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Mathematics teachers’ motivational and emotional orientations regarding digital tools in
mathematics classrooms are key aspects inﬂuencing whether and how technology is used
to teach mathematics—making the support of those characteristics one central goal for
teacher education. In this article we investigated if and how a workshop-based in-service
teacher training can foster teachers’ perceived value of digital media in mathematics
education, their self-efﬁcacy, and their anxiety towards teaching mathematics with digital
tools. In an intervention study with N  83 in-service teachers with varying teaching
experience, we used cluster analysis based on their experience, value, self-efﬁcacy, and
anxiety before the intervention to determine three different teacher orientations regarding
teaching mathematics with digital tools. Paired sample t-tests with pretest and posttest
data revealed that for two of three clusters these beliefs, motivation, and emotions
changed in a positive way during the intervention while for the third no change was
found. Our study sheds light on the role of motivational and emotional orientations for the
implementation of digital tools in mathematics education: it shows that these orientations
can be utilized to cluster teachers on this topic and illustrates that these orientations can be
successfully fostered—while individual differences may exist in the effect and success of
interventions.
Keywords: media in education, teacher education, teacher professional competence, value, self-efﬁcacy, anxiety,
fractions

INTRODUCTION
The implementation of digital tools is one of the key challenges in education today (Hooft Graaﬂand,
2018; OECD, 2018). The rapid development of possibilities, challenges and demands for
instructional practice provided by digital tools requires teachers of all ages to develop new facets
of professional competence. To help teachers adapt to these new challenges, teacher training is
required not only during teacher education programs, but also for in-service teachers.
Apart from cognitive aspects such as knowledge of how to integrate and use digital tools in
classroom practice, professional teaching competence is assumed to include a range of beliefs,
motivation, and emotions (Baumert and Kunter, 2013)—which play an important role in how
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3) Emotions describe “episodes that are evoked by a variety of
stimuli . . . [which the] individuals do not need to be
consciously aware of” (Shuman and Scherer, 2014, p. 15),
e.g., enjoyment, interest, and anxiety (Frenzel, 2014). In this
study, we focus on teachers’ anxiety towards teaching
mathematics with digital tools.

students can beneﬁt from learning scenarios in the classroom
(Kagan, 1992; Pajares, 1992; Borg, 2001). Such motivational and
emotional orientations are of speciﬁc importance for teaching
with digital tools, because new technological advances are often
met with skepticism or reservations. Fostering a positive and
realistic view about digital tools and teachers’ abilities can
therefore be considered a goal of teacher education in itself.
Despite there being some research on teachers’ motivational and
emotional orientations regarding digital tools in mathematics
education, a still not fully answered question is how these
variables can successfully be fostered through teacher training
programs, or which teachers will beneﬁt the most from these
trainings.
In this study we present a teacher training program in
which we focused on if and how fostering beliefs, motivation,
and emotions of in-service mathematics teachers is possible.
Speciﬁcally, we addressed the perceived value of digital tools
in mathematics education and teachers’ self-efﬁcacy and
anxiety towards teaching with digital tools. Based on
standardized self-reports and cluster analysis, we
distinguish between three teacher orientations on teaching
mathematics with digital tools. We then discuss how our inservice teacher program on the implementation of digital tools
in mathematics education inﬂuenced teachers’ beliefs,
motivation, and emotions differently—depending on these
teacher orientations—providing implications for how teacher
training can help fostering non-cognitive aspects of
professional teaching competence.

Value of Digital Tools in Mathematics Classrooms
With the concept of teachers’ individual perceived value of digital
tools for the teaching and learning of mathematics, we summarize
one central motivational aspect concerning the integration of
technology into their teaching practice. This concept has been
investigated in several different studies under a variety of different
names—resulting in broad consent that teachers evaluate the
value of digital tools very differently: general operationalizations
of attitudes towards technology integration into instruction (Teo,
2011; Ifenthaler and Schweinbenz, 2013) or technology (Klinger
et al., 2018) and teaching in general (Kim et al., 2013); more
speciﬁc notions of expected possible beneﬁts for students
performance (Ifenthaler and Schweinbenz, 2013; Bretscher,
2014) or subjective norms regarding technology in education
(Teo, 2011; Koc, 2013); as well as very speciﬁc operationalizations
of beliefs about possible advantages regarding the support of
multiple representations (Pierce et al., 2009; Klinger et al., 2018;
Thurm and Barzel, 2020) or possible disadvantages regarding
time consumption (Bretscher, 2014; Klinger et al., 2018).
Although these notions vary in their speciﬁcity, we combine
them as motivation regarding the value of digital tools.
One reason why this aspect of teacher motivation is of speciﬁc
interest in mathematics teacher education is that it is strongly
intertwined with teachers’ integration of technology into their
classroom practice (Hermans et al., 2008; Ottenbreit-Leftwich
et al., 2010; Teo, 2011; Kim et al., 2013; Koc, 2013; Najdabbasi and
Pedaste, 2014; Thomas and Palmer, 2014; Thurm, 2018; Thurm
and Barzel, 2020). Studies showed that teachers’ perceived value
of digital tools in education inﬂuence their intention to use
technology in their classrooms (Ottenbreit-Leftwich et al.,
2010; Teo, 2011). Moreover, Kim et al. (2013) could show in
their qualitative study that not only teachers’ perceived value of
digital tools, but also their epistemological beliefs about the
nature of knowledge and learning, their conceptions regarding
effective ways of teaching, and the actual integration of
technology into their classrooms were positively correlated
with one another. However, using a complex instrument to
differentiate between several dimensions of teachers’ perceived
value of digital tools for mathematics instruction (Klinger et al.,
2018), latent proﬁle analysis could show that there exists a nonnegligible group of teachers for whom this strong relationship
between their perceived value and their intentions for classroom
practice does not hold: Thurm (2018) identiﬁed two groups of
teachers who show a non-conform relationship: high value and
low integration of technology; as well as low value and high
integration of technology. This possible gap between teachers’
motivation and their practice is a well-known issue in research on
technology integration which could be shown both on a
qualitative level (Chen, 2008) as well as on a quantitative level

