practices. Getting insight in how teachers reason about their
technology usage sheds further light on teacher’s technology integration processes. In this study, we
identified which types of tools secondary mathematics teachers use. From the results it is clear that,
although teachers mentioned a variety of tools, almost all teachers mention using mathematical action
tools such as GeoGebra or graphic calculators, indicating that these tools are strongly valued among
many mathematics teachers. Mathematical actions tools are praised for providing opportunities to
foster students’ understanding of the learning goals by visualizing (abstract) mathematical concepts. In
addition, we also found that teachers strongly value these types of tools because they help to save
time during lessons (e.g., eliminating unnecessary computation or construction). This result ties well
with McCulloch et al. [28] which showed teachers valuing technologies’ ability to provide opportunities
to improve students’ mathematical understanding via delegating procedures to technology, generating
examples quickly, and supporting students’ sense-making of mathematical ideas.

Another significant finding with regards to teachers’ PR was the extent to which the teachers
dominantly reason from an enhancement or efficiency standpoint to explain the value of their
technology usage. Surprisingly, engagement or extension type of rationalizations were limited. These
results suggest that mathematics teachers prioritize technologies that help to manage their
professional responsibilities effectively or efficiently. These findings are in contrast with Heitink et al.
[11] who showed that most teachers use technology to make the learning process more attractive and
motivating for students. We speculate that this difference may be due the fact that our study adopted a
domain-specific focus on secondary mathematics. In this light, it could well be that the very nature of
teaching secondary mathematics triggers teachers in looking for ways to support students’
understandings of complex mathematical concepts, relationships, and ideas by adopting technologies
which aid in enhancing students’ learning either directly or indirectly via efficiency-grounded
technology usage (e.g., freeing up time to spend on additional practice or feedback).



Concerning the high prevalence of efficiency-type rationalizations in our study, one could question to
what extent these efficiency-related type of reasoning can be categorized as PR. For example,
Forkosh-Baruch et al. [21] their revised definition of PR (mentioned above) refers to PR as reasoning
that has sustainable learning at its core, clearly excluding all types of reasonings that are based purely
on efficiency. In contrast, similar to the findings in our study, other studies have reported that teachers
find technology effective when it helps them manage their classroom activities more efficiently, helping
them free up valuable time to engage students more deeply in the subject matter [15, 28]. Concerning
this issue, we argue that there is a need for nuance, in which a distinction should be made between
(a) teachers deliberately deciding to use technology to free up time which could be spent on, for
example, additional practice and review, and (b) efficiency type of reasonings that do not have a
subordinate pedagogical goal in mind (e.g., reducing time on manual grading, having quick access to
other teachers’ resources). Although teachers can find value in both types of technology use, we
argue that the former type of efficiency-reasoning originate from a subordinate pedagogical intention
and, consequently, should also be considered as PR.

With regards to how technology was used, results dominantly show mathematics teachers using
technology within a knowledge transfer pedagogical approach. Moreover, in this study, not one
teacher described the use of collaboration tools in their practice. These findings are in accordance
with other studies reporting that teachers mostly use technology in traditional, teacher-centered
practices [6,11]. Research often problematizes the dominance of this traditional pedagogical
approach, whilst favoring a knowledge construction pedagogical approach for technology-rich
education [1,6]. Scholars have recently begun to steer away from overly focusing on this single
dimension of technology integration, as equating effective technology integration with (just one)
pedagogical approach is problematic [15]. Regarding this discussion, we agree with the suggestion of
Kopcha et al. [15] that, in order to generate a complete understanding in the complexities of teachers’
technology-integration, we should place greater focus on unpacking the process of teachers’ decision-
making when they are considering how technology can help them to address learning needs and
achieve learning goals within an unique school context. In the limitations below, we put even more
stress on this issue by highlighting the importance of focusing on examining the process of teachers’
PR.

There are some limitations to this study. First, to determine teachers’ PR on using technology in
mathematics, we used a survey with open-ended question in which teachers could describe the
reasoning underpinning three of their technology-mediated classroom activities. However, capturing
reasoning in this manner could have restricted teachers to fully disclose their technology-integration
practices. For example, teachers were asked to describe which technology they use in a specific
classroom activity, indirectly limiting them in discussing how they possibly use multiple technologies in
concert. With regards to this, research mentions that teachers often use multiple technology tools at
once during a single lesson [1, 28]. We argue that the use of qualitative interviews could provide more
accurate and richer descriptions of how and why teachers decide to use (a combination of) certain
technologies within their unique school context.

A second limitation focuses on our examination of PR. Via survey questions, we prompted teachers to
share their PR in a retrospective manner. That is, reflecting on the added value of existing technology-
mediated activities. However, this did not capture the in-process reasoning that a teacher went
through when they originally designed, implemented, and evaluated their technology-mediated
activities. Hence, our approach to examining PR only offers a limited window into teachers’ entire
technology-integration processes. Moreover, teachers’ reasoning is known to be tacit in nature [19].
Consequently, the reasoning depicted from our data could perhaps only show a fraction of the reasons
teachers adhere to their technology-rich classroom practices. This may also explain why a fifth of the
analysed activities in this study did not include any sound PR. To fully unpack teachers’ technology-
related decision-making, we recommend research to further unpack the thinking processes teachers
go through whilst designing, enacting, and evaluating new technology-mediated practices. Unpacking
PR in this manner could help shed light on how decisions are made whilst being mindful of broader
contextual constrains [15]. A valuable starting point to this aim, is the use of theoretical models which
updated Shulman’s original PR&A process model to account for teachers’ technology-integration
behaviours [16].

Our study generated important results as the literature on PR about technology is still limited, and
there is an almost complete dearth of research which focuses on the teachers’ PR in the context of
secondary school mathematics. The pedagogical uses of (different types of) tools identified in this
study could benefit other (student-)teachers in their technology-integration processes. Hence, sharing



in-service teachers’ reasoning with (student-)teachers in professional development initiatives (PDIs)
may stimulate them to consider the benefits that different types of technology tools have to offer [17,
25]. In addition, we are one of the first studies that analyse teachers’ technology-related decision-
making via Kolb’s Triple E’'s with a fourth E, Efficiency. We suggest using these 4E’s in PDls as it
provides a clear and robust framework to let (student-)teachers reflect on their technology-mediated
practices. In addition, it may nudge them to integrate technology to incorporate one or multiple E’s. An
added benefit of using the 4E’s in PDIs that it allows (student-)teachers to reason about their usage of
educational technology, without positioning one pedagogical approach as being superior to another
[15]. Ultimately, we believe that these professional development suggestions may stimulate teachers
into reasoning more soundly on their integration of technology in the classroom.
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