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I Can Do It on My Own?! Evaluation
of Types of Implementation of Digital
Game-Based Learning in Early
Mathematics Education

Laura Birklein and Anna Susanne Steinweg

Introduction

Nowadays, typical everyday learning and play situations — particularly at home —
have changed. Not only but especially because of lockdowns and remote-schooling
phases due to the pandemic, digital media and digital solutions have become a natu-
ral part of everyday life, even for young children. The EfEKt study evaluates differ-
ent types of implementation of the app MaiKe (see below), which has been developed
to support mathematical competencies of children aged 4-6 (Steinweg, 2016). The
study is carried out in Germany, where special conditions in terms of media use
have to be considered. The debate whether the use of digital media in early child-
hood education is appropriate or not is still vividly ongoing and divides educators as
well as parents into two seemingly irreconcilable camps (for a detailed and
reference-based description see Birklein & Steinweg, 2018). On the one hand, fears
prevail that free media use will take over and displace real world play situations
without stimulating any development in (mathematical) competencies. On the other
hand, digital media and especially digital learning games are considered helpful for
learning progress. As the project is conducted in Germany, this debate needs to be
embraced in its research questions. The change in life in terms of digital transition
processes may offer opportunities, but should be considered reflectively and be one
focus of research in early mathematics.
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Theoretical Framework

The EfEKt study is closely embedded in the theoretical discourse on digital learn-
ing, fundamental ideas in early mathematics, and last but not least learning supervi-
sion. Moreover, the theoretical framework is oriented towards relevant research. In
the following three sections the main theoretical references are outlined.

Digital Learning

One way to support and encourage children’s mathematical thinking and learning
might be to enrich existing play and learning environments with digital games.
Despite persisting scepticism of parents and educators regarding the use of digital
media in early education, there is a growing consensus that the potentials of multi-
media resources cannot be simply ignored (Palme, 2007). At best, the broad avail-
ability of mobile devices (miniKIM, 2020) and technical innovations, such as the
touch screen technology of smartphones and tablets, which is especially suitable for
younger children, open up new learning opportunities and thereby also learning
opportunities for mathematics.

More and more studies and meta-analyses (e.g., Knogler et al., 2017; Vogel et al.,
2006) show effects of the use of digital media — usually compared to traditional
learning activities. However, a closer look at the studies reveals that effects on learn-
ing processes depend on various context parameters. The potentials of digital learn-
ing environments can only be fully exploited under certain preconditions regarding
content selection, adequacy of activities, and suitability of types of implementation
of digital games into existing learning environments in kindergarten or families.
Various research studies in the past few years addressed these questions (e.g.,
Lembrér & Meaney, 2016; Moyer-Packenham et al., 2018; Papadakis et al., 2018).

Fundamental Ideas in Early Mathematics Education

Everyday and play situations are considered promising opportunities to facilitate
mathematical activities, mathematical discussions, and fruitful interactions, which,
therefore, support the development of mathematical competencies (e.g., Gasteiger,
2010). Research emphasises fundamental or ‘big’ ideas of mathematics (Brownell
et al., 2014; NAEYC & NCTM, 2010; Sarama & Clements, 2009). Furthermore,
research in psychology identifies some of these ideas as key predictors of mathe-
matical learning outcomes in school (e.g., Dornheim, 2008; Jordan et al., 2009;
Lembke & Foegen, 2009). Various approaches on integrating these mathematical
key ideas in early education have been proven to be effective in evidence-based
research studies (e.g., Gasteiger, 2015; Gerlach et al., 2013; Krajewski et al., 2008).
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These predictive competencies are taken up in the presented project, as the MaiKe
app contains tasks designed on the mathematical key ideas numbers and operations,
space and shape, patterns and structure, quantities and measurement. A detailed and
reference-based description of all other tasks offered by the app MaiKe is provided
in Steinweg (2016). Also, the learning effects are tested with a standardized test
based on the key ideas (LauBe, 2015).