Mathematics Teachers Motivational and
Emotional Orientations Regarding Digital
Tools
Even though it is generally accepted that teachers’ classroom practice
is inﬂuenced by non-cognitive characteristics, there is no general
consensus on a deﬁnition of how such non-cognitive characteristics
should be operationalized (McLeod, 1989; Kagan, 1992; Pajares,
1992; Borg, 2001; Hannula et al., 2016). In this article, we follow the
three-dimensional structure of motivational and emotional
orientations, proposed by Hannula et al. (2016), which are
commonly agreed upon in the ﬁeld of mathematics education:
1) Motivation describes “the reason we engage in any pursuit,
mathematical or otherwise” (Hannula et al., 2016, p. 18).
Factors that can be identiﬁed inﬂuencing motivation are, e.g.,
engagement or self-regulation. In this study, we refer to
teachers’ perceived value of digital tools in mathematics
classrooms as an aspect of their motivation to pursue in
using digital tools to teach mathematics.
2) Beliefs can be summarized as “proposition[s] which may be
consciously or unconsciously held, [are] evaluative in that
[they are] accepted as true by the individual, and [are]
therefore imbued with emotive commitment; further, [they]
serve[] as a guide to thought and behavior” (Borg, 2001,
p. 186). In the present study, we focus on teachers’ selfefﬁcacy towards teaching mathematics with digital tools, as
one central belief.
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(Bretscher, 2014), and is also discussed in research on
mathematics teachers’ motivation in general (Cross Francis,
2015; see also Hannula et al., 2016). This issue opens up a
research gap, namely the question of additional predictors for
technology integration, i.e., teachers’ age and their teaching
experience (Dewey et al., 2009), as well as additional
dimensions of teaching-related affect—two of them addressed
in the present article: self-efﬁcacy and anxiety.
In addition, teachers’ beliefs regarding the value of digital tools
in educational contexts do not only predict the integration of
technology into their classrooms, but also inﬂuence the way they
tend to use technology during instruction (Hermans et al., 2008;
Drijvers et al., 2010; Bretscher, 2014). In a large quantitative
study, Hermans et al. (2008) could show that more constructivist
beliefs had a positive effect on computer-use, while more
traditional beliefs regarding good educational practice had a
negative effect. Moreover, linking insights gathered from
videotaped lessons and teacher interviews, Drijvers et al.
(2010) could observe different types of orchestrations in
technology enriched mathematics classrooms. These types
were found to be related to the teachers’ expressed—often
traditional—beliefs and therefore led to “an evolution of
teaching techniques rather than a revolution” (p. 230). In line
with this observation, it is suggested that even if teachers choose
to teach mathematics with digital tools, the speciﬁc type of
technology they select is related to their beliefs about teaching
mathematics and their perceived value of technology, with more
constructivist teaching approaches leading to a more frequent
technology use—and interactive whiteboards supporting rather
traditional classroom practice (Bretscher, 2014).
Regarding the ﬁndings presented in this section, it seems
reasonable that altering teachers’ most prominent—yet mostly
diverse—perceived value of digital tools in mathematics
education should be one goal for teacher education (Ertmer,
2005; Ertmer et al., 2006; Cheon et al., 2010; Ertmer and
Ottenbreit-Leftwich, 2010). Yet, it is still a rather open
question if teachers with varying values take part in teacher
training programs—and whether they are inﬂuenced
differently when attending teacher training programs.

using technology to facilitate the learning of mathematical
concepts (Ertmer and Ottenbreit-Leftwich, 2010; Thurm and
Barzel, 2020). Regarding this, teachers’ self-efﬁcacy in
achieving speciﬁc learning goals while utilizing digital tools
was found to be a strong predictor for their individual
technology use (Piper, 2003; Wozney et al., 2006; Perkmen
et al., 2016).
Thus, altering teachers’ self-efﬁcacy in a positive way should be
one goal when developing in-service teacher training on digital
tools in mathematics classrooms (Ertmer and OttenbreitLeftwich, 2010; Liljedahl, 2011; see also Hannula et al., 2016).
Up to now, it is not very clear whether this goal can be achieved by
short-term in-service teacher trainings.

