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Children's use of digital tools is mandated as a requirement in Norwegian kindergar-
tens but is also a source of public debate. To understand how preservice teachers
make sense of what could be conflicting influences of their work in kindergartens, we
analyse their descriptions of using mathematical digital apps with children. After an
initial analysis using the Artefact-Centric Activity Theory, the results were discussed
inrelationship to potential socio-political influences on the preservice teachers' views
about how digital technologies could or should contribute to providing mathemati-
callearning opportunities. The kindergarten preservice teachers situated apps as pro-
viding the mathematical content to children, with the teacher's role to make the app
understandable to the children. The kindergarten preservice teachers' view seemed
to be affected by the curriculum and the public debate about using digital technol-
ogy with young children. The results suggest a need for teacher educators to have
explicit discussions about the impact of socio-political influences of digital technol-
ogy with kindergarten preservice teachers.

In Norway, kindergartens, for children aged up to 6 years, are required
to engage children with mathematical ideas (Ministry of Education
and Research, 2017). In the curriculum, known as the Framework Plan,
kindergarten staff are given the responsibility to use different working
methods, so that children learn through play, experimentation, and eve-
ryday activities. One working method is digital practices, "digital prac-
tices in kindergarten shall encourage the children to play, be creative and
learn” (Ministry of Education and Research, 2017, p. 44). This is in align-
ment with Plowman (2020), who described digital tools in early child-
hood education and care (ECEC) as contributing to a new form of play,
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as they provide opportunities for children to discover, make choices, and
experience the impact of their decisions.

However, supporting children to engage in this kind of play may not
be straight forward. Play involves children making their own decisions
about what they want to do and how they want to do it and, thus, can
be teacher-supported but not teacher-controlled (see for example, Lange
et al., 2014). In play, children utilise their own initiative, often involv-
ing imagination and fantasy (Pramling Samuelsson & Bjorklund, 2023).
They also negotiate and follow rules associated with the activity (Hele-
nius et al., 2016), participating willingly and enthusiastically, by select-
ing objects, rules, and tools (van Oers, 2024). Digital play involves inter-
active and exploratory activities conducted through digital devices in
which children can make choices about what they do. It can support and
encourage children's mathematical thinking (Birklein & Steinweg, 2024),
but this is more likely to occur when supported by interactions with the
teacher (see for example, Lembrér & Meaney, 2016).

An OECD report on policies for young children's learning (Schleicher,
2019) recommended that educational institutions needed to evaluate their
curricula and teachers their teaching practices "to ensure that ICT was
used effectively to support learning and equip children with competen-
cies that are important for the future” (p. 56). The report suggested that
this could be achieved by linking what happens in educational institu-
tions to how children use digital tools outside of those institutions. This
could support reflecting on how digital tools can be incorporated into
mathematical experiences in more playful ways (Christiansen, 2022).
Although play is emphasised in the Framework Plan as important in kin-
dergartens (Ministry of Education and Research, 2017), when it comes to
digital play, few kindergarten teachers seem to utilise their play pedagogy
in their work with children (Christiansen, 2022).

To support children's digital play, changes may be required to teachers'
"pedagogical philosophy, professional learning processes, and confidence
levels” (Dietze & Kashin, 2013, p. 3). Palmér (2015) noted that children's
possibilities to learn with digital tools, "depend on the teachers' aware-
ness of why they use the manipulatives and on their ability to use them
effectively” (Palmér, 2015, p. 366). According to Palmér and Ebbelind
(2013), the balance between teacher guidance and children's self-explo-
ration is important for children's learning possibilities. Yet in Palmér's
(2015) research, Swedish preschool teachers were more or less absent
when children used digital apps suggesting that it would be unlikely that
teachers were using digital tools in the ways suggested by the Framework
Plan (Ministry of Education and Research, 2017).
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Reflecting on whether and if they need to change their practices,
kindergarten teachers are also likely to be influenced by wider societal
debates about young children's use of digital tools. For example, concerns
have been raised by some educators that digital tools could stifle children's
learning and creativity (Danby et al., 2018; Stephen & Plowman, 2014).
Time spent engaging with screens has also been highlighted as posing a
risk to opportunities for play or for children to learn through play (Dietze
& Kashin, 2013). Furthermore, Hu and Yelland (2017) found that when on
practicum early childhood preservice teachers tended to adjust how they
integrated digital tools, from what they had learnt in teacher education
to what was expected by the preschool and their mentor teacher. This
resulted in preservice teachers utilising more teacher-led rather than
child-initiated activities, suggesting that teacher education courses may
have limited influence on their practices. Therefore, a range of socio-
political influences could affect the views of kindergarten preservice
teachers (KPTs) on the use of digital tools in their work with mathematics
with young children.