For example — concerning the big idea of number — activities in the app invite
children not only to count or to order numbers, but to compare structured and non-
structured sets in order to stimulate the ability to perceive structures in sets and to
use them to determine cardinality (Schoner & Benz, 2018). Sprenger and Benz
(2020) identify two different but interrelated processes: perception of sets and deter-
mination of cardinality. The set can be perceived ‘in structures’, ‘as a whole’ or ‘as
individual elements’ and the cardinality can be determined by ‘known facts’,
‘derived facts’, or ‘counting strategies’. Counting strategies and perception of sets
as individual elements mark the least advanced responses. The use of the structure
indicates more sophisticated competencies and is a precondition for subitizing
strategies.

Learning Supervision and Support in Early
Mathematics Education

The importance of educators’ professional learning support or supervision are
beyond discussion (e.g., Gasteiger & Benz, 2018). This holds true for playing learn-
ing games together with educators and parents as well. For example, Schuler et al.
(2019) could show significant differences between the influence of direct and indi-
rect support on the percentages of shown verbal and non-verbal mathematical activ-
ities. Their findings give evidence that play situations with direct support stimulate
children to verbalise their mathematical activities to a particular extent, and that
these play situations are cognitively more challenging. The distinction made here
between direct and indirect refers to differences in the adults’ behaviour. On the one
hand, adults act as direct guides, and on the other hand, they supervise the play situ-
ation indirectly. The type of indirect supervision (in the sense of the presence of
adults) often corresponds to the behaviour of parents in play situations at home.
This holds especially true for digital (learning) games. The project, therefore, takes
up the interesting question of whether the mere presence of an adult has an impact
on play behaviour and especially learning outcomes.

Today’s everyday play situations include digital games. If children — as is cus-
tomary in German kindergartens most of the time — are allowed to choose for them-
selves which game they want to engage with, tablet apps and digital options come
into play. Again, these play opportunities can be supervised or guided by adults.
There is evidence that children tend to benefit from different settings depending on
their learning development:
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There was some indication, however, that instruction by a teacher was more effective for
children just beginning to recognize numerals, but the opposite was true for more able chil-
dren. Children might best work with such programs once they have understood the con-
cepts; then, practice may be of real benefit. (Clements, 2002, p. 162)

Further studies comparing the two approaches to learning support through digital
learning games might be helpful.

Methodolgy

The EfEKt study exemplarily evaluates the implementation of one particular math
app. The app MaiKe (Mathematik im Kindergarten entdecken [Discovering mathe-
matics in kindergarten]) is designed as an enriched digital learning environment
along the key ideas of mathematics (see above) to encourage children’s mathemati-
cal thinking and learning processes (e.g., Birklein & Steinweg, 2018; Steinweg,
2016). MaiKe offers six so called different worlds with 10 games each. Overall
approximately 480 tasks are presented. Game access is given progressively depend-
ing on the progress the child makes. Throughout the worlds, complexity and diffi-
culty of the games increase. MaiKe uses a digital form of feedback called
AUC-feedback (answer-until-correct) (e.g., Narciss, 2012). Consequently, for all
tasks the number of (unsuccessful) solution attempts is unlimited — which allows
trial & error approaches. Each and every mathematical content in the realms of
number, geometry, patterns, and measurement is revisited across worlds (spiral
curriculum).

The EfEKt evaluation study uses a pre- and post-test design with different inter-
vention groups (setting A and B) and a control group. Children in the control group
receive no special support apart from the usual kindergarten’s daily activities.

In setting A, several tablets are provided on which only the app MaiKe can be
played. The tablets are available to the children at any time at their own request for
free play of the app (other apps are not enabled). A short introduction on how to use
the tablets and how to open the app was given to everyone beforehand. In the further
course of the entire project, the kindergarten educators are explicitly asked to assist
only if children ask for help.

In contrast to setting A, regular play sessions organised by the researcher take
place in setting B. The play time and duration is therefore fixed by the project
design. Researcher and child meet in one-on-one situations. In principle, the inter-
action is structured by the individual progress of the child playing the app. The
researcher acts as a supervisor and does not give any help in solving the tasks. The
adult’s conversational impulses are limited to some interview questions placed in
each case in the analogous situations and in selected game progressions to each
participating child (guided interview). In this sense, the researcher interacts with the
children whilst playing in order to get a deeper insight into the children’s thinking
and learning processes.
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Six kindergartens participate in the study and are randomly assigned to one of the
settings described above in groups of equal size. The intervention takes place over a
period of 1.5 years in total (Fig. 1). The whole sample of participating children
(n =60) is divided into two different age groups. The pre-school children, who con-
stitute half of the sample (age group 1) are on average 6 years old at the beginning
of the study. They participate in the intervention for 6 months before the post-test
takes place shortly before they start school. The younger children (age group 2) are
on average | year younger at the beginning of the intervention and take part over the
whole period of the study (1.5 years). The age group 2 children completed an inter-
mediate test half a year before their school entry.