Self-Efﬁcacy Regarding Teaching With Digital Tools
Within the concept of beliefs, the perceived self-efﬁcacy plays an
important role in mathematics education research (Hannula
et al., 2016). We use (Bandura’s 1997) general deﬁnition to
specify teachers’ self-efﬁcacy regarding the teaching with
digital tools as their “beliefs in [their] capabilities to organize
and execute the course of action required to produce” (p. 3)
adequate learning scenarios using technology enriched classroom
practice.
Self-efﬁcacy regarding teaching with digital tools is proposed
to be one key variable for technology integration (Ertmer and
Ottenbreit-Leftwich, 2010), yet, up to our knowledge it is
explicitly addressed in only a few recent studies. It is
reasonable—and in line with ﬁndings from research on
teachers’ motivational and emotional orientations and their
classroom practice in general (Hannula et al., 2016)—that
teachers should have conﬁdence in their professional skills

As argued above, teachers’ motivational and emotional
orientation regarding teaching mathematics with digital tools
is an important facet inﬂuencing their individual classroom
practice. With regards to professional teacher development,
this seems of speciﬁc interest when focusing on in-service
teachers, as they most commonly have persistent beliefs,
emotions, and motivation about how to teach mathematics in
general (Hannula et al., 2016)—arising from personal experiences
within the classroom (Richardson, 1996). Consequently, fostering
teachers’ positive beliefs, emotions, and motivation about
mathematics teaching and learning with digital tools can be
seen as—on the one hand—a central goal for teacher
education and in-service teacher training (Grootenboer, 2008;
Liljedahl, 2011), and—on the other hand—a demanding and hard
to achieve task, especially when focusing on more experienced
teachers with persistent beliefs, emotions, and motivation
(Liljedahl, 2011; Lehtinen et al., 2014).

Frontiers in Education | www.frontiersin.org

Anxiety Towards Teaching With Digital Tools
Although student anxiety is one of the most studied emotions in
the educational context, there is no broad research interest in
teachers’ anxiety (Frenzel, 2014). We use the more general
deﬁnition of anxiety in educational research by Zeidner (2014)
and specify the concept of teachers’ perceived anxiety towards
teaching with digital tools as “a loosely coupled ensemble of
cognitive, affective, somatic arousal, and behavioral components,
evoked in response to mental representations” (p. 266) of
teaching mathematics with digital tools.
Although there is—up to our knowledge—no previous
research on the effects of teachers’ anxiety on the
implementation of digital tools, it seems plausible that high
anxiety towards teaching with digital tools can lead to
avoidance and therefore can affect the intention to use
technology in mathematics classrooms negatively. Moreover,
avoiding anxiety towards the use of digital tools can arguably
be considered a goal of teacher development in itself. Therefore,
in-service teacher training on digital tools should address possible
negative emotions explicitly and support teachers in overcoming
anxiety.

Altering Teachers’ Motivation, Beliefs, and
Emotions Regarding Teaching
Mathematics With Digital Tools
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We suggest that one viable way to achieve this goal in
professional development with in-service teachers are contentrelated teacher training courses on the use of digital tools in
mathematics education, allowing for a holistic support of teachers
regarding 1) how to use digital tools during mathematics lessons,
2) why this could be beneﬁcial for students, and 3) the individual
perceived conﬁdence regarding professional teaching. Here, we
draw on the review on explicit activities that can change teachers’
motivational and emotional orientations towards teaching with
digital tools conducted by Ertmer and Ottenbreit-Leftwich
(2010), pp. 261–262 and go into detail on promising practices.
At ﬁrst, teachers’ beliefs towards teaching mathematics with
digital tools could be inﬂuenced positively when they are
provided with suitable models or psychological theories
regarding why and how technology can support learning
activities (Ertmer, 2005), as this can contrast their own
negative beliefs and lead to dissatisfaction with their existing
conceptions of the value of digital tools. This can encompass
various ﬁndings from research on educational and instructional
psychology: Implications from Cognitive Load Theory (CLT; see
Sweller et al., 2011) on how to reduce extraneous load in
interactive learning tasks (e.g., the modality effect, see Low
and Sweller, 2014; or the effect of adaptive feedback, see
Moreno, 2004), seem applicable. In addition, implications
from Cognitive Theory of Multimedia Learning (CTML; see
Mayer, 2014) on how pictures and words should be integrated
in interactive multimedia learning environments to support
students’ cognitive processing (e.g., the multimedia principle,
see Butcher, 2014), can be utilized. Moreover, this can include
ideas of Embodied Cognition Theory (ECT; see Alibali and
Nathan, 2012), for instance regarding touchscreen devices and
the beneﬁcial use of congruent gestures for building up
conceptual knowledge of formal mathematical concepts (e.g.,
off-loading of cognitive work onto the interactive
environment, see Reinhold et al., 2020; see also Wilson, 2002),
which seem promising.
Secondly, teachers’ self-efﬁcacy could increase and their
anxiety could decrease when they can experiment with
educational technology (Somekh, 2008), and gather small
successful experiences when they use digital tools (OttenbreitLeftwich, 2007), or when they are guided through the
development of ﬁrst technology-enriched lessons (OttenbreitLeftwich, 2007). As one central foundation of beliefs, motivation,
and emotions towards teaching are personal experiences
(Richardson, 1996), positive experiences can lead to a change
in these orientations—as they may contrast negative conceptions.
Moreover, experimenting with digital tools in speciﬁc
mathematics-related situations successfully can alter teachers’
perceived value positively, as it can make the theoretical
implications mentioned above more intelligible. Here, handson activities within typical content-speciﬁc interactive learning
environments seem promising. For instance, one way to make the
potential of adaptive feedback within heterogenous learner
groups visible for skeptical teachers is to let them conduct
typical errors and experience individualized feedback within
an appropriately designed digital learning environment. It is
plausible that reﬂecting on such hands-on activities during
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teacher training can foster recently changed self-efﬁcacy and
anxiety.
Moreover, working together with more knowledgeable peers
(Ertmer et al., 2006) during in-service teacher training could
support teachers in changing their value regarding digital tools in
mathematics classrooms, and gain conﬁdence in their own skills
taught in the course. On the one hand, this can lead to more
successful ﬁrst personal experiences, which are of importance for
the development of teachers’ motivational and emotional
orientations (Richardson, 1996). On the other hand, new
conceptions can be made easier to grasp when they are not
only taught by an educator, but also transported by similarexperienced peers (Ertmer et al., 2006). Here, group activities
during hands-on practice seem to be a viable way to achieve this
goal, as teachers differ largely in their beliefs and emotions
towards digital tools and, therefore, heterogenous groups of
participants can be expected to attend teacher training. For
that, a workshop-like structure seems one appropriate way to
put this into practice. Regarding heterogenous groups of
participants, it is not yet answered if one and the same inservice teacher training can support motivational and
emotional orientations of different groups of teachers, e.g.,
teachers with high vs. low experience in teaching mathematics
with digital tools; or high vs. low self-efﬁcacy towards teaching
with digital tools.

