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Abstract: The role and the availability of digital technology in society is growing, which is why
educators need to increasingly more often decide which types of digital technology to integrate into
their teaching and when to integrate them. Thus, those decision-making skills need to be developed
and measured especially for pre-service mathematics teachers. Therefore, we conducted an
explorative interview study to understand the portfolio of argumentation on whether to use digital
technology in different teaching phases and what criteria are used when making those decisions.
Our results are based on ten interviews with pre- and in-service mathematics teachers in Germany.
The analysis shows that (1) different levels of argumentation can be distinguished and (2) there are
indications that teachers need to be aware of digital technology when deciding whether or not to
use digital technology in a teaching setting. In addition, (3) besides the teaching-phase perspective
and the learner-perspective, we expanded current research by formalizing the educator-perspective
in a list of decision criteria. The compiled list of decision criteria was theoretically validated through
the literature. In combination with the applied teaching phase framework and taxonomy of digital
technology the list could aid in the development of the decision-making skills and potentially could
result in a more reflective use of digital technology by pre-service and in-service teachers.

Keywords: digital competencies; pre-service teachers; student teacher evaluation; technological
advancement; decision-making skills; mathematics teacher education
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1. Introduction

Given the growing role of technology in society and education, as well as the
growing number of digital technologies [1] available to teachers [1-5], it is important that
the technology-related competencies of educators constantly evolve [6]. Educators must
decide increasingly more often which types of technology to integrate into their teaching
practice and when to integrate them to be effective and meet the demands of society and
their learners, not only because of curricular guidelines/standards, but also because of
their intention to prepare their students for a work environment in a future that will be
even more digitalized and driven by technology [7]. In summary, the crucial skills [8] and
the knowledge [9] of educators for making appropriate decisions on when and which
types of digital technology to use in teaching are driven by the increased digitalization of
society and by the increasing number of digital technologies available.

Unsurprisingly, the skills and knowledge required for selecting suitable digital
technologies have been added to educator competency frameworks such as the ISTE
Standards for Educators [10] or the DigCompEdu [11]. The latter entails twenty-two
competencies and one of them is “Selecting digital resources,” which is defined as seeking
“To identify, assess and select digital resources for teaching and learning. To consider the
specific learning objective, context, pedagogical approach, and learner group, when
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selecting digital resources and planning their use.” [11] (p. 20). The framework does not
further outline the selection or decision process beyond the definition that is required for
the development and the assessment of the competency “Selecting digital resources”.
However, in addition to the factors cited in the framework, namely the learning objective,
teaching context, pedagogical approach, and learner group, other factors potentially play
a role when educators are making those decisions [11-14]. They need to be understood to
foster and assess such skills and knowledge; therefore, we conducted an interview study
with pre- and in-service mathematics teachers to explore their decisions regarding their
use or non-use of digital technology in teaching.

In the following sections, we first describe the applied definition of digital
technology —which is an extension of “digital resources” as used in the definition of
“Selecting digital resources” in DigCompEdu [11]—and the theoretical model for
describing the teaching context. Then, we situate “Selecting digital resources” within a
definition of educators’ competencies and specify our research questions. Subsequently,
we present the results of the interviews conducted in the time from April to July 2021 with
ten pre-/in-service mathematics teachers from Germany.

2. Theoretical Background

Choices regarding the use or non-use of digital technology (dT) in teaching settings
cannot be taken generally [15] but depend on various factors [11-13], including the
teaching setting or teaching context and the type of dT. Thus, we introduce the model of
teaching phases by Prediger et al. [16] to describe the teaching context and the taxonomy
by Clark-Wilson et al. [1] for a description of dT.

2.1. Digital Technology in Education

Given the dynamic nature and growing number of dTs, a taxonomy for defining dT
that provides a level of abstraction is needed. Different taxonomies have been developed
over time to define and describe the use of dT in teaching mathematics. One of the early
taxonomies by Schoenfeld [17] entails describing the potential use cases for computers in
mathematics by distinguishing the aspects of “drill-and-practice, tools to do the
drudgework, multiple representations, simulations, dynamic representations
programming, and intelligent tutor systems”. Other taxonomies [18] (p. 243) use a
learner’s perspective and their interaction with learning content using dT —Do, See, Read,
and Learn, or a grouping of dTs by discerning the ways in which they are shaping the
mathematical cognition—dynamic and graphical tools, tools that outsource processing
power, new representational infrastructures, and the implications of high bandwidth
connectivity on the nature of mathematical activity [19]. A taxonomy specifically for
mathematical analysis software (MAS) by Pierce and Stacey [20] maps out the pedagogical
opportunities of MAS by subject, classroom, and task. Further perspectives and a finer-
grained discrimination are introduced in a taxonomy by Bray and Tangney [21] (p. 263),
which distinguishes the categories of dT, learning theory, the Substitution Augmentation
Modification Redefinition (SMAR) level [22], and purpose, each with additional
subcategories.

The taxonomy by Clark-Wilson et al. [1] (pp. 1225-1226) groups dT by its use within
a teaching situation, including the non-teaching related duties of educators [23,24]; the
uses are termed as follows.

e Organizing: “As a support for the organization of the teacher’s work (producing
worksheets, keeping grades)”;

e Representation: “As support for new ways of doing and representing mathematics”;

e Collaboration: “As a support for connecting, organizing in communities,
communicating and sharing materials”;
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e Independent:”...a commercial and industry driven function, which supports students’
more independent work and focuses on practicing and assessing previously taught
mathematical knowledge and skills in a range of online formats.”

Whereas the other taxonomies of dT in education focus more on technology relative
to the mathematical learning content, the taxonomy by Clark-Wilson et al. [1] also includes
the aspect of technology aiding educators in organizing their work. This aspect is also
emphasized in teacher competency and knowledge frameworks [9] (p. 1028), [11] (p. 19);
therefore we used this taxonomy for our research.

Digital technologies such as software applications or hardware can be assigned to
each of the four technology groups, by either a specific application name or a generic term
for a particular technology. Computer programs such as Excel, Numbers, and Google
Sheets would be examples of the former, which are all referred to as spreadsheet software.
Further, when categorizing dT using the taxonomy, some dTs may only provide a subset
of the functionality described for a group whereas others fulfill the functionality of
multiple groups. In addition, software applications can be further differentiated by open-
source software, supported and developed by a community or made available
commercially, and supported applications. Figure 1 shows samples using the generic
terms for dTs and their positioning within the four technology groups—Organizing,
Representation, Collaboration, and Independent. The shading indicates the degree of fit of a
particular technology within a group.

L
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Figure 1. Examples of dT by the four technology groups Organizing, Representation, Collaboration,
and Independent.

For instance, the Learning Management Systems (LMS) in the center entail the
features or allow for the integration of technology in a way that enables all the aspects of
the four technology groups to be addressed [25]. Spreadsheet software enables educators
to track grades and fits the Organizing group. In addition, in mathematics education,
spreadsheet software supports the creation of worksheets and the representation of
mathematical learning content [26,27]; therefore, it also belongs to the Representation
technology group. Dynamic Geometry Software (DGS) [28] is most applicable to
mathematics as well as spreadsheets SW, whereas the technologies in the groups
Collaboration, Independent, and Organizing are also applicable to other teaching domains.
Next to the overlapping functions and features of the particular technologies, it needs to
be noted, especially for software applications, that the feature set of a particular
application can change over time.