Methods of Measurement and Analysis

As shown in Fig. 1, different data sets are collected through different measures that
can be used for further analysis and to answer quantitative and qualitative research
questions (Birklein, 2020).

In both settings A and B, a specially designed research version of the app MaiKe
provides automatically written log files of the individual use. The files make addi-
tional usage data within the intervention phase available for analysis. All partici-
pants have their own account for using the app. In this way, it is possible to back up
the game score and to create individual log files. The log files document the start and
end time of each game, the percentages of correct swiping actions as well as trial &
error attempts, and the duration of the time played. The log file data is only available
for the researcher and not for children, parents, or kindergarten educators.

age pre-test post-test
february 2016 july 2016
group 1 1 v Y >
I 2
pre-test intermediate test post-test
age february 2016 february 2017 july 2017
gowp?2 | | e e : | >
within the age groups ...
setting A setting B control group
play sessions individually once a week no intervention
every 3 weeks
. tests conducted as tests conducted as tests conducted as
measuring one-on-one interviews one-on-one interviews one-on-one interviews
instruments obervation sheets video recordings
log files log files

Fig. 1 Design of the study
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In setting A, kindergarten teachers fill in observation sheets for each participating
child, to document the playing behaviour and any unusual situations that may occur.
These data provide additional information for the analysis of the log files.

The development of the children’s mathematical competencies are assessed by
means of a standardized school entry test, which focusses on fundamental mathe-
matical ideas (in particular numbers & operations, shape & space, measurement &
seriation) with special consideration of predictive competencies (LauBe, 2015). The
test is designed to be conducted one-on-one (see Fig. 1). The children answered
mainly orally or with the help of material. The results are quantitatively analysed
via construction of confidence intervals (CIs) with a confidence level of 95% (e.g.,
Hazra, 2017). The CIs include both, sample size and standard error, and, therefore,
provide more information than a comparison of mean values. The CIs allow to com-
pare the groups with each other (CIs for independent samples) and also enable a
comparison within the groups over the different measurement times (CIs for paired
samples).

The researcher-child-interaction in setting B is recorded by video and docu-
mented in transcripts to capture interactions and reactions during the play sessions.
These data form the basis for qualitative analysis of individual learning processes,
e.g., simultaneous number perception (e.g., Schoner & Benz, 2018) and are docu-
mented in detail in Birklein (2020). The qualitative analyses provide an insight into
typical reactions when dealing with the MaiKe app and into individual learning and
development processes. The case studies provide additional findings that are not
represented by the quantitative data and that open up further interesting research
perspectives.

In this research focus, special attention is paid to tasks on determining the cardi-
nality of (structured) sets. Eight games throughout the MaiKe app contain different
forms of representation of such quantities (finger pictures, dot-fields, etc.). In the
available video data, verbal expressions and interactions of the children with the app
are analysed in order to get some indication of whether the children perceive a struc-
ture in the representations and if they use the structure to determine the cardinality
of the given sets. The chosen method combines quantitative with qualitative ele-
ments (e.g., Schmidt, 2015). First, a theory-based category system is developed to
capture the children’s strategies for solving the tasks. The category system is based
in particular on Benz’s theoretical model (Sprenger & Benz, 2020; Schoner & Benz,
2018). In contrast to Benz, the study presented here includes no eye-tracking. The
assigned strategies, therefore, result from the qualitative analysis of children’s reac-
tion and interaction (verbal utterances, gestures, and actions). The developed coding
guideline includes descriptions and typical examples for each category, which are in
particular ‘strategy use’, ‘gestalt matching’ (if applicable), ‘counting all’, and ‘trial
& error’.