In contrast, although "the role digital technology plays in children's
learning is largely unexplored” (Norén, 2018, p. 146), there are some indi-
cations that digital tools can have a positive effect. Dietze and Kashin
(2013) suggested that technology can be an enhancement to children's
play experience, rather than a substitute for active play. Digital tools
provide different forms of play which can promote effective learning
and development in ECE (Plowman, 2020). As well, earlier research with
computers suggests that they can develop social and language abilities
when KPTs made use of collaborative activities (Edwards, 2005). In math-
ematics education research, digital tools have been described as being
more manageable for young children than physically manipulating con-
crete materials, when combining representations (Palmér, 2015). This is
because digital technologies easily integrate visual presentations, anima-
tions and voice, which can support young children's learning. Children
also have more control by being able to move 'things' on the screen, using
their fingers, for example to make objects bigger or smaller, or by chang-
ing their colours. This kind of control is in alignment with children
engaging in digital play.

For KPTs, with limited experiences with play pedagogy to draw upon,
the integration of digital apps into their work with mathematics is likely
to require considerable support to develop appropriate knowledge and
skills. In a systematic literature review of research on how early childhood
teacher education prepares preservice teachers to use digital technologies,
Papavlasopoulou, et al. (2024) found that internationally there is little
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focus on digital integration in teacher education and that there is a need
for research that considers how this could be done more holistically.

In this article, we focus on digital apps as a digital technology fre-
quently used in kindergartens (Vee, et al., 2024). In particular, we are
interested in how practicum experiences might be affected by socio-
political debates. Vee and Meaney (2022) suggested that there was a need
for research which investigates the impact of KPTs' experiences with
children in kindergartens on the ways that they use digital apps in their
work with mathematics.

Socio-political influences

KPTs' views about mathematics and the learning potential of apps are
not individually developed, but rather are affected by influences both
from within and outside of the kindergarten environment and their
teacher education. These influences are socio-political in that they are
affected both by societal discussions and by political decision-making
through policies such as the Framework Plan (Ministry of Education and
Research, 2017). KPTs construct their choices about how to use digital
apps in their mathematical work with children from the socio-political
environment in which they live and work. For example, negative views
about using digital tools in ECEC (Stephen & Plowman, 2014; Danby et
al, 2018) could influence KPTs' understandings about what they should
do and how. According to Skovsmose and Borba (2004), critical math-
ematics education provides opportunities to identify the socio-political
issues that affect the mathematics provided to children, such as: their
backgrounds; the communication pattern in the classroom; the organi-
zation of project work in mathematics education; the reliability of math-
ematics in practice; the distribution of resources; access to computers;
and so on. To improve kindergarten teacher education in regard to inte-
grating digital tools, there is a similar need to identify the socio-political
influences on KPTs' use of digital apps in their mathematical work with
young children.

Socio-political influences can include views about mathematics
and how it should be learnt in kindergartens. For example, although
the Framework Plan (Ministry of Education and Research, 2017) situ-
ates mathematics, or "quantities, spaces and shapes” as it is described, as
having a value in young children's explorations, a shift towards valuing
what is needed for schools could result in a more teacher-led approach and
afocus on number understandings (Fosse et al., 2018). This is because the
readiness-for-school approach focuses on the cognitive goals, considered
necessary for success at school (Bennett, 2005), which can downgrade the

Nordic Studies in Mathematics Education, 30 (2), 24-43. 27



VEE AND MEANEY

importance of play. Activitiesin this tradition are more often teacher-led
and controlled (Christiansen & Meaney, 2020). In contrast, the traditional
approach underlying Norwegian kindergartens is described as the social
policy pedagogy tradition (Bennett, 2005). In this tradition:

staff are trained to work in open framework contexts, and struc-
tural conditions support an active learning approach. The guiding
national curriculum is flexible enough to allow staff to experiment
with different pedagogical approaches, and adapt programmes to
local conditions and demand. Again, Nordic guidelines are for-
mulated on a consultative basis, and receive the critical analysis
and consent of the major stakeholders before becoming statutory.
(Bennett, 2005, p.11).