First, the provided sample technologies and explanations highlight the complexities
and demonstrate that a particular technology can be used in various ways in education.
Second, the taxonomy encompasses dT related to teaching and the non-teaching related
activities of educators. For pre- and in-service teachers to reflectively and effectively
decide whether or not to use dT, they first need to be aware of the digital technologies that
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are available to them; therefore, an awareness of the technology of all four groups—
Organizing, Representation, Collaboration, and Independent —is required knowledge.

2.2. Core Teaching Phases

The decision on the use or non-use of dT is correlated with the factors of learner-age
and learning content, which are dependent on the teaching setting and teaching context.
Prediger et al. [16] with supplements from Leuders [29] describe a model of teaching
phases—based on the seminal work by Herbart [30] —that can be used to design teaching
arrangements and to make situational teaching judgment calls. In the model, four core
phases are differentiated and defined by their didactic function, cognitive activity, and
epistemological quality. The didactic function describes the perspective of the educator,
and the cognitive activity designates the perspective of the learner. From an
epistemological perspective, the quality of the cognitive processes triggered by the
cognitive activities are of interest. A translation of the definition of each phase is as follows
[16] (pp. 770-772).

e  Connecting (C): Describes the phase in which educators assess previous (related)
learning content, activate the learner’s real-world conception of (new) learning
content, and provide an advanced orientation of (new) learning content through
inquiry. The learners’ cognitive activities in this phase include remembering,
expressing initial intuitions, encountering difficulties, and raising questions.

e Discovery (D): In this phase, new content or contexts are explored and the didactic
goal is to build concepts, develop procedures, and elaborate contexts using problem-
containing intentional situations and tasks. The learners solve problems and explore
mathematical patterns and phenomena in mathematical and real-world scenarios.
The epistemological quality is determined by the discovery of new mathematical
content and thus possesses an unknown coherence for each learner.

e  Systemizing (S): Systemizing is the phase where the learnings of individuals are
linked together with the entire learning group. Individual insights are connected
where applicable to mathematical theorems. A balance between convergence-
generating constriction and individual activity is achieved by learner activities such
as the mapping of learning content, supplementing examples, and the explaining of
the learning content. From an epistemological quality, this phase focuses on the
regularization of learning content and represents the nexus between individual
learnings, the mathematic learning content, and the learning group as a whole.

e  Practicing (P): The didactic goal—the educator’s perspective—of this phase is to
make learning content available over a long term by practice and repetition, whereby
the cognitive activities are described as “Practicing skills, reflecting on concepts,
examining structures, solving problems—all of these can be addressed in practice
tasks that are accessible to both strong and weak students alike. This is also referred
to as “natural” differentiation.” [29] (p. 134). The epistemological quality is
determined by the type of tasks—meaningful, open for discovery, self-
differentiating, reflexive—and the task repetition, differentiation of levels, operative
flexibility, and the required reflective understanding.

The authors state that other aspects such as creativity [31-33] and the collaborative
exchange [14,34] can be developed within each phase by providing those stimulations.
This resembles the dT group of Collaboration [1] as outlined in the previous section. In the
context of this paper, we use the model to evaluate the decision processes regarding the
use or non-use of dT within each phase. Digital technology can be used in all four teaching
phases to either support a didactic function, cognitive activity, or both.

Next, we highlight some of the studies which have investigated the use of dT in
teaching and their didactic opportunities and cognitive affordances. Some of the findings
are specific to a teaching phase, whereas others apply to multiple or all teaching phases.
Drijvers et al. [14] highlight the cognitive support that dT provides to learners in the
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exploration of learning content, the fostering of self-directed learning by self-assessment
[14] (p. 17), [35], and the promotion of dialogue and collaboration when learning
mathematical content with dT [14] (pp. 20-23). The meta-analysis by Hillmayr et al. [36]
reviewed 92 empirical studies in the teaching domains of mathematics and science in
lower and higher secondary education and compared the learning outcomes of teaching
with and without dT. The findings showed that teaching with dT had a small positive
statistically significant effect on learners’ attitudes towards the subject taught, which
speaks to the cognitive motivational aspect that the use of dT has on learners regardless
of the teaching phase and regardless of dT. Volk et al. [37] cite similar results at the
primary school level.

The study by Roschelle and Singleton [38] specifically highlights the cognitive and
didactic affordance of graphic calculators in teaching: “Underlying these pedagogical
affordances, we see several basic cognitive contributions of calculators to student learning.
One prominent factor involves reducing cognitive load and allowing students to focus
more attention on high-level thinking [39]. Students with calculators can take on
traditional tasks in new ways and also tackle new topics that would otherwise be
inaccessible” [38] (pp. 954-955). Similarly, the study by Barzel and Moller [40] highlights
the motivational and cognitive support that graphic calculators provide when exploring
learning content using trial and error methods, again underlining the use of dT in the
Exploring phase. Equally, in the context of geometry and calculus, the use of dT increases
the didactic possibilities of educators and the ability of learners to visually explore the
learning content using dT[41], once again stressing the value of dT in the Exploring phase.
The reduction of learners’ cognitive load by outsourcing mathematical operations to a
Computer Algebra System (CAS) and consequently freeing-up teaching time is
emphasized by Peschek and Schneider [42]. This aspect is also not explicitly stated, but
can apply to the phases of, Connecting, Exploring, and Practicing. It is to a lesser degree
applicable to the Systemizing phase since the focus there is to ensure the individual
learnings are linked together with the entire learning group.

The use of well-designed interactive digital learning environments with interactive
and adaptive exercises with feedback lowers the cognitive load of learners and leads to
better learning results than traditional paper and pen worksheets, especially for low-
achieving learners [43]. This shows that dT in the form of eBooks can provide value in the
teaching phases of Connecting, Exploring, and Practicing. Ziatdinov and Valles [44]
highlight DGS’s positive effect on learning outcomes at secondary and university levels
in mathematics and STEM education, as well as the ability to use DGS for exploration in
modelling tasks. Similar to in other studies [45,46] the motivational effect of DGS dynamic
worksheets is cited. Thus, in the context of the teaching phase model DGS can be applied
in the Connecting, Exploring, and Practice phase and as previously stated is part of the dT
groups of Organizing, Representation, and Independent. Similar highlights were presented
in the study by Lindenbauer and Lavicza [47] on the use of DGS worksheets for connecting
new learning content to existing knowledge and experiences, which is thereby an example
of the use of dT in the Connecting phase.

The provided empirical studies and theoretical papers are just some examples of
different dTs and their didactic and cognitive affordances in primary, lower and higher
secondary, and higher education in the context of mathematics education. While some of
the studies are directly attributed to a particular phase, others apply to all or multiple
phases.

2.3. Digital Technology Affordances for Educators

Besides the didactic possibilities of dT and its affordances for supporting the
cognitive activities of learners, the use of dT also presents affordances to educators
themselves. In a study by McCulloch et al. [12], a participant highlighted the benefit of a
quiz-software —from the dT of the group Independent in the taxonomy described in Section
2.1—as follows: “So, Kahoot, I like to use it as a review game...and it’s nice for me as a
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teacher because I immediately get the results. And so, we can see how many people got it
right, and how many people got it wrong” [12] (p. 34). The aspect of immediate feedback
is more formally described by Drijvers et al. in the context of dT for assessment: “The
scoring argument: Grading of students” work may be automatized. This may save much
time for the teacher. In addition, automated grading is not only fast but also objective and
consistent; its results may provide data for learning analytics.” [14] (p. 13). Both instances
speak to the properties of educators’ efficiency and time saving. The constraints of such
dT are also notable because of the level of effort involved and the ease of the use of the
technology [14] (pp. 13-14). In addition, the assessment and quiz software, as with any
other technology used in education, need to meet the local data protection and privacy
laws [48]. Educators need to take those requirements into consideration when employing
dT in their teaching [9] (p. 1039), [11] (p. 20), [2] (p. 312). The notion of the level of effort
involved for educators when educating themselves on dT versus the merit of dT is
captured in the technology adoption model for mathematics by Tatnall [13] (pp. 1206—
1207). The model describes the decision to use dT as being contingent on the performance
expectancy (PE), the effort expectancy (EE), social influence (SI), and facilitating
conditions (FC) assuming the adopter has free choice in the decision. The studies by Al-
zboon et al. [49], Birch and Irvine [50], and Chao [51] highlight those factors when
adopting dT in education.

To recapitulate, in Section 2.1 we have described the taxonomy of dT [1] and the
reason for its application in the study. The applied definition of dT in the form of the
taxonomy in this study is an extension of the term “digital resources” as defined in the
framework by Redecker et al. [11] (p. 90) and consequently we refer from here on to
“Selecting digital technology” as opposed to “Selecting digital resources.” In Section 2.2,
we have introduced a model to describe the teaching context in the form of the teaching
phases— Connecting, Exploring, Systemizing, and Practicing, which are different from the
learning objective and learner group —applicable to the decision and selection process. In
Section 2.3, we have cited factors that might influence educators” decision of whether to
use dT because of their merits and the involved effort for the educator. We also want to
point out that in the literature, there are different definitions of the term competency
[52,53] suggesting that competency entails knowledge, attitude, action, and skills [8]. We
consider “Selecting digital technology” as one of the skills educators require to
successfully teach with and take full advantage of dT in education and therefore refer to
it as a skill and not a competency as stated in the DigCompEdu framework [11].

3. Research Objectives

To understand the selection and decision process regarding the use of dT in teaching
mathematics (as a part of the digital competencies of (prospective) teachers), we posed the
following research questions (RQs).

RQ1: How do pre- and in-service teachers reason for or against the use of dT in
different teaching phases?

This question will be specified in the context of a specific learning subject, learner-
age group, and teaching phases (i.e., all four phases of the model by Prediger et al. [16]
are addressed) and represents the teaching-phase perspective.

RQ2: How do learner-age and learning content factor into the decision of pre- and in-
service teachers when deciding on the use of dT in teaching?

With this question, we specifically inquire about the learner-age and at what age to
start teaching with dT, as well as the learning content. These criteria in the decision
process denote the learner’s perspective.

RQ3: How do the affordances of dT for the educator factor into the decision of pre-
and in-service teachers when deciding whether to use dT in teaching?

Here, we want to explore the aspect of the educator’s efficiency and the level of effort
for educators associated with dT as outlined in Section 2.3 and any other factor
participants would consider when making the decision. The RQs segregate the decision
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by three perspectives: teaching-phase —learner-age/content-perspective, and educator-
perspective.

4. Materials and Methods

In the following sections, we provide an overview of the research design of the
explorative interview study, including the participant selection process.

4.1. Design of the Explorative Interview Study

To answer our research questions, we have used semi-structured interviews with
pre- and in-service teachers (i.e.,, novices and experts) regarding the use of dT in
mathematics lessons. Along with some demographic questions, the respondents were
asked to explain whether they use dT in the four phases of teaching as well as specific
questions defining the mathematics subject and the learner group. In this part of the
interview, we let the interviewees choose their preferred mathematics subject and
learning group to reason on familiar grounds. In the second part of the interview, we
inquired on the use of dT in teaching on a more general level —not restricted to a particular
subject and student group. In particular, we inquired how the learner-age and the learning
content factored into the decision on whether to use dT and gave room for the interviewee
to cite any other factors they consider when making that determination. This two-pronged
approach was taken to gain an understanding of how participants would reason within a
specific setting and in broader terms of teaching with dT.

4.2. Participants

To obtain an understanding of the varying argumentation on whether to use dT and
the argumentation used in the reasoning, we looked for participants with different
degrees of experience.

e  Pre-service mathematics teachers at the beginning of their university studies, who
had limited exposure to didactic concepts and digital education technology.

e  Pre-service mathematics teachers towards the end of their university studies with the
theoretical didactic knowledge provided by the university curricula.

e In-service mathematics teachers with multiple years of teaching experience in lower
and upper secondary and higher education to obtain a practical perspective.

For pre-service mathematics teachers, the school level was less relevant, especially
for pre-service teachers at the beginning of their university education, as the curricula are
identical. For in-service teachers, we looked particularly for teachers in lower and upper
secondary and higher education, since at those levels, dT is part of the curricula in
Germany. To obtain the perspective of how dT is integrated into education standards and
when DGS environments are created, we looked for participants who were involved in
those activities and decisions.

Our final participant sample consisted of two pre-service teachers at the beginning
(Ist and 2nd semester) and three pre-service teachers towards the end of their studies (6,
8™, and 10th semester), who studied at a German university with an emphasis on special
or on lower secondary education. The pre-service teachers for primary and special
education receive the same mathematics university curriculum. Additionally, five
German in-service mathematics teachers participated, whose teaching experiences varied
between four and thirty years in lower and upper secondary education. None of the pre-
service teachers had any formal training on using dT in education, whereas one of the in-
service teachers participated in training programs on the use of dT in education; the others
taught themselves by preparing teaching artifacts and teaching with dT. All in-service
teachers used dT in their teaching —as it is mandated at the grade level they teach—and
two of them were teaching university seminars for pre-service mathematics teachers on
the use of dT in mathematics education. One of the in-service teachers was involved in the
design of curricula for German mathematics education. He and one other in-service
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teacher also had experience with dT in mathematics education since its integration into
schools, starting from the pocket calculator to the introduction of DGS. In addition, both
were active in the creation of the tasks for the central upper education math exam and the
creation of DGS worksheets. The broad diversity of participants was chosen to enable the
maximum variability of answers and reasoning and to obtain the perspectives from
different vantage points within education, such as pre-service teachers at the beginning
and the end of their development, perspectives from practical teaching experience,
creators of DGS work environments, and architects of lower and higher education
curricula.

4.3. Data Analysis

Ten interviews were conducted between April and July 2021 via a video-conference
tool and were transcribed. The transcripts were coded via qualitative content analysis [54]
using MAXQDA [55]. In the following, the results of the coding are presented. Citations
are abbreviated and designated as either pre-/in-service teacher indicated by the prefix
“Pre-T-”/ “In-T-” followed by a number indicating the semesters of study or the years of
teaching as well as the time stamp within the interview. The English translations of the
interview coding by the authors are presented.

For research question RQ1 there is no objectively correct answer to the question of
whether to use dT in teaching [15] (p. 14). Using a specific digital tool can be a good
decision in one class, while it would be a bad decision in a parallel class. Therefore, we
cannot rate decisions regarding the (non-)use of dT. However, we can evaluate the
arguments used to back up this decision and determine whether they are didactically
grounded or not. Thus, our analysis is two-layered, first taking note of the decision, and
second analyzing the arguments used to explain this decision. For the latter layer, we
differentiated argumentations with (a) no argument, (b) argument(s) which were not
substantiated or were generic, and (c) argument(s) substantiated by either a didactic
function, cognitive activity, or interviewee’s own application.

For research questions RQ2 and RQ3 we took note of the learner-perspective
criteria—age and content—and the educator-perspective used in the decision process and
then categorized them into theoretical and teaching practice-based criteria. Theoretical
criteria are supported by theoretical studies and findings, whereas teaching practice-
based criteria speak to the practical teaching experience. Criteria which fit both
descriptions are coded accordingly. We elaborate on the designation of theoretical and
teaching practice-based criteria in Sections 5.4 and 5.5.

5. Interview Coding and Discussion of the Findings

In Section 5.1, we provide sample responses and the coding of those responses
followed by Section 5.2 with a discussion of the results for RQ1—the teaching phase
perspective. Similarly, in Sections 5.3 and 5.4 for RQ2—the learner perspective, and in
Sections 5.5 and 5.6 for RQ3 —the educator perspective.

5.1. Interview Coding Regarding RQ 1— Teaching-Phase Perspective

Two different directions within the first section of the interview were taken by the
participants. The first direction was taken by one pre-service teacher in the sixth semester,
who stated that the selection of dT cannot be made by the teaching phases and that the
decision is rather based on the type of technology. This approach is similar to the
taxonomies as outlined in Section 2.1, as it maps the features of dT to a didactic outcome
and teaching situation. Even though this approach is valid, for the analysis, this interview
was excluded as it doesn’t answer the research question at hand. The second direction
was taken by all the remaining participants, whose responses were used as the bases for
answering the research question using a two-layered approach. In the first layer, we take
note of the decision and analyze the arguments used to explain this decision. To that end,
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we first provide some examples of the applied coding system by teaching phase and the
suggested dT within each phase, and later provide a summary of the types of
argumentations clustered by the participant groups.

5.1.1. Coding of the Argumentation Used in the Connecting Phase

The following response is an example of a decision to not use dT in the Connecting
phase because of a lack of knowledge of any applicable technology.

[06:17]—Pre-T-2: “Connecting. Well. I would say no...At the moment, I cannot think
of a use for software to capture one’s previous experience. I think that I would rather do
in a conversation...”

The method —conversation or plenary discussion —was suggested in the context of
small size groups of special education learners. A response providing no argumentation
but explaining the use of dT to connect to the learning goal (Symmetries in the 3rd grade)
using an example is provided next.

[05:06] —Pre-T-2: “So one idea would be, for example...let them [the learners] google
any symmetrical objects...if one wants to make it a bit more action-oriented, one could
also send them [the learners] out and say: photograph anything symmetrical and discuss
it afterward.”

The suggested dT—Google search and a digital camera—are examples of technology
use and their potential to motivate learners.

A response with an argument substantiated by a didactic and cognitive purpose
follows, which explains the use of a quiz app [Biparcours] versus paper and pen
worksheets in the Connecting and Exploring phases.

[11:16] —In-T-10: “So now I use a digital tool [Biparcours], which is not explicitly
mentioned in the curriculum... I found this methodology useful for motivation and to
promote self-directed learning. The [students] can work through the questions in the
Biparcours at their own pace and receive automated feedback and continue...”

The app is used to reactivate the learner’s prior knowledge of a related subject and
let them explore the new content. The choice is explicitly supported by the didactic goal
in those phases and the fostering of self-directed learning. In addition, the motivational
aspect of technology with respect to the cognitive activities of the learners is mentioned
in the reasoning. Implicit in this response is also the aspect of automated feedback and
leveraging of the group instead of individual results assessing the outcomes of the phases.
This speaks to the property of the educators’ efficiency gained from the use of the
technology. Notably, in this use case the dT connects the prior learning content to the new
learning content, whereas in the former response the dT is used to connect the learning
content to a real-world application.

5.1.2. Coding of the Argumentation Used in the Exploring Phase

The last response in the previous section was in regard to the Connecting and the
Exploring phase and is not repeated here. The following responses are entirely in the
context of the Exploring phase and a response using a cognitive argument is provided next.

[07:45]—In-T-4: “I think that when you are exploring and discovering new
mathematical facts, the effort is very high... and if you can relieve this high cognitive
hurdle that is involved in the discovery in some form by having the technology remove
certain repetitive sequences of actions, such as the construction, which is done identically
over and over again, we can outsource that...”

The argumentation highlights the aspect of outsourcing and reducing the cognitive
load when introducing new learning content using dT. Another response is within the
context of geometry, but now emphasizing the time saved using dT, which reads as
follows:
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[08:13] —Pre-T-10: “...when you conceive a hypothesis...and then you cannot test it
that quickly [using pen and paper]. Or, in general, when using trial and error it is often
much easier and faster with digital tools, especially when it comes to dynamic geometry
software. For example, that means you do not waste time on any elaborate drawings ...”

The argumentation explicitly speaks to the time saved for learners, but a similar
benefit can be assumed for educators. An argumentation of a pre-service teacher in the
second semester reads similar to this:

[07:13] —Pre-T-2: “Yes...I have only just familiarized myself with GeoGebra this
semester. At some point afterwards, that was then quite practical, for finding things out,
for exploring. Somewhat similar to discovering how things relate to each other? That
becomes difficult at some point if you do it with a pencil and paper, and then it becomes
static...I thought that it was quite good [using dT] ... because it is actually quick and
you could play around.”

This participant is in favor of GeoGebra—a type of DGS—in the context of geometry
and the Exploring phase, because of his own experience using DGS at university.

5.1.3. Coding of the Argumentation Used in the Systemizing Phase

First, a response of a pre-service teacher who understands the sole purpose of the
Systemizing phase to connect the learning content to a mathematical theorem, but not
necessarily the aspect of ensuring that the education of the individual is shared across the
entire learning group.

[06:20] —Pre-T-2: “Yes, let us systematize, e.g., ... I distinguished point and axis
symmetries and that could be systematized, e.g., ... you could, for example, mirror the
axis horizontally or vertically...exactly this could be systemized”

In addition, rather than providing an argument for the decision to use dT in this
phase, an explanation of how it would be conducted is given and the explanation
potentially indicates an incorrect understanding of the mathematical theorems. Another
pre-service teacher stated to not know any dT applicable to this phase.

[14:25]—Pre-T-10: “... My problem is somewhat that I do not know what kind of
possibilities there are because I do not know [applicable dT]...”

The response of an in-service teacher regarding the learning content of symmetries
highlights the use of dT to enhance communication and collaboration —suggesting the use
of dT corresponding to the Independent group.

[15:17]—In-T-4: “...of course, you can also use digital tools to promote communication.
Online platforms, forums, or digital whiteboards, on which one has the possibility,
especially now in times of distance learning, to share [results and findings] and to enter
into discussion with each other. So, these are possibilities enabled by digital tools.”

The response with the explanation of how dT would be integrated is discounted in
the final results.

5.1.4. Coding of the Argumentation Used in the Practice Phase

In regard to the Practice phase, an in-service teacher argues for the use of paper and
pen worksheets rather than dT so that the learners have their worksheets for later
reference. The Quiz-App, Biparcours, which this in-service teacher used in the Connecting
and Exploring phase, is not used in the Practice phase because it would require learners to
register to keep a permanent record of their worksheets. Due to data privacy concerns and
the registration requirement, the dT is not used.

[13:33] —In-T-10: “...there is a [paper] worksheet for this, which can be used for
practice, because in the Biparcours the results are not permanently stored...since the
students do not use a login... they cannot [go back at a later point] to look at things...”
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An instance of a response with a very generic argument by a pre-service teacher for
this phase reads similar to this.

[09:38] —Pre-T-2: “So first of all, I think that it generally makes sense to use it [dT]
because I just think that it totally focuses the attention of students.”

This very generic response was excluded from the final list of arguments.

5.1.5. Summary of the Arguments by Teaching Phase

In the previous sections, we provided examples of the argumentation used by the
participants for or against the use of dT in a teaching setting in relation to Connecting,
Exploring, Systemizing, and Practice. Figure 2 shows a summary of the arguments used by
the participants for or against the use of dT for each teaching phase. The arguments
supporting a didactic aim are shaded dark grey and those supporting the cognitive
activities of learners are shaded light grey, and a lighter grey is used when the
participant’s own experience of using the dT was used in the argumentation. Only
arguments that are substantiated are included by an abbreviation in the figure. Choices
that were not substantiated or that were too generic are not shown. From Figure 2, the
observation can be made that participants provided arguments for or against the use of
dT and that a portfolio of arguments exists. Another observation is that in the Exploring
and Practicing phase the decisions that are supported by an argument are unanimous, and
in the Connecting and Systemizing phase a prevalent reason for not reasoning in favor of
dT is an unawareness of an applicable dT. Further discussion of these results, particularly
the unawareness of an applicable dT, is deferred to Sections 5.2.3 and 5.2.4. Notably, none
of the participants cite a poor teaching experience with dT as a reason for not using dT in
a particular teaching phase.

self-directed learning

self-directed learning

educators' efficiency

Connecting
not aware of any dT for this phase not usedT

Exploring

: P time savings for educator & learner
foster collaboration and communication 9

usedT
own experience

self-directed learning
Systemizing

data privacy

not aware of any dT for this phase not use dT

no experience using dT

not use dT

Practicing

Ensure manual construction/operations
are practiced

Figure 2. Arguments for or against the use of dT for each teaching phase.

We also coded the dT cited by the participants in the context of each teaching phase
in their reasoning. The results of the three groups of participants, Pre-T-2, Pre-T-8/10, and
In-T-x, and for each participant are shown in Table 1. The dT groups as defined in Section
2.1 are used, whereby the letters in each cell correspond to the dT groups — Organizing (O),
Representation (R), Collaboration (C), and Independent (I)—and a dash if no specific dT was
mentioned or if the dT was used in generic terms. The expression “no dT” indicates that
the participants argued not to use dT for didactic reasons unless noted otherwise. In
addition, we distinguished for each teaching phase if the dT was cited in connection with
a cognitive (c) or didactic (d) argument. Exceptions to the two categories of argumentation
are noted within the footnotes of the table.
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Table 1. Digital technology named for each phase by the participants.

Part. Group Pre-T-2 Pre-T-6/8/10 In-T-x

Part. No. Arg. 1 2 3 4 5 6 7 8 9 10

Connecting ¢ ' i — i i i LO i i i

d - - 2 - - - IO - - -

Bploring ¢ R i; R R R LOR R RI R

d - - v - - RO ILO,R R R R

. C - - Z - - - C - R -
Systemizing d - - g nodT I*** - C - R nodT
Practice d - - = 1nodT nodT nodT nodT no dT no dT nodT

343434

Column “Arg.” indicates if a dT was mentioned in connection with a cognitive (c) or didactic (d)
argument. Participant 3 was excluded for disagreement with the notion of teaching phases in the
decision as queried in RQ1. * Mentioned Google search and digital camera. ** dT was cited because
of a recognition of the merits of the participant’s personal usage *** Mentioned the web app
“number-line” in context of self-directed learning. **** stated to not use dT because of no experience
using dT in this phase

There are indications of multiple patterns in the table. For one, one Pre-T-2 named
only technologies in the Representation group (and here also only GeoGebra) but was able
to argue for their use in the Exploring phase such as Pre-T-8/10 and In-T-x. However, in
the latter group there is one participant who did not only provide the most comprehensive
list of technologies but also was able to identify and argue for the use of dT regarding the
Independent and Organizing group in this phase. An indication of another pattern is that in
the group of In-T-x, participants provided didactic and cognitive arguments for the use of
dT, unlike the Pre-T-x who provided either didactic or cognitive arguments. We further
discuss these patterns in particular for the Exploring and Practice phase in Sections 5.2.1
and 5.2.2.

5.2. Discussion of the Findings Regarding RQ 1— Teaching-Phase Perspective

In regard to RQ1 “How do pre- and in-service teachers reason for or against the use
of dT in different teaching phases?”, we first analyzed the responses for the Exploring
phase, in which all the participants elected to use dT, and then at the Practice phase in
which none of the participants elected to apply dT. Subsequently, we detailed the
argument of “not being aware” of any specific dT for a teaching phase; then, we extended
the analysis of the argument of “not being aware” to dT of the group Organizing beyond
the teaching phases.

5.2.1. To Use dT in the Exploring Phase

The coding of the participants’ responses shows that all the participants unanimously
decided on the use of dT in the Exploring phase. The arguments for the use of dT in this
phase are in line with the previously cited empirical and theoretical studies in Section 2.2,
namely [41,44,46] as well as [56,57]. The level of argumentation varied among participants,
as can be seen in Table 1. Whereas some participants provided elaborate explanations
citing didactic and cognitive reasons as well as the affordances of teacher efficiency, others
provided either only a didactic or cognitive rationale in their explanation for this phase.
Additionally of note is the coherence in the arguments by the participant groups—pre-
service teachers and in-service teachers in this phase. The participant providing an
argument for using dT because of a recognition of its value from prior use as part of a
university course by a pre-service teacher at the beginning of his study is a reasonable
response, given his second semester-level of education. The argument is also supported
by studies on dT acceptance in teaching, citing the performance expectations of dT as one
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of the factors in the adoption of the technology in teaching practice [49,50]. As elucidated
in Section 2.3, these studies approach the decision of the use or non-use of dT from the
perspective of dT adoption with the assumption that the decision is a free choice, which
is not always the case [13] (p. 1207). In our study, we focus—regardless of the free choice
of dT—on the decision to use or not use a dT in a particular teaching situation. We agree
with Tatnall [13] that not all decisions on whether to use dT in a teaching phase are a free
choice, as some use of dT is mandated by the curriculum, but regardless of whether it is a
free choice, the performance expectations of dT can be equated to the arguments in the
decision process as summarized in Figure 2. Hence, the decision process of the use of dT
in a particular teaching situation is indeed valuable even if the particular dT is not a free
choice. Going through the decision process and arguing for the use of dT in a particular
teaching phase will potentially enable (especially pre-service) teachers who have less
teaching experience to more reflectively understand how to use dT. This aim was not only
articulated by Kaspar et al. [58] but also in the competency framework cited in Section 1:
“To identify, assess and select digital resources for teaching and learning. To consider the
specific learning objective, context, pedagogical approach, and learner group, when
selecting digital resources and planning their use.” [11] (p. 20).

To summarize, the participants unanimously agreed on the use of dT in the Exploring
phase, but the level of argumentation varies. Regardless of whether the use of dT is a free
choice, the decision process and argumentation for the use or non-use of dT potentially
enables a reflective use of dT and the development of skills relating to “Selecting digital
technology” [11].

5.2.2. To Not Use dT in the Practice Phase

In the Practice phase, none of the participants argued in favor of the use of dT. One
of the reasons was not having experience applying dT in this phase, an aspect closely
related to not knowing any specific dT for a phase, which we further detail in Section 5.2.3.
Another reason for not using dT in this phase was data privacy [2,21,59]. To keep
permanent records of their worksheets and practice materials, learners need to have access
to tablets and laptops at home and school and would potentially have to register with the
dT of the group Independent. Unless these technologies comply with local privacy rules
and do not collect learners’ data for commercial reasons, they are not applicable for
education settings.

It is peculiar that the value of dT in the group Independent is seen in the Connecting
phase, but the same benefit is not seen or not articulated in the Practice phase, in particular
concerning the opportunities of using dT for self-directed learning [14] (p. 17) or
assessment [14] (pp. 11-20), [12] (p. 34), [60], and [61] (p. 844). A possible explanation is
that the use of dT for assessments is not widespread and not necessarily the main didactic
objective of the phase. The other reason for not exploiting dT in this phase is that the
participants saw the value of practicing constructions using paper and pen in geometry
and performing operations without the support of dT in arithmetic in the context of the
learning groups addressed.

To recapitulate, in relation to the nearly complete lack of dT experience in this phase,
the argument for not exploiting dT in this phase comprised limitations in the available
digital infrastructure, resulting in privacy concerns and the value of practicing
mathematical constructions and operations without the support of dT.

5.2.3. To Not Use dT Because of Not Knowing of Any Applicable dT

For the Connecting and the Systemizing phase, one pre- and one in-service teacher
stated that they did not know any dT applicable to the phases or could not contextualize
their familiar dT with the didactic aim of the phases and therefore elected not to use dT.
This variance of knowledge or awareness of dT is also seen in the overall coding of dT by
the teaching phases in Table 1. However, to assess whether to use dT in a teaching
situation or for administrative duties, an awareness of the available technology is
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required. If one is not aware of or does not know how to use a particular technology, any
argumentation relating to its use in a particular teaching situation is either very generic or
potentially biased towards one’s personal orientation towards dT. As outlined in Section
1.1 one does not necessarily need to know to which particular group a dT belongs to in
the taxonomy [1], but pre- and in-service teachers should be aware of and know to a
certain extent the currently available dT within each group. The more one knows about a
particular dT, the more one knows about the affordances dT provides in a teaching phase.
The fact that pre-service teachers, especially at the beginning of their development
process, only know about dTs from the Representation group is not too surprising. They
might have had exposure to dT from their own time as students and thus have first-hand
experience with dT such as DGS, calculators, and spreadsheets. Depending on the usage,
they may or may not have experienced them or other tools in the context of the
Collaboration or Independent dT groups. Even if they had exposure, they may not attribute
their use to the didactic intention of the Independent or Collaboration categories in a
particular teaching phase.

5.2.4. Awareness of dT in the Organizing Group

Similar to the teaching phases, the issue of not being aware of dT can be assumed for
the dT of Organizing—the creation of worksheets and the tracking of grades and other
administrative activities of an educator. Pre-service teachers have little to no exposure
from their own school experience to the administrative activities of educators [62]. As seen
when deciding on the use of dT in a teaching phase, being aware of dT or the use of dT
for that purpose requires an understanding of those education obligations, which unless
one has been exposed to or has had them explained in the pre-service teacher
development process, little knowledge should be expected. Especially the potential for
time-saving and automation by dT for teachers is cited in literature [23,24].

Therefore, less awareness of dT relating to the Organizing, Independent, and
Collaboration groups in pre-service teachers at the beginning of their studies compared to
in-service teachers with multiple years of teaching experience —as summarized in Table
1—is plausible but would require localized quantitative studies for confirmation. An
awareness of dT is required to enable a reflective decision to use or not use dT in a teaching
phase and an analogous relationship can be assumed to be true for the dT of the group
Organizing although we did not specifically inquire on that in this study.

5.3. Interview Coding Regarding RQ 2 — Learner Perspective

In the second part of the interviews, we inquired about how the learner’s age factored
into the decision process and at what age a learner should start using dT in education, and
how the learning content factored into the decision. First, we show some responses the
participants used concerning age and then content; responses of all ten participants were
included in the coding and the results.

5.3.1. Sample Responses in Regard to “Learner-age” and the Use of dT

We asked how learners” ages factor into whether they use dT when teaching. Again,
we show some responses that are now not necessarily in the context of particular learning
content or a particular dT. The responses were categorized as theoretical and practical
teaching criteria. The response of an in-service teacher for lower and upper secondary
education reads as follows:

[33:12] —In-T-10: “...In the fifth grade, I cannot assume that every student has a cell

phone. In tenth grade or the upper secondary level, it is more likely...”

A response such as that would be classified as a practical teaching-based criterion. A
different response to the question at what age a learner starts with dT in education,
without specifying which dT to start with, reads as follows.
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[15:04] —Pre-T-2: “...maybe the kids that are going into first and second grade now...
they will [complete the upper secondary education] in 12 years or 13 years... where do
we stand then [as a society in regard to the use of dT]? ...then it is much better to start
early and teach children from the beginning [with dT] instead to make a sudden switch
at some point...”

This response is more indicative of a personal orientation towards the use of dT and
was not classified. Yet another response states that the age of the learner at which to start
using dT is a ruling to be made when creating the education standards. This kind of ruling
is professed as the current generation deciding for the next and could be classified as a
theoretical as well as practical teaching criterion.

[28:25] —In-T-28: “...that is one thing [when to start teaching using dT] that you just
have to negotiate from generation to generation...”

This and the other responses can be summarized by criteria based on the availability
of the learners’ [own] devices, such as laptops and tablets on the one hand, and highlight
that the choice of when to start teaching with dT is a decision similar to any other decision
on education standards and must be agreed upon by the current generation for the future
generation. The former is a practical and the latter a practical and theorical teaching
criterion. The criterion indicative of a personal orientation towards the use of dT was not
included in the final list of criteria in Section 6.

5.3.2. Sample Responses in Regard to “Learner Content” and the Use of dT

We asked for any learning content participants would not consider the use of dT.
Again, we show some responses that are now not necessarily in the context of a particular
learning age or dT. The criteria were again classified by theoretical and practical teaching-
based criteria. Now, we demonstrate a potential response indicating that no learning
content would be excluded from teaching with dT. This and similar responses are on the
one hand an indication of a personal orientation and on the other hand a type of practical
teaching experience.

[31:17]—In-T-10: “...I find it more difficult to think about what content I would not
use [dT]. No, I cannot think of anything where I would say that I would not use dT, 1
would  rather say that you cannot work only with dI. So, for
example...[geometric]constructions I think, you can do [it] very nicely with GeoGebra,
but it’s also important to create drawings by hand...”

Here is a response that highlights that in the history of education standards choices
have been made to reduce the mathematical learning content independent of dT. The
ruling to use dT for particular learning content is no different from those rulings.

[27:10] —In-T-28: “...you must have those discussions...and things develop...that
decisions are made differently today than in 20 or 30 years... if you look, there are
creeping processes [in the development of education standards] that have existed for a
long time, which have not been influenced by the computer and the graphic calculator.
In the 70s, we still taught all the derivatives’ rules [at upper secondary level] ...”

Other responses regarding the learning content speak to the dynamic representation
of mathematical learning content and the different forms of representation of learning
content, the reduction of cognitive load, and motivation, which are identical to the
arguments used in Section 5.1; therefore, we do not provide sample responses here to
avoid repeating ourselves.

The responses can be summarized by a personal orientation of the participants
towards the affordances of dT for teaching any learning content, by citing the historical
development of education standards, and by theoretical responses speaking to the
affordances of the representation and cognitive load of dT. Similarly, as before, the criteria
based on personal orientation were discounted in the final list of criteria in Section 6.
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5.4. Discussion of the Findings Regarding RQ 2— Learner Perspective

In the interviews, we inquired about the participants’ criteria when determining the
use or non-use of dT; specifically, how the learner’s age and the learning content factor
into the decision. These criteria related to the decision are of particular interest because
dT needs to support the cognitive activities of learners appropriate for their age and
support the didactic aim of the learning content. In the following sections, we link the
provided criteria of our participants to theoretical and empirical evidence for validation.

5.4.1. Criterion: “Learner-Age”

For the criterion learner-age, none of the participants provided a fixed starting age as
to when to begin teaching with dT. However, they provided criteria concerning learner-
age with respect to the availability of a learner’s “owned” devices and the required
oversight needed when using dT.

The differences in opinion on when to start and to what extent to teach using dT can
be seen in various OECD documents. For one, the 2021 OECD report [63] (p. 344) shows
that countries start with dedicated ICT education at different grade levels; similar results
can be found in the OECD report on the use of dT for pre- and primary school education—
for learner-ages 3 to 8—during the COVID-19 pandemic [64]. Here, 79% of the
participating countries report the use of dT—in the form of distance learning and to
distribute learning content—to maintain continuity as appropriate “to a great extent” or
“moderate extent” for both pre- and primary levels of education [64] (pp. 24-25). These
reports do not detail the didactic or cognitive perspective of the use of dT but show that
there is no consensus regarding the learner-age at which to start incorporating dT in
teaching. Further, similar to our interview participants, these reports highlight that the
availability of digital resources is one of the major obstacle in the use of dT [64] (p. 38) [65]
(p. 11). The study by Weinhandl et al. [66] (p. 8) highlights the availablity of a student’s
own devices at school and at home as one of the major obstacle percieved by educators.
Studies analyzing the use of dT at the primary school level [31,67] or preschoolers’ level
[68-70] show the affordances of dT even at these early school levels, in addition to how
teaching settings or tasks need to be designed for learners at those ages. This further
substantiates that there is no defined leaner-age when one can start using dT in teaching
mathematics. It is more important that the learner-age is considered in the design of dT
and in the design of the tasks. For younger learners, educators need to provide more
guidance to ensure dT is used towards the learning goal, as outlined in the criteria list in
Section 6.

To recapitulate, the criterion of this study regarding learner-age, namely the
availability of dT—devices such as tablets and laptops—is supported by the OECD
reports. Other aspects in the context of learner-age are the required learner oversight and
the design of the dT, which are also supported by other studies in literature.

5.4.2. Criterion: “Learner Content”

The participants in this study considered the use of dT for any learning content and
further delineated the affordances to what extent dT enables or supports dynamic and
different forms of representations and the ability to outsource repetitive activities, which
are not the focus of the didactic goal. The aspects of dynamic representation and different
forms of representation have been cited in Section 2.1 within the definition of the dT
taxonomies as one of the affordances dT provides [17,19,20]. Hohenwarter [71]
emphasizes multiple forms of representation —symbolic and iconic—as well as dynamic
representation using DGS in teaching mathematics. Hohenwarter states: “In this sense,
GeoGebra offers two different registers of representations with its graphics and algebra
views on the same abstract mathematical object. As a dynamic mathematics software,
GeoGebra provides the symbolic and iconic representations of mathematical objects in
two connected views side by side in order to support visualization and the principle of
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interaction of representations” [71] (p. 14). The same applies to CAS [42] (p. 192). Reducing
the cognitive load and the outsourcing of repetitive activities have been shown in several
studies [36,38,43]. These factors are also highlighted by McCulloch et al. [12]. The aspect
of increasing a learner’s motivation through dT is highlighted in the studies specifically
related to desmos [46], GeoGebra [44], graphic calculators [40], and various dT in [36,37].

The criteria provided by the participants regarding learning content—enabling or
supporting dynamic and different forms of representations, the ability to outsource
repetitive activities, and learner motivation—are validated by the affordances of dT
described in the literature.

5.5. Interview Coding Regarding RQ 3 — Educator Perspective

In addition to learner-age and learning content, we inquired in the second part of the
interviews how the affordances of dT for the educator factored into the decision process,
and the responses of all ten participants were included in the coding and the results. An
example for the criterion of data privacy was already cited in Section 5.1.4, which
elaborated on the responsibility of educators to ensure that data privacy and data
protection laws are adhered to. This is especially important for dT, which is not mandated
by the curriculum and not pre-screened by the school board or equivalent authorities. A
criterion addressing the potential time saved as well as the level of effort required to
generate teaching material using dT is provided below.

[40:47]—In-T-10: “...creating a good [Biparcours] is time-consuming, more time-
consuming than creating a paper-worksheet. Preparing GeoGebra [worksheets] can be
time-consuming, especially if you are not trained...it can also be very easy if you can
find something suitable online....”

Similarly, addressing the criterion of the level of effort and time investment required
for educators to learn and use dT is cited by a pre-service teacher based on experiences in
her practice semester.

[21:52] —Pre-T-8: “...I found that in my practice semester, there were very motivated
teachers, but at some point, they said their time is limited and they could not catch up
on [dT], and thus stuck with analog teaching....”

A criterion relating to the use of dT to produce higher quality teaching material and
for saving time in preparation through the reuse and delivery of the learning content in
class is cited by an in-service teacher.

[44:55] —In-T-10: “...Yes, I use PowerPoint a lot...because it reduces my [workload]
...if I make a proper PowerPoint [presentations], then I put a lot of work into it...when
I repeatedly teach upper-level courses...then I can often reuse it and save time in
[preparation and delivery] and it is fancier when it is visualized. I have also received
feedback from students that it looks more professional...”

The citation also includes positive feedback from the students on the quality of the
material. The previous in-service teacher also formulated the criterion of balancing the
level of effort for learning a dT and the added value provided in this next statement.

[24:26] —In-T-10: “...the broader criterion I need to ask [myself] is what kind of added
value does this tool bring to my teaching?... Depending on the extend of the added value,
if it is a small added value, I would need a tool that I do not have to invest a lot of time
with, one that is easy to use, and that does not require a lot of effort. When there is a
large added value, I would also be investing more time in becoming more familiar [with
the tool]”

To summarize from an educator’s perspective, firstly, one criterion comprises data
privacy and data protection, and secondly, another comprises the potential time saved in
preparation as well as the production of higher quality content using dT. The third
criterion in the decision is the level of effort required to use and teach with a dT effectively.
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5.6. Discussion of the Findings Regarding RQ 3 — Educator Perspective

Regarding the educator perspective, a participant provided data privacy [2] as one
of the factors he used when deciding on the use or non-use of dT. In particular, technology
from commercial providers often places a higher burden on the user either because of
financial costs, login and registration requirements, or the data collection by the provider.
This is a factor educators need to consider when selecting a dT intended to be used by
learners, and it has been cited in Section 2.3.

The factor of a teacher’s efficiency towards quickly creating and rapidly modifying
teaching artifacts using dT is similar to the argumentation in Section 5.2.1 and the
affordances of the technologies for learners —namely outsourcing repetitive activities and
using time for more high-level thinking tasks [38,42]. Using dT for assessments and
providing educators with summative views of the results and generating automated
learner feedback speaks to the time saved by dT [12]. These criteria can be mapped to the
dimension of “Performance Expectation” in the cited technology adoption model [13]. The
educator perspective —especially the aspect of teachers’ efficiency —in the decision to use
or not use dT was mentioned but not further formalized in the study by McCulloch et al.
[12] (pp. 34-35).

Next to the time saved, educators need to invest time when learning how to use new
dT themselves and they must factor that into their decision. The level of effort to learn a
new dT needs to be balanced with the didactic value in teaching or the efficiency gains for
the educator. This criterion aligns with the dimension of “Effort Expectancy” in the
technology adoption model [13].

6. Summary of the Findings

Next, we provide a cumulative summary of all the criteria, regardless of the group
that responded, organized by learner and educator perspectives. The criteria are
formulated either as continuum statements (younger to older learners, less to more) or
dichotomous yes/no statements. The criteria that are limited in their scope because of the
context they were provided in or the participating teaching group being either special-,
lower-, or higher education are marked accordingly.

Learner (age and abilities) perspective:

e  The younger the learners, the lower the cognitive demand of the technology can be,
which can be even less if the learner’s do not own personal devices. In addition, the
younger the learners, the more oversight is required to ensure that the dT is used
responsibly and in the intended didactic manner.

Motoric abilities (special education):

e No: Do not use technology, if it is likely that it gets damaged.
e Yes: If it enables the inclusion of learners (overcomes the impairments of the
learners).

Learning Content perspective:

e Yes: If the curriculum demands the use of a particular technology.

e  Yes: If the content can only be taught using a particular technology.

e Digital technology should enable or support dynamic and different forms of
representations and the ability to outsource repetitive activities that are not the focus
of the didactic goal. *

Educator perspective:

e  Technology by commercial providers often places a higher burden on the educator
either because of financial costs, login and registration requirements, or the data
collection by the provider.

e Teacher efficiency because of dT. The ability to quickly generate higher quality
teaching artifacts and the ability to quickly modify teaching artifacts using dT.
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e  The level of effort an educator needs to invest to use or learn a dT, especially if it is a
dT that is not mandated by the curriculum.

The criteria denoted with an asterisk and speaking to the aspect of cognitive load and
different forms of representation are theory-based, whereas the others are teaching
practice-based criteria. From the list, it becomes apparent that the participants used no
hard rules as to what learner-age to start at for using dT. The statement in regard to the
availability of learners’ own devices is supported by the literature [72,73], but can only be
seen as generic guidance and needs to be verified for each individual teaching situation
and levels of access to the internet, which is a requirement for using some dT and depends
to a great degree on the local circumstances [74] (p. 5), [75] (p. 36). The same holds true for
the required oversight of learners when using dT. It should also be noted that some of the
participants stated that they weigh their decision and selection of technology under
different criteria and are making tradeoffs when deciding.

To summarize, the criteria defined in this section apply to the decision of whether to
use dT in a teaching phase, but also for evaluating dT not previously used by an educator.
The evaluation of dT closely aligns with the technology adoption model defined in the
context of education [13]. The description of the criteria list in this section expresses the
dimensions of the “Performance Expectation” and “Effort Expectations” one has when
adopting a new dT [13]. The criterion speaking to the risk of damaging dT could be
interpreted as what is labeled as an extension of the adoption model as a “perceived risk”
or the risk using of dT [51]. The latter dimension is not as pronounced in the responses of
the participants as the other dimensions, possibly because of the positive orientation of
some of the participants towards dT, as seen in Section 5.3.2. Similar findings are seen in
the study of Thurm and Barzel [76] (p. 57) concluding that in-service mathematics teachers
assess the risks of teaching with dT with a lesser weight than beliefs about the potential
benefits of teaching with technology (e.g., the support of multiple representations, the
support of discovery learning)” which would support the findings in Section 5.3.2.

Secondly, the list of criteria in this section has been deduced from the participants’
responses and is supported by the findings in the literature as shown in Sections 5.5 and
5.6. Therefore, it can be seen as a theoretically—but not empirically quantitative—
validated list that could aid in the assessment of whether to use dT as well as when
developing the skill of “Selecting digital technology”.

In RQ1 we examined how pre- and in-service teachers argue for the use or non-use
of dT in each teaching phase [16]. Closely related but in contrast to RQ1, in RQ2 we
explored what criteria pre- and in-service teachers use regardless of the teaching phase in
their decision, specifically learner-age/content—learner perspective—and in RQ3—the
educator-perspective. Within our study, we did not inquire into the sequence concerning
whether one first evaluates a dT regarding a teaching phase and then in regard to the
criteria as listed in this section or vice versa. McCulloch et al. [12] (p. 30) suggest to first
decide if dT should be used in a lesson and then the type of dT and lastly other
considerations, which if translated to our study would suggest first assessing whether to
use dT in a particular teaching phase (RQ1) and then considering the criteria summarized
in this section (RQ2 and RQ3).

7. Conclusions

In the interview study, firstly, we were able to show how pre- and in-service teachers
decide on the use or non-use of dT and how they reason for their decisions, differentiated
by the four teaching phases. The choices vary by teaching phase, that is, in the Exploring
phase, all participants unanimously decided on the use of dT, whereas in the Practice
phase, all participants elected against the use of dT. In the Connecting and Systemizing
phases, some participants decided for and some against the use of dT. The arguments to
support the decisions to use or not use dT differ. This is especially the case for pre-service
teachers at the beginning of their university studies, who in this sample provided more
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generic arguments, whereas in-service teachers supported their decisions by didactic,
cognitive arguments. We cannot deduce from the results that the different level of
argumentation applies to all pre-service and in-service teachers as shown in Table 1, only
that different levels of argumentation exist. Quantitative studies in the population of
interest would be required for that assessment.

Secondly, not being aware of or not knowing of specific dT applicable for a teaching
phase inhibits the argumentation regardless of the teaching phase. Consequently, the
participants defaulted to not using dT. This aspect is particularly important for the
education of pre-service teachers and the development of the skill “Selecting digital
technology.” It is important that pre-service teachers become educated and exposed to dT
of all four groups in the taxonomy [1]. To what extent they get trained on each particular
technology needs to be balanced with the other developmental needs. We specifically
inquired about the use or non-use of dT in the four teaching phases but dT can also aid
educators in their administrative duties [23,24]. Here, it can also be hypothesized that
because of the lack of knowledge of applicable dT for these duties, namely dTs of the
group Organizing in the taxonomy [1], educators default to not using dT. Further
quantitative studies are required to validate this claim.

Thirdly, the gathered list of criteria in Section 6 based on the responses of the
participants combines theory and teaching practice. The criteria are validated by empirical
and theoretical papers. We expand on the study by McCulloch et al. [12] by formalizing
the “Educator Perspective” in the decision of using dT, especially the property of
educators’ efficiency. The list of criteria in Section 6 applies to the decision to use or not
use dT in a teaching phase but can also be used when evaluating a new and previously
unused dT. For the latter, the criteria, to some extent, express the dimensions of the
technology adoption model for education termed by Tatnall [13].

This study is limited to pre-service teachers at one university and in-service teachers
of one region in Germany, all in the context of teaching mathematics. Another limitation
is the fact that in our study, we deliberately avoided focusing on a particular learning
content, learner-age, or dT, and rather tried to understand how these factors influence the
decision process. Therefore, our findings are intentionally broad and are applicable as a
framework to evaluate the use or non-use of dT in the vast variety of different possible
teaching situations. The list of decision criteria in Section 6 make them possibly especially
valuable for pre-service teachers or anyone with less practical teaching experience, as it
includes the responses of in-service teachers with practical teaching experience with dT
and who teach on the subject of dT. To evaluate the effectiveness of the list of decision
criteria studies with an objective assessment instrument would be required.

The learning content and the use of dT in education standards have changed over
time and it can be assumed that with the availability of newer dT, the education standards
will evolve further. An example of this tendency is the endorsement of using dT at the
primary school level in Germany, which started in 2021 but did not suggest any specific
dT [77] (pp- 91-93). Educators need to continuously reevaluate overtime when and in what
teaching settings to use a given dT. In addition, regardless of whether the decision to use
a particular dT comes from a teacher or from the requirements of the curriculum [13], the
decision to use or not use a dT for a particular teaching situation is always the teacher’s
free decision. Consequently, there will always be a need to train pre- and in-service
teachers in the skill of “Selecting digital technology.” We suggest that the combination of
the teaching phase model [16] and the dT taxonomy [1] provide an effective framework
for developing the skill and can potentially result in a more reflective use of dT by pre-
service and in-service teachers. However, quantitative studies would be required to
substantiate these claims.
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