The Present Study
For this article, we investigated if and how teacher training on
teaching mathematics with digital tools can have a positive effect
on teachers’ beliefs, motivation, and emotions towards the use of
digital tools in mathematics education. For that, we developed
and evaluated an in-service teacher training regarding the use of
digital tools in mathematics classrooms—on the topic of teaching
fractions in early secondary education. Our approach draws on
research on teachers’ motivational and emotional orientations
regarding teaching mathematics with digital tools and follows
best practices of activities that seem promising to change such
orientations, as reviewed by Ertmer and Ottenbreit-Leftwich
(2010). The present study followed a pre-post-design with an
intervention, and aimed at answering the following research
questions:
RQ1: Which groups of teachers attending an in-service teacher
training on teaching fractions with digital tools can be identiﬁed
regarding their teaching experience, as well as their perceived
value, self-efﬁcacy, and anxiety towards digital tools in
mathematics classrooms?
We will answer RQ1 using cluster analysis based on data of a
pretest before the intervention.
RQ2: How are teachers’ perceived value, self-efﬁcacy, and
anxiety regarding digital tools in mathematics education
altered during an appropriately designed in-service teacher
training on teaching fractions with digital tools? Do teachers
with different motivational and emotional orientations before the
intervention beneﬁt to the same extent?
RQ2 will be answered by investigating differences between a
pretest and a posttest in the three dimensions of motivational and
emotional orientations. Regarding the latter cited research on the
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As described in section Anxiety Towards Teaching With
Digital Tools, the assessment of perceived Anxiety towards
teaching with digital tools contained questions regarding an
ensemble of affective and emotional arousal in situations
regarding teaching with digital tools. It encompassed negative
emotional reactions when thinking about teaching with digital
tools (“I worry about teaching poorly with digital tools.”), as well
as negative feelings arising in speciﬁc teachings situations (“I get
very tense when I have to teach with digital media.”). The scale
consisted of ﬁve items and reached high scores for internal
consistency (Cronbach’s αpre  0.86 and αpost  0.82).

development of teachers’ motivational and emotional
orientations, we assumed that both perceived value and selfefﬁcacy should be increased by our intervention, while anxiety
should be reduced. Following the idea that teachers could differ in
their motivational and emotional orientations, we will analyze the
effect of the intervention for each cluster of teachers separately.

METHODS
Sample
A total of N  83 (35 female) in-service mathematics teachers
from Antioquia, Colombia, took part in the study. The teachers
were aged between 22 and 65 (M  40.2, SD  10.5) and had
between 1 and 40 years of teaching experience (M  12.5, SD 
9.6). They worked in public schools and developed mathematics
teaching programs in different grades.

Procedure
The teachers participated in a 4h teacher training
(i.e., intervention) on the use of digital tools in mathematics
classrooms conducted in small group workshop by the ﬁrst
author of this paper. The teacher training was designed along
the conceptual ideas proposed above: it was held as a workshop
using hands-on material on tablet PCs (i.e., iPads) and
interactive discussion parts, encompassing explicit practices
proposed by Ertmer and Ottenbreit-Leftwich (2010) to
positively alter teachers’ motivational and emotional
orientations towards teaching with digital tools. Three
major topics were covered during the workshop: 1) A
practical introduction to human cognitive architecture and
instructional design relevant for using digital devices, i.e., CLT,
CTML, ECT, adaptive task difﬁculty, and individual feedback
in digital learning environments; 2) More general—noncontent related—implications from a recent meta-analysis
for the beneﬁcial use of digital tools in STEM-classrooms
(Hillmayr et al., 2020); 3) An introduction to teaching basic
fraction concepts while using tablet PCs with touchscreens and
an appropriate learning environment—as a speciﬁc content.
For the hands-on activities during the workshop, material and
tasks from our project ALICE:fractions (see Hoch et al., 2018;
Reinhold et al., 2020) were used. Teachers were handed out a
32-pages printed booklet which held the content of the
workshop—available online in Spanish (Reinhold et al.,
2018)—and were provided with a 12.4” iPad for taking part
in the interactive tasks of the workshop.
The pretest was conducted before the intervention, the posttest
was conducted immediately after the intervention. All teachers
took part in the study on a voluntary basis and without
reimbursement. They were informed about the purpose of the
study and were asked for their informed consent. All participants
that took part in the workshop also took part in the study.

Instrument
Self-reports on teachers’ motivational and emotional
orientations regarding teaching mathematics with digital
tools were assessed before the intervention (pretest) and
after the intervention (posttest). The same instrument was
used for both tests. It consisted of three dimensions, using
four-point Likert scales (i.e., completely disagree, disagree,
agree, completely agree), which were based on valid and
reliable existing scales from the Programme for
International Student Assessment (PISA) student and
teacher survey (OECD, 2013; see also Mang et al., 2018).
The items were adapted for the assessment of motivational
and emotional orientations regarding teaching with digital
tools in mathematics classrooms.
The assessment of perceived Value of digital tools in
mathematics classrooms combined different notions of beliefs
mentioned in section Value of Digital Tools in Mathematics
Classrooms. It encompassed general attitudes towards
technology integration into instruction (“It is important to me
to use educational software in the classroom.”), as well as speciﬁc
questions regarding the use of multiple representations (“Using
computer-based representations in mathematics lessons is
important for me.”). The scale consisted of six items and
reached high to excellent scores for internal consistency in
both the pretest and the posttest (Cronbach’s αpre  0.81 and
αpost  0.90).
The assessment of perceived Self-efﬁcacy regarding the
teaching with digital tools contained questions regarding
teachers’ beliefs in their capabilities to facilitate adequate
learning scenarios using technology enriched classroom
practice—as described in section Self-Efﬁcacy Regarding
Teaching With Digital Tools. It encompassed beliefs regarding
teaching (“When teaching with digital tools I even master the
most difﬁcult challenges.”), evaluation (“My teaching with digital
tools is evaluated positively.”), and one’s own continued learning
success (“I quickly acquire new knowledge about teaching with
digital tools.”). The scale consisted of ﬁve items and reached
acceptable scores for internal consistency (Cronbach’s αpre  0.75
and αpost  0.73).

Frontiers in Education | www.frontiersin.org

Data and Statistical Analyses
Data was processed and analyzed using R. Power analyses were
conducted with G*Power. To determine the Teacher orientations
on teaching mathematics with digital tools via cluster analysis
(RQ1), the following approach was used: At ﬁrst, an explorative
hierarchical clustering using Ward’s method was conducted,
utilizing standardized variables in the four dimensions
teaching experience, value, self-efﬁcacy, and anxiety, as
described above. Ward’s method allows for different stopping
rules to determine the appropriate number of clusters. We used
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TABLE 1 | Teachers consent with statements in generic items of the three scales value, self-efﬁcacy, and anxiety.
Scale

Value
Self-efﬁcacy
Anxiety

Item

Pretest

Using computer-based representations in mathematics lessons is important for me
When teaching with digital tools I even master the most difﬁcult challenges
I often worry that it will be difﬁcult for me to integrate digital tools into my lessons

Posttest

Consent (%)

M

SD

Consent (%)

M

SD

47.0
21.7
9.6

3.40
2.82
2.42

0.64
0.80
0.83

67.5
28.9
2.4

3.65
3.09
2.00

0.53
0.71
0.75

M  Mean; SD  Standard Deviation. Teachers giving consent with the statement, i.e., reporting “completely agree” or “agree”, given in percent.

TABLE 2 | Correlations between the four scales used for clustering, derived from
the pretest.

1.
2.
3.
4.

Teaching Experience
Relevance
Self-efﬁcacy
Anxiety

1

2

3

4

1.00
0.08
−0.18
0.06

—
1.00
0.29
−0.04

—
—
1.00
−0.63

—
—
—
1.00

Answers from all 83 teachers were considered. Statistically signiﬁcant correlations (p <
0.01) are printed bold.

the R package NbClust (Charrad et al., 2014), which applies 30
different state-of-the-art stopping rules and proposes the best
number of clusters in respect of the different results. In a second
step, we conducted k-means clustering with the same
standardized variables in these four dimensions, referring to
the appropriate number of clusters proposed in the ﬁrst
step—validating the results of the exploratory analysis gained
in step 1 by allowing for 25 iterations of the k-means algorithm.
Finally, the best partition of these 25 approaches was used as the
ﬁnal clustering scheme reported in this article. Only the pretest
data was used for clustering. The effects of the intervention on
teachers’ beliefs and emotions towards digital tools in
mathematics classrooms (RQ2) were analyzed using paired
sample t-tests with pretest and posttest data for each teacher
orientation (i.e., the resulting clusters), respectively.

FIGURE 1 | Cluster centers of the three teacher orientations. Cluster
centers resulted from the cluster analysis of 83 teachers based on their
teaching experience in mathematics, their perceived value of digital tools in
mathematics classrooms, their self-efﬁcacy for teaching with digital
tools, and their perceived anxiety towards teaching with digital
tools—measured before the intervention.

The correlations between the four scales used for
clustering—derived from pretest data—are given in Table 2.
Only two correlations were signiﬁcant: There was a signiﬁcant
weak positive correlation between teachers’ perceived value and
their self-efﬁcacy before the intervention, r(81)  0.29, p < 0.01:
Higher value was linked to higher self-efﬁcacy. Furthermore,
there was a signiﬁcant moderate negative correlation between
their self-efﬁcacy and their perceived anxiety, r(81)  -0.63, p <
0.001: Higher self-efﬁcacy was related to lower anxiety.
Female and male teachers reported comparable initial scores
in all scales used for clustering: There was no signiﬁcant
difference in the teaching experience of female (M  13.1,
SD  10.3) and male (M  12.4, SD  9.8) teachers,
t(71.2)  0.31, p  0.75. The difference in the perceived value
of digital tools in mathematics classrooms—as reported before
the intervention—between female (M  3.52, SD  0.43) and male
(M  3.44, SD  0.40) teachers was also not signiﬁcant, t(71.1) 
0.87, p  0.39. Female teachers’ self-efﬁcacy towards teaching with
digital tools (M  2.97, SD  0.54) did also not differ signiﬁcantly
from their male colleagues’ (M  3.07, SD  0.51), t(70.5)  -0.79,
p  0.43. Lastly, the difference in perceived anxiety towards
teaching with digital tools between female (M  2.09, SD 
0.71) and male (M  1.89, SD  0.51) teachers was not
signiﬁcant, t(58.1)  1.43, p  0.16. Regarding these results, we

RESULTS
Descriptive Analysis
Teachers perceived the value of teaching mathematics with digital
tools rather high before the intervention. This can be illustrated
referring to one generic item of this scale: 94% of the teachers
stated that it is important for them to use computer-based forms
of representations in mathematics lessons (see Table 1).
Teachers’ self-efﬁcacy regarding teaching with digital tools was
placed in the upper thirds of the potential scale. A total of 63% of
the teachers stated that they would even master the most difﬁcult
challenges when teaching with digital tools (Table 1). Their
perceived anxiety towards teaching with digital tools was
placed in the lower thirds of the potential scale, however, two
teachers reported the highest measurable anxiety within the given
instrument. 45% of the teachers stated that they often worry that
it would be difﬁcult for them to integrate digital tools into their
lessons (Table 1).
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TABLE 3 | Teaching experience and pretest scores for the measures value, self-efﬁcacy and anxiety, for the three teacher orientations identiﬁed via clustering.
Range

Teaching Experiencea
Value
Self-efﬁcacy
Anxiety

Nervous experts
(n = 20)

Conﬁdent advocates
(n = 28)

Skeptical novices
(n = 35)

Potential

Actual

M

SD

M

SD

M

SD

—
1–4
1–4
1–4

1–40
2.5–4.0
1.8–4.0
1.0–4.0

25.70
3.57
2.71
2.30

7.38
0.43
0.43
0.66

10.71
3.70
3.54
1.42

7.39
0.34
0.34
0.40

6.94
3.25
2.80
2.24

5.40
0.34
0.36
0.37

n  Cluster size; M  Mean; SD  Standard Deviation.
a
Teaching experience is given in years.

consider female and male teachers in the sample as fairly
comparable in terms of all dimensions used for the cluster
analysis.

TABLE 4 | Pretest and posttest scores of the nervous experts for the three
measures value, self-efﬁcacy and anxiety, and t-test for difference in means.
Nervous Experts

Teacher orientations
We ﬁrst analyzed which different groups of teachers attending the
training program could be identiﬁed based on their beliefs,
motivation, and emotions regarding digital tools in teaching
mathematics (RQ1). Cluster analysis based on the four
dimensions teaching experience, value, self-efﬁcacy, and
anxiety—measured in the pretest—revealed three teacher
orientations (i.e., the clusters) towards teaching mathematics
with digital tools. We describe those teacher orientations with
regards to the total sample attending the in-service teacher
training. To illustrate the description, cluster centers for the
three teacher orientations are depicted in Figure 1.
Nervous experts (n  20, red dots) had the highest teaching
experience. They thought of digital tools as relevant for
mathematics education. They reported the lowest self-efﬁcacy
and showed the highest anxiety towards teaching with
digital tools.
Conﬁdent advocates (n  28, green triangles) had average
teaching experience. They thought of digital tools as most
relevant for mathematics instruction. They reported the
highest self-efﬁcacy and the lowest anxiety towards the use of
digital tools during classroom practice.
Skeptical novices (n  35, blue squares) had the lowest teaching
experience. They reported the lowest value in teaching
mathematics with digital tools, below the average self-efﬁcacy,
and above the average anxiety towards the use of digital tools in
teaching.
In addition to Figure 1, cluster centers (mean values and
standard deviations) of all three teacher orientations for all four
measures used for clustering are presented in Table 3.

Value
Self-efﬁcacy
Anxiety

Posttest

M

SD

M

SD

t

d

20
20
20

3.57
2.71
2.30

0.43
0.43
0.66

3.75
3.08
1.93

0.39
0.35
0.43

−2.02 ns
−3.56**
2.71*

—
0.80
0.61

n  Cluster size; M  Mean; SD  Standard Deviation; t  Paired t-test for difference in
means; d  Cohen’s d; ns  not signiﬁcant (p > 0.05).
*p < 05, **p < 01.

TABLE 5 | Pretest and posttest scores of the conﬁdent advocates for the three
measures value, self-efﬁcacy and anxiety, and t-test for difference in means.
Conﬁdent Advocates

Pretest
n

Value
Self-efﬁcacy
Anxiety

28
28
28

M
3.70
3.54
1.42

SD
0.34
0.34
0.40

Posttest
M
3.69
3.64
1.32

SD
0.47
0.40
0.39

t

d
ns

0.08
−1.25 ns
1.49 ns

—
—
—

n  Cluster size; M  Mean; SD  Standard Deviation; t  Paired t-test for difference in
means; d  Cohen’s d; ns  not signiﬁcant (p > 0.05).

hereafter show that this was partly true. In the following
sections paired sample t-tests are reported, comparing
teachers’ value, self-efﬁcacy, and anxiety before the
intervention (pretest) and immediately after the intervention
(posttest) for each teacher orientation, respectively. All
observed medium and large effects yield more than 80% power.

Effects on the Nervous Experts
For the nervous experts, means and standard deviations in both
pretest and posttest are reported in Table 4. Despite their reports
of value increased by 0.18 points, this difference was not
signiﬁcant, t(19)  -2.02, p  0.06. Their self-efﬁcacy increased
by 0.37 points between the pretest and the posttest, resulting in a
signiﬁcant, large effect, t(19)  −3.56, p < 0.01, d  0.80.
Furthermore, their anxiety decreased signiﬁcantly by 0.37
points between the two time points, t(19)  2.71, p < 0.05, d 
0.61. These results suggest that nervous experts’ conﬁdence
towards teaching with digital tools was improved during the
intervention while their perceived value for the use of digital tools
for mathematics education was not.

Effects of the Intervention
Furthermore, we were interested in how teachers’ initial
motivational and emotional orientations regarding teaching
with digital tools in mathematics classrooms changed during
the intervention (RQ2). We expected the intervention to have a
positive effect on the perceived value and self-efﬁcacy, and to
result in lower anxiety towards teaching with digital tools.
Teachers attending the in-service teacher training should
report higher value, higher self-efﬁcacy, and lower anxiety in
the posttest compared to the pretest. The results reported
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teacher orientations via cluster analysis on self-reported data,
assessed before the intervention (RQ1): nervous experts,
conﬁdent advocates, and skeptical novices. These three teacher
orientations can be considered in line with previous studies on
(mathematics) teachers’ beliefs, motivation, and emotions
towards the integration of technology into education (e.g.,
Thurm, 2018). However, it seems noteworthy that we did not
ﬁnd any impact of teachers’ gender on their beliefs and emotions,
which contributes to an ongoing debate based on diverse ﬁndings
in previous studies (e.g., Hermans et al., 2008; Koc, 2013).
Regarding RQ2, this study sheds light on the complex
interplay between teacher training and teachers’ motivational
and emotional orientations: The skeptical novices showed an
alteration of their beliefs, motivation, and emotions in line with
our hypotheses, as they showed a signiﬁcant increase in value and
self-efﬁcacy, as well as a signiﬁcant decrease in anxiety after the
intervention. In addition, nervous experts’ self-efﬁcacy was
increased, and their anxiety was decreased, while their
perceived value did not change. Yet, conﬁdent advocates
showed persistent beliefs and emotions that did not change
during the teacher training. These ﬁndings suggest that teacher
training regarding teaching mathematics with digital tools
conceptualized as workshops with a focus on concrete handson activities (as proposed in section Altering Teachers’
Motivation, Beliefs, and Emotions Regarding Teaching
Mathematics With Digital Tools) can yield a holistic support
for teachers. Conﬁdent advocates did not change their beliefs,
motivation, and emotions during the intervention, but it seems
noteworthy that teachers within this cluster already showed the
most promising orientations within the sample before the
intervention: moderate teaching experience, high value and
self-efﬁcacy, combined with low anxiety. Therefore, strong
effects on their motivational and emotional orientations
should not be expected within the context of an in-service
teacher training. Following Ertmer et al. (2006), we rather
suggest that their attendance in the course was of additional
beneﬁt for teachers from the other clusters, as those teachers were
able to work together with more knowledgeable peers. In
addition, it should be highlighted that conﬁdent advocates’
motivational and emotional orientations towards teaching
mathematics with digital tools did not worsen during the
intervention—but remained very positive.
As especially teachers with low teaching experience in
mathematics did beneﬁt from the intervention, we suggest that
such workshops should not only be used to design and develop
in-service teacher training, but could also be integrated into
student teacher education at university, covering essential
aspects of teaching and learning with digital tools with a focus
on the support of beliefs, motivation, and emotions. The
proposed approach seems particularly suitable for integrating
professional knowledge about how to use digital tools during
mathematics education into existing subject-matter oriented
curricula.
The results from this study suggest that hands-on practices
and content-related examples of appropriate and promising
use of technology could be speciﬁcally beneﬁcial for teachers
with rather unfavorable beliefs, motivation, and emotions

TABLE 6 | Pretest and posttest scores of the skeptical novices for the three
measures value, self-efﬁcacy and anxiety, and t-test for difference in means.
Skeptical Novices

Value
Self-efﬁcacy
Anxiety

Pretest

Posttest

n

M

SD

M

SD

t

d

35
35
35

3.25
2.80
2.24

0.34
0.36
0.37

3.36
3.00
2.10

0.41
0.35
0.32

−2.18*
−3.14**
2.95**

0.37
0.53
0.50

n  Cluster size; M  Mean; SD  Standard Deviation; t  Paired t-test for difference in
means; d  Cohen’s d.
*p < 05, **p < 01.

Effects on the Conﬁdent Advocates
For the conﬁdent advocates, means and standard deviations in
both pretest and posttest are reported in Table 5. The effect of the
measurement point was neither signiﬁcant for their reported
value, t(27)  0.08, p  0.94, self-efﬁcacy t(27)  −1.25, p  0.22,
nor anxiety, t(27)  1.49, p  0.15. These results suggest that
teachers with this teacher orientation did not alter their beliefs
and their emotions towards teaching with digital tools in
mathematics classrooms during the intervention.
Effects on the Skeptical Novices
For the skeptical novices, means and standard deviations in both
pretest and posttest are reported in Table 6. There was a
signiﬁcant—albeit small—effect of the measurement point on
the skeptical novices’ reported value, resulting in an increase of
0.11 points, t(34)  -2.18, p < 0.05, d  0.37. In addition, their selfefﬁcacy increased signiﬁcantly by 0.20 points, t(34)  −3.14, p <
0.01, d  0.53, and their anxiety decreased signiﬁcantly between
the two time points, t(34)  2.95, p < 0.01, d  0.50. Both effects
can be considered medium-sized. These results suggest that
skeptical novices’ conﬁdence towards the use of digital tools in
the classroom was improved and that their perceived value of
teaching mathematics with digital tools was enhanced during the
intervention, simultaneously.

DISCUSSION
In this article, we investigated if and how an in-service teacher
training—i.e., a workshop on teaching basic fraction concepts in
early secondary education with tablet PCs—can foster beliefs,
motivation, and emotions towards the use of digital tools in
mathematics education. In contrast to previous studies, we did
not focus solely on teachers’ perceived value of digital tools in
mathematics education but integrated their self-efﬁcacy and
anxiety towards teaching with digital tools.

Effects of the Intervention on Different
Teacher Orientations
With regards to teachers’ teaching experience, their perceived
value of digital tools in mathematics classrooms, their self-efﬁcacy
regarding teaching with digital tools, and their anxiety towards
teaching with digital tools, we were able to identify three different
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regarding teaching and learning mathematics with digital
tools. The intervention could be a suitable ﬁrst step,
helping those teachers to start overcoming rather
persistent beliefs. This promotes workshop-like structures
for in-service teacher training on digital tools.

of motivational and emotional orientations during the
intervention to be signiﬁcant for some teacher orientations,
future studies should address the question whether immediate
changes are persistent for some time after the intervention.
Furthermore, it should be asked whether teachers’ change of
beliefs, motivation, and emotions are related to changes in
their classroom practice and the integration of technology into
their mathematics lessons. Here, controlled longitudinal
studies with longer and more frequent interventions seem
appropriate.
One issue that should be mentioned is that we rely on a
description of the clusters according to the observed sample.
Therefore, it seems noteworthy to call attention to the
descriptive analysis of the data, given in section Descriptive
analysis. The perceived value of digital tools for mathematics
education was generally high for teachers within the sample
with teachers’ answers being placed exclusively in the upper
half of the potential scale, even before the intervention. This
can open up several starting points for further research, among
them the question whether voluntary in-service teacher
training on how to use digital tools in mathematics
classrooms is really embraced by a target group of teachers,
for whom they seem most necessary and promising as made
evident during the global Covid-19 pandemic and the situation
of a crisis-driven digitalization of most parts of the educational
systems worldwide. If not, it should be considered to make
those trainings a mandatory part of teacher education
programs during university education as proposed above to
reach out to a larger variety of student teachers, and to
counteract a possible selection of teachers due to voluntary
programs.
Regarding the design of our study, we only focused on
intervention effects on a level of teaching-related
motivational and emotional orientations but did not
comprise the cognitive dimension of teacher professional
knowledge. Here, the TPACK framework (Mishra and
Koehler, 2006; Koehler and Mishra, 2009) offers a feasible
guideline for integrating digital tools into teacher education
(Khan, 2014): it conceptualizes additional professional
knowledge necessary for teachers to appropriately integrate
digital tools into classroom scenarios as technological
pedagogical content knowledge (TPACK). The TPACK
framework draws on the conceptualization of teachers’
professional knowledge by Shulman (1986), which has
become of interest in research on mathematics teacher
education (Kunter et al., 2013). It offers a theoretical
perspective for further studies, which could look for
possible interrelations of effects on a cognitive and a noncognitive (motivational and emotional) level of teacher
characteristics. Although there is still a need for research
on teacher education and professional development courses,
the fruitfulness of in-service teacher training on digital tools
in classroom practice is supported by ﬁndings in a recent
meta-analysis which made the positive effect of teacher
training regarding technology in education on students’
outcome in technology-enriched STEM classrooms visible
(Hillmayr et al., 2020).

Application in Other Domains
Within our study we focused on digital tools in mathematics
education and investigated a rather speciﬁc sample of
mathematics teachers. Yet, technology integration is growing in
all subjects across STEM education, and we think of teachers’
motivational and emotional orientations—i.e., value, self-efﬁcacy,
and anxiety—to be likely to transfer to other STEM subjects.
Consequently, we believe that fostering beliefs, motivation, and
emotions towards digital tools in educational contexts is a task
for STEM teacher education in general.
Our guidelines for designing the intervention attempted to
address these variables. Here again, the general principles
behind it (i.e., intelligible presentation of theory and
evidence, content-related structure, hands-on activities, peer
work, experiencing immediate success; see section Altering
Teachers’ Motivation, Beliefs, and Emotions Regarding
Teaching Mathematics With Digital Tools) should be
transferable to other STEM subjects. Moreover, teachers’
motivational and emotional orientations are not only
important within the integration of technology into
classroom practice, but for teachers’ professional
competence in general. Here, we think that one important
conclusion that can be drawn from our study is that those
(non-cognitive) characteristics can be altered positively within
appropriately designed teacher training programs. This opens
up new possible goals for teacher training regarding the noncognitive dimension of professional teaching competence.

Limitations and Questions for Further
Research
We rely on a rather small sample of mathematics teachers.
Further clariﬁcation seems necessary whether the reported
clusters are speciﬁc for those teachers only, or if they reﬂect
general mindsets and orientations of teachers towards digital
tools in mathematics classrooms. Here, studies with larger
sample sizes seem to be an appropriate next step. However, it is
noteworthy that although the sample can be considered rather
small, it considered of a variety of in-service teachers with
different teaching experience—which seems of importance
since most studies regarding teaching mathematics with
digital tools that report larger samples utilize student
teachers, and not in-service teachers (who may already hold
rather persistent beliefs about teaching mathematics based on
their own experience). In addition, all conducted statistical
analyses could be performed with adequate statistical power
based on the present sample.
The reported intervention took 4 hours, which could be
seen as a rather short time to alter beliefs, motivation, and
emotions—well established on the basis of personal
experience. Even though we found the assumed alterations
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CONCLUSION
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