Christiansen (2022) suggested that kindergarten teachers might
consider integrating digital apps, as a way to meet school expectations,
because "educational” apps seem to be more appealing to kindergartens
(see for example Lembrér 2021). These apps tend to present content in a
linear manner, thus reducing children's possibilities to engage creatively.
In contrast, other apps can provide alternative opportunities through
"thinking big”, by engaging children in exploration and innovation
(Dietze & Kahin, 2013). According to Nikiforidou (2017), "digital games
can promote learning when they are characterized by child-centred
interactions, set within environments that have a meaning and interest
for the children and are designed to match their abilities and desire to
play and explore” (p. 254). Such apps would be more in alignment with
the social policy pedagogy tradition (Bennett, 2005).

The shift to a more linear presentation of mathematics learning
opportunities through apps can also be connected to a narrowing of
views about what mathematics in kindergartens can include. Although
the mathematics in the Framework Plan (Ministry of Education and
Research, 2017) is based on Bishop's (1988) six mathematical activities —
counting, measuring, designing, locating, explaining and playing — many
kindergarten teachers value number understandings as the most impor-
tant (Fosse & Lossius, 2017). In a previous study of KPTs' evaluations of
apps for engaging children in mathematics, Vee (2023) also identified
that most KPTs focused on number. In a systematic literature review of
in-service and preservice teachers' work with mathematics in early child-
hood, Linder and Simpson (2018) highlighted that there was a limited
focus on research on other mathematical content areas than number,
suggesting that Norwegian kindergarten teachers are not alone in this
focus. It may be that societal valuing of number understandings could
influence KPTs' understandings about what kind of digital apps should
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be made available to children, which then reinforces the preference to
engage children with apps that present content in a linear progression
and so reduce opportunities for exploration and creativity.

To provide appropriate teacher education courses, there is a need to
understand what influences KPTs' choices for integrating digital apps
into mathematical interactions with children. Therefore, our research
question is: What socio-political influences potentially affect KPTs' eval-
uations of using digital apps to engage young children in mathematics?

To respond to this question, we analyse the assignments that KPTs
wrote about their experiences of integrating digital apps into their work
with mathematics during their practicum placement. In their compul-
sory assignments, the KPTs had to describe which apps they used, how
they used them with children, and why.

Theoretical background

Artifact-Centric Activity Theory (ACAT) (see figure 1), developed by
Ladel and Kortenkamp (2013), provides an appropriate way to consider
the different aspects that KPTs could pay attention to in their evalu-
ations. ACAT is based on Engestrom's (1987/2014) activity systems, in
which the artefact in the centre of interactions, mediating how the
subject the child makes sense of the object, the mathematical content.
ACAT provides insights into how the design of the app affects the media-
tion. By identifying how the KPTs describe the different nodes in the
ACAT model, it is possible to infer some of the socio-political influences
on their decision making.
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Figure 1. The ACAT framework from Ladel and Kortenkamp (2013, p. 2)

Nordic Studies in Mathematics Education, 30 (2), 24-43. 29



VEE AND MEANEY

In the top right triangle in figure 1, the focus is on the relationship
between: the artefact (the app); the rules which govern the kinds of
interactions that are possible; and the object, the mathematical content
(Ladel & Kortenkamp, 2013). The KPTs' descriptions of the apps provide
information about the role that they considered the app would have in
presenting mathematics to children. This provides insights into what
they considered to be appropriate mathematics and how the apps should/
would present it, such as in a linear manner or through exploration, and,
thus, the potential socio-political influences on those choices.

In the triangle on the left-hand side, the focus is on how the child
(subject) would make sense of (internalize) the mathematics that the
app makes available to them (externalize). The group indicates how an
individual child is expected to interact with an artefact, whether as an
individual or as part of a wider group. The relationship between a teacher
and child or between children can affect the child's interactions with
the artefact and what learning opportunities are made available to them
(Ladel & Kortenkamp, 2013). Socio-political influences can be inferred
from identifying how the KPTs considered children should interact with
each other and the teacher when using the apps.

Method

In this section, we describe the data collection and analysis and justify
their choice against the requirements of the research question.

Data collection

The data were 17 KPTs' compulsory assignments, written as part of a
compulsory course, "Language, text and mathematics”, from their first
year of teacher education. The KPTs were completing their teacher edu-
cation part time and often already had experience of working with chil-
dren in kindergartens. The assignments were analysed after the KPTs
had completed all formal requirements of the course. The KPTs were
aware that they were not obligated to provide their assignments and their
choice to do so would have no impact on their grades.

The assignments had a limit of 1500 words and were written individu-
ally and submitted a week after they had completed six weeks of practi-
cum. In the assignments, the KPTs had to describe their choice of one or
more apps, their plans for using them as well as how children engaged
with the apps, in one or more sessions in the kindergartens. The apps
could be uploaded to tablets by KPTs or they could use apps, already avail-
able in the kindergartens where they did their practicums. To support
the KPTs to make appropriate choices of apps to use with children when
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they were on practicum, the KPTs were provided with the ACAT evalu-
ation tool (https://prosjekt.hvl.no/latacme/ressurser/ressurser-app-eval-
uation-resources/). In this evaluation tool, the questions included: what
is mathematical object of the app? How do children interact with the
mathematical object, mediated by the app? How does the interaction
develop? Is the app suitable for teaching and learning the mathematical
object? How can the app be used in the group situation? )

The apps discussed by KPTs were: Tella, Tell i vei, ABC Albert Aberg,
Number Lines and Albert Junior. Table 1 uses information provided by
the developers to briefly describe each app.

Table 1. Information about the apps.

KPT who
The apps used theapp Information about each app

Tella 9,10,11,12, TELLA is an educational game that children can
13,14, 15, learn simple mathematics by playing and trying
16,17 their hand at it. It is intended for the age group
5 - 8 years, but is also suitable for those who are
younger or older. (https://play.google.com/store/
apps/details?id=no.mediesenteret.tella&hl=no)

Tellivei 8 Learn the numbers 1-10 by counting the animals
that hide on three different paths. They someti-
mes hide very well. You can choose from 6 dif-
ferent animals to count or listen to. (https://play.
google.com/store/apps/details?id=com.peacore.
Tellivei)

ABC 2 Play with letters, sounds and words together with

Albert Albert Aberg. The app has been developed based

Aberg on children's needs, and has no points, time limits
or other elements that could lead to mistakes
or stress. Children will play and learn with the
app on their own terms and at their own pace, in
kindergarten, at school or at home. (https://play.
google.com/store/apps/details?id=com.groplay.
abcalfons&hl=no)

Number 5 An infinite number line to use in the classroom,
line with a simple design that allows for nume-
rous maths games and challenges! (https://play.
google.com/store/apps/details?id=design.blastoff.
numberline&hl=en&gl=US)

Albert 1,3,4,6,7 Albert Junior is a learning platform that teaches

junior younger children to count in a simple, fun and
educational way. The content is specially desig-
ned for children aged three to nine and is based
on the primary school curriculum. (https://play.
google.com/store/apps/details?id=se.mralbert.
junior&hl=en_US)
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Data analysis

Each assignment was read carefully, with relevant comments being clas-
sified as being connected to one or more nodes of the ACAT model (Ladel
& Kortenkamp, 2013). Table 2 provides an overview of the classifica-
tion. The first row identifies each node. The second row describes the
key aspects of each node, utilising Ladel and Kortenkamp's descriptions
of the nodes. For example, when the KPTs wrote about children, these
comments were considered to be about the Subject. The third row of
table describe the potential socio-political influences on the comments
which were related to the ACAT nodes, drawing on the discussion in the
theory section.

Table 2. Classification of KPTs' reports into different ACAT nodes

Rules: Group:
Object: How theapp  Subject: Individual/group
Mathematics  functions Children interaction
»-Y Mathematical Explicit men- Children's Explicit mentioning
b3 g topics, such tioning of skills, abilities of whether the chil-
& c asnumberor designaspects or needs. dren are expected
&'d  measurement. of the apps. to use the app indi-
5o vidually or with
[

) others.

= Curricula Curricular Curricu- Curricular require-
3, «» requirements requirements lar require- ments about the
0L :

Y about what about play ments about  active role of the

5 2 mathemat- and creativ- children teacher. Societal
= ¢ icschildren ity. Societal being active ~ expectations about
£ ¢ should engage expectations inlearn- children working
=& with. Soci- aboutlinear  ing. Societal  individually on
g3 etal valuing learning expectations  apps.
H2 8  of number about math-  about chil-

8 % wunderstand-  ematics. dren learn-

o4 ings. ing passively

g9 through using

-~
o apps.

Once the points in the assignments had been classified according to
ACAT, the socio-political issues that may have influenced the KPTs'
choices about how to use digital apps with children for exploring math-
ematical understandings were then investigated (see table 2). This was
done by identifying which aspects of mathematics were highlighted and
how children were expected to engage with the app, either when the
KPTs wrote about their planning or how they evaluated what the chil-
dren actually did when using the apps in kindergartens.
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Results and discussion

The results of the analysis are first discussed in relationship to ACAT's
nodes (Ladel & Kortenkamp, 2013), beginning with the object node,
before describing the potential socio-political influences that could have
affected these views.

The object node identified the mathematics that the KPTsfocused on.
Eleven of the KPTs engaged children with apps to do with some aspect
of number, although the aspect could differ. Six KPTs chose apps about
shape and measurements as well as number understanding. The focus on
numbers and shape were perhaps not surprising because the Framework
Plan (Ministry of Education and Research, 2017) highlights "quantities,
spaces and shapes” as the subject area. However, a focus on space con-
cepts was missing, although earlier research identified these concepts in
apps being used in Norwegian kindergartens (Christiansen, 2023). That
the majority of KPTs focused on number can be connected to societal
valuing, shown in previous research (Linder & Simpson, 2018) and for
preparing children for school (Christiansen & Meaney, 2020).

In the ACAT model, rules of the app indicate how the mathemati-
cal understanding (object) is made available to the children (subject). In
the compulsory assignments, some of the KPTs suggested that learning
mathematics required the children to have possibilities to repeat tasks.
For example, KPT17 wrote "the repetition in the app contributes to good
learning and children experience mastery”. KPT 12 also mentioned that
was important for children to feel mastery, "through repetition I expe-
rienced that they had mastery over some tasks which make the children
proud of themselves.” In the earlier study of Vee (2023), other KPTs also
highlighted the need for repetition, suggesting that children would work
individually on apps. However, KPTs' valuing of repetition could restrict
them seeing the value of children working together or with teachers and
the possibilities for creativity, emphasised in the Framework Plan (Min-
istry of Education and Research, 2017).

In relationship to the need for repetition, many of the KPTs high-
lighted the importance of the apps having a learning progression. For
example, KPT 1, 4, 10, 11, 13, 16 and 17 who used the Tella app or the
Albert Junior app, with children, indicated that the app increased the
difficulty of the tasks, which they considered important. However, KPT
1 and KPT 3 noted that this increasing difficulty required the children
to have more explanations than the Albert Junior app provided. Without
this explanation, the connection to the mathematical object was not
clear, "it was difficult to understand what the children were going to do
and what the purpose was” (KPT 3). Thus, the way the app presented
the mathematical concept to be learnt had implications for the role of
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the teacher. KPT8 wrote, "I repeat the task and explain to the children
what they should do”. Increasing the difhiculty of tasks alongside a lack
of explanation made it difficult for children to complete the tasks by
themselves, which was problematic for the KPTs who seemed to expect
children to engage with the app in this way. The KPTs, therefore, valued
apps that the children could easily work out. KPT 8 who worked with the
very young children felt that the "Tell i vei” app set up number under-
standing in an easy way, with the animals being shown for the children to
touch. The children could then hear the app counting the animals and see
the number symbols. The KPT justified choosing this app because of its
simple setup and communication, which the children could understand
and so could learn about numbers and counting. However, in evaluat-
ing how the children used the app, KPT 8 found that the children were
more interested in the animal sounds, than learning to count. Although
the design of the app could support children's possibilities to engage
with mathematics, other aspects, such as sounds, could distract them
and reduce their possibilities to learn. As Nilsen (2018) found the KPTs
realised that the apps did not necessarily lead to children's learning the
expected outcomes. They, therefore, seemed surprised when the chil-
dren were not interested in learning mathematics, but more interested
in exploring and discovering other things that the app made available,
such as the sounds of animal, even though exploration with digital tools is
highlighted in the Framework Plan (Ministry of Education and Research,
2017). This suggests that the KPTs were influenced by wider societal
expectations that apps should "teach” children the required mathemat-
ics individually, rather than by curricular requirements about the need
to engage creatively and through play with the mathematics in apps.
The KPTs negatively evaluated the design of apps which they con-
sidered did not engage children in mathematical learning. For example,
KPT 5 and 9, who used two different apps, described how children could
work out the correct answer from listening for the right sound, "the child
also quickly realized that the app made a sound when the answer was
correct, so if the child guessed wrong, he tried again until (the correct)
sound was made” (KPTS5). This suggests that the KPTs saw the design of
the app, which focused on the children gaining a correct answer, rather
than engaging with the mathematical idea, as affecting what could be
learnt. These comments suggest that the KPTs did not value apps that
might have supported the children to engage in digital play and creativ-
ity, even though this was required by the Framework Plan (Ministry of
Education and Research, 2017), perhaps because this kind of exploration
was in contrast to the kind of learning they expected children needed.
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KPTs'few connections to play were about children engaging in problem
solving, a connection noted in earlier research on non-digital activities
(Fosse et al., 2020). KPT 2 described the tasks in ABC Albert Aberg as
being about problem-solving, "The app is based on (letter) sounds and
letters, but also has some mathematical problem-solving tasks. Here,
numbers and mathematical thinking are presented in a playful way”.
KPT 2 considered the app to be playful, as the children could make cakes
and decorate them, using measuring and counting skills. Nevertheless,
they were concerned that the children engaged in the app, without
recognising that it involved mathematics. This KPT seemed to be positive
about the app contributing to a new form of play, where children could
make choices, discover and learn from their decision making, but was
uncertain about whether engaging with mathematical content and
processes was sufficient for it to fulfil the requirements of the Framework
Plan (Ministry of Education and Research, 2017).

In contrast, other comments which were classified as belonging to
the rule node indicated that some KPTs did not think that aspects of
the design of the app matched children's needs. Alongside the difficul-
ties deriving from alack of explanation, described earlier, there were also
concerns that the app was not developmentally appropriate. For example,
KPT14 highlighted that "the very youngest children needed help to com-
plete the task in Tella app, but 5-year-olds could do the task by them-
selves”. KPT 17 also noted that the children did not have the fine motor
skills needed to control the Tella app, "Here it was too challenging for the
2-year-olds children. They would like to paint the number. When they
remove finger off the screen or lose their ‘grip, they had tostart over”. This
KPT considered that the children lost motivation because of the design
of the app. Similarly, KPT 11 mentioned that gripping of the items in the
Tella app was difficult because "the children had to put their fingers in
the middle of the objects to move them”. As the children were unable to
complete the tasks successfully, KPT 17 and 11 considered that they could
not engage meaningfully with the mathematics. This reinforces the idea
that the KPTs considered that the app should be engaging by itself so that
the children would find mathematics interesting and motivating, and,
thus, provide them with the possibility to learn. Although Nikiforidou
(2017) had highlighted the need for apps to be child-centred for children
so that they could play and explore with others, the KPTs instead seemed
to expect that the app should provide both the engagement and learning
for children so that it could be used individually. These views seemed to
be informed by societal expectations about how apps should engage chil-
dren, rather than the requirements of the Framework Plan (Ministry of
Education and Research, 2017).
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As well, expectations about how children should engage with the app
affected the value KPTs gave to possibilities for collaborations with them-
selves as teachers or with the children's peers. Comments about this were
linked to the group node of the ACAT model. For example, six KPTs
(1, 4, 10, 11, 13,17) mentioned that one adult should hold the tablet so
that the children could cooperate to find the right answer. These KPTs
indicated that the teacher should lead the children to the right answer.
This approach was in contrast to other KPTs who thought that the chil-
dren should learn individually while using the app, discussed earlier. For
example, KPT 5 described how children should work on the tablet by
themselves and did not become involved unless the children asked for
help. The same KPT suggested that for the children to work indepen-
dently, the app, in this case the Number line app, should present the
tasks with pictures and not with text or words because the children
could not read. The KPT seemed to think that the children would "learn
by doing” and did not need to communicate with others. Palmér (2015)
had noticed that ECE teachers were more or less absent when children
were using digital apps, suggesting that the expectation that children
should use them on their own is widespread. This is in contrast to the
requirements of the Framework Plan which emphasises that kindergar-
ten teacher "shall be actively involved with children when using digital
tools” (Ministry of Education and Research, 2017, p. 44).

Some of the KPTs (8, 11,14, 17) who worked with very young children
(under 2 years old) suggested that every child should have their own tablet
because the children were impatient for their turn on a shared tablet and
so lost motivation. This indicated that they did not think it was possi-
ble for very young children to work in a group. For example, the KPTs
who used the Tella app, which was described as being for older children,
seemed reluctant to consider changing how they worked with the chil-
dren or identify other ways that children could engage together, when
using apps. KPT 2 was the only KPT who highlighted the possibility for
children to work in groups of 2-3, as well as working individually, perhaps
because they had highlighted a connection to play, something not raised
by the other KPTs.

Although the design of app may have provided opportunities for col-
laborations between children and with the teacher, the KPTs' views about
how mathematics should be learnt and how apps should be used seemed
toreduce their willingness to look for these opportunities. In their reflec-
tions, the KPTs focused more on what they considered the app should
provide for children to learn from, with the teacher's role to just explain
what the app required the children to do. Although concerns have been
raised about the use of digital tools in kindergartens to do with lack of
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social interaction and screen time (Danby et al., 2018), it seemed the
KPTs' expectations that children would work on them individually was
not something that they could see past to identify how to overcome these
concerns when using apps with young children.

Conclusion

In this paper, we have identified potential socio-political influences on
KPTs' evaluations of children's use of apps to engage with mathematical
ideas. The ACAT framework provided insights into how they saw the
app (artefact) mediating children's interactions with the mathematical
content (object), through its design (the rules) and linked to the role of
the teacher and potentially peers. The KPTs' descriptions show that the
ACAT nodes are connected, not just within each triangle but also across
the triangles. For example, it seemed that the KPTs expectations about
the design of the app, connected to the rule node, was affected by both
the valued mathematical content (the object) for young child and the role
the teachers saw themselves and other children as having when engag-
ing with apps. From the KPTs' descriptions of how they implemented
apps on practicum, it seemed that they expected the apps to "teach”
the children, with the KPTs having a minimal support role. Potential
socio-political influences seem to be about expectations that number is
the most valued content in mathematics and that children should learn
mathematics individually and through repetition. These societal expec-
tations seem to override their understandings about what the Framework
Plan (Ministry of Education and Research, 2017) highlighted for how
children should engage in digital play.

Although the assignment specifically asked the KPTs to consider how
apps could engage children with mathematics through play, there were
few comments about play and creativity in their reflections. The pro-
vision of learning possibilities depends on teachers' awareness (Palmér
2015). Therefore, if play and creativity are to be valued, in alignment
with the Framework Plan (Ministry of Education and Research, 2017), it
is clear that teacher education needs to provide KPTs with other experi-
ences with apps, either by choosing different apps or by having differ-
ent expectations of what the children could do and their own roles as
teachers.

However, a focus merely on incorporating kindergarten play peda-
gogy into experiences with digital tools in mathematics teacher educa-
tion courses is unlikely to result in improving the likelihood that the
requirements in the Framework Plan about the use of digital tools will be
fulfilled. This is because the socio-political environment influences how
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the wider society determines what is valuable mathematics for kinder-
garten children, how it should be learnt and how children should engage
with digital apps. Our analysis using ACAT highlighted the different
aspects of young children engaging with mathematics apps which were
identified by KPTs in their evaluations. This provided insights into the
potential socio-political influences on their expectations of how children
should engage with apps and the role of the teacher in those engagements.

These wider socio-political views about what mathematics children
need to learn and how they should engage with apps may have con-
tributed to the majority of them focusing on children learning about
numbers and counting by individually engaging with apps. This seemed
to lead to the KPTs highlighting as important mathematics for children
to learn (number and counting), through individually repeating tasks. It
may be that the recent pressure on Norwegian kindergartens for chil-
dren tolearn mathematics in order to be prepared for school (see Lange &
Meaney, 2018) may have reduced the KPTs' possibilities to feel that it was
appropriate to choose apps which provided more opportunities for play
and creativity. Lembrér (2021) noted that some kindergarten teachers
seemed reluctant to see entertainment apps as providing the same pos-
sibilities for children to engage with mathematical ideas as educational
apps, such as Tella, even if the entertainments apps were already familiar
to the children. Using what was familiar to children from home was one
of the recommendations in the OECD report for improving children's
digital competencies (Schleicher, 2019). As Bjorklund et al. (2018) wrote,
teaching mathematics is not only about counting, adding or measuring
"it is rather about expanding the play and helping children to under-
stand the surrounding world, thus to mathematize” (p. 471). Identifying
potential socio-political influences indicates that teacher educators may
need to not just present alternative ways to use apps to engage children
in mathematical ideas, but to have explicit discussions about the impact
of socio-political pressures. Without these discussions, it may that the
readiness-for-school tradition becomes more evident in kindergartens'
work with mathematics.
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