The categorization of children’s reactions offers the possibility to identify pat-
terns in the data and to map development processes in order to find out whether
there are changes in children’s strategies during the intervention period that indicate
learning processes regarding the perception of sets and determination of
cardinality.
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Research Questions

The EfEKt project addresses various issues on digital learning game use and its
effects that build on and complement each other. A complete overview of all ques-
tions and research results can be found in Birklein (2020). This paper addresses two
of the research questions in more detail, and provides exemplary insights into a third
question.

The first question takes up the current debate in Germany and addresses the con-
cerns about extensive media use when it is not limited by adults (e.g., in terms of
time). The question quantitatively analyses the use of an app by comparing two
different types of implementation (with and without supervision by an adult):

1. Does the type of supervision in the implementation influence the children’s
behaviour and their progressing through the game?

The findings of the first question may also provide a possible basis for interpret-
ing results of the second research question, which investigates the quantitative
effects on the development of mathematical competencies of children. Moreover,
the question addresses the second (German) concern that digital games may have no
or negative effects on learning progress:

2. Does the intervention affect the development of mathematical competencies of
the participating children compared to a control group?

The third question focuses on individual learning processes while playing the
MaiKe app that can be identified by qualitative analysis:

3. What qualitative indications of advancing (more sophisticated) thinking can be
identified?

Results

The findings on each of the three research questions are presented in one of the fol-
lowing sections.

App Use in Comparison of the Different Settings

The log file data is analysed to answer the question, whether there are differences
between the settings in terms of time of use and game play. Table 1 exemplarily
shows the relevant data for the (younger) children of age group 2:

The children’s progressing through the game shows that in the free play setting
A, the children reach on average the seventh game of the so called fifth world (col-
umn #1), i.e. they successfully complete 47 of 60 available games in total. The
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Table 1 Comparison of average usage data between setting A and setting B of age group 2

#1 #2 #3 #4 #5
Games (with | Total time (over | Number of play | Duration of a
(9] Score repetitions) 1.5 years) sessions play session
Setting A world5 | 117.8 04:33:20 16.5 00:16:04
game 7
Setting B world6 929 03:41:11 22.7 00:09:41
game 8

children in the more guided setting B reach on average the eighth game in the sixth
world, which means they complete 58 different games. Nevertheless, more games
are played overall in the free play setting A (column #2). This indicates that children
in setting A repeat games far more often than the ones in setting B.

Looking at the behaviour in terms of, for example, the total time children spend
playing the games of the MaiKe app over the entire project period of 1.5 years, the
values hardly differ (column #3). Although the children in setting A use the offer
less frequently on their own initiative (16.5 times, column #4), they played a little
longer than the children in setting B (on average 5 min more playing time, column
#5). The findings are overall comparable to those for group 1. Due to the shorter
duration of participation in the project (half a year), these children have not pro-
gressed as far in the app of course.

The Development of Mathematical Competencies in Comparison
of the Different Setting

The mathematical competencies of all participating children from the two settings
and the control group are assessed by a standardized test (conducted in one-on-one
interviews in all groups), which is usually used at school entry to monitor basic
mathematical knowledge acquired in kindergarten. The diagram (Fig. 2) exemplar-
ily shows the results for the children of age group 1, who participated 6 months in
the project.

Although the average pre-test results differ between the groups (independent
samples), the CIs rate these differences as random at this time. In contrast, the aver-
age results of the post-test indicate a statistically relevant difference in two cases of
group comparison, i.e., between setting B and the control group as well as between
setting A and the control group.

The changes within the groups (paired samples) over the different measurement
times from pre- to post-test are statistically relevant for both intervention settings A
and B. The development of mathematical competencies in the control group can be
considered random.

Even though the mathematical competencies of children in setting B increase
slightly more during the project period, this may — following the interpretation of
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age group 1
100%
90%
= 1. CIs for
80% independent samples
70% L —1
\ | supervised
60% Y - setting B
2. CIs for
50% paired samples - free play
setting A
40%
—&= control grou,
Pretest Posttest e

Fig. 2 Development of mathematical competencies of age group 1

the CIs — also be a random effect. In other words, there is no statistically relevant
difference between the two implementation settings A and B.

On the Development of Thinking Processes

As an illustrative example of the qualitative analysis, a section of a progress chart
for two games on determination of cardinality is presented in this paper. In the
selected games analysed here, the required solution number needs to be assigned by
swiping movements to the given dot-field on the right (Fig. 3). The remaining num-
ber figures in the middle have to be matched to the bin. The seventh game in the
fourth world (game 4.7, Fig. 3, left side) is nearly identical to the third game in the
sixth world (game 6.3, Fig. 3, right side). In the latter one an animation of a hand,
which covers up the given dot-field after a short time (< 3 s) before the number
figures appear on the screen, expands the challenge for the children.

The frequencies for the strategies ‘structure use’, ‘counting all’ and for a ‘trial &
error’ approach are recorded across all participating children as percentages. In
some cases the analysis of the children’s interaction allows ‘no assignment’ to a
specific solution strategy.

All children determine the number 8 in game 4.7; none of them uses a trial &
error approach. The group of children identified as structure users (45%) is larger
than the counting group (32%). In game 6.3 the major part of all children (86%)
uses a structure to determine the amount of dots.

The arrows between the tables visualize the thinking development paths. The
thickness indicates the occurring frequency. In these two games all children who
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world 4 game 7 world 6 game 3

structure use 45 % structure use 86 %
counting all 0%
trial & error 7 %

no assignment 7%

counting all 32%

trial & error 0%

no assignment 23 %

Fig. 3 Section of a progress chart

perceive structures and use them to determine the number in game 4.7 stick to this
strategy in game 6.3 as well. Almost all children who counted the elements one by
one in game 4.7 perceive structures in game 6.3.

While the arrow diagram of frequencies provides a general overview of solving
strategies and development across the whole group of participating children, indi-
vidual case studies reveal aspects that are not captured in the category system. Thus,
it becomes apparent that the children whose solution strategy is assigned to the
category ‘structure use’ do not always see the identical structure in given represen-
tations and that they use different strategies — sometimes quite flexibly. For instance,
Heiko explains his rapid determination of the number 8 in relation to the total num-
ber of the dots in the field: “"Because 2 are missing, it’s 8. Emilia refers to a previ-
ous task with nine given dots: “that there were 9 and then I just counted 1 off again”.
Lea first derives the 8 from the predecessor: “Because after 7 comes 8”. In a later
stage of the game, she also uses the power of 5: “Because 3 points and then 5, then
it equals 8”. Across all the case studies, a variety of variants of structures in the
category ‘structure use’ and for some children an impressive flexibility in the use of
their strategies can be documented. Overall, the decomposition of 8 into 5 (or ‘a
row’) and 3 is used most frequently.

Discussion

Comparing the MaiKe app use in the implementation settings, the results are quite
alike. In particular, the average time spent playing the app in each session is very
moderate. The findings falsify the common assumption that no limitations and no
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instructions inevitably lead to excessive media consumption. Fears are unfounded
that free play — at least in the case of this particular MaiKe app — will lead to exten-
sive use of digital media. These findings are an important argument in discussions
with parents and educators in Germany.

The only noticeable difference between the free and supervised play settings is
recognisable in the two interdependent values of game progress (score) and repeti-
tion rate. The exercise, and thus the learning progress, takes place through repetition
and thus replaces the guidance by an adult. These findings are consistent with those
of Clements (2002).

The results strongly indicate that the MaiKe app use shows statistically relevant
positive effects on the development of mathematical competencies, which are sup-
portive for starting school. This becomes evident in both settings (compared to the
control group). Again, the supervision of an adult, as implemented in this project,
has no verifiable effects. The children taking their own time and choosing to play
the app whenever they want (free play) are in no way inferior in their development
to those who have played in presence of the researcher at set times. Both types of
organisation, therefore, can be suggested as possible options to integrate an app in
the daily routine of a kindergarten (or at home). They both offer opportunities to
enhance mathematical learning and are thus more effective than the usual offers in
German kindergartens (control groups).

Nevertheless, several studies and projects focus on the importance of learning
support for children’s learning processes (e.g., Gasteiger, 2010; Klibanoff et al.,
2006). The slightly higher development of mathematical competencies in super-
vised setting B in this study may be an indication in this regard. The difference is
not statistically relevant in this study. This may be due to the fact of the very limited
guidance in setting B; only in the context of prompting interview questions.
Although, the interview impulses probably encouraged the children to deal with the
mathematical contents in a deeper way, no further support was given. Therefore,
there can be no talk of deliberate learning support — which research highlights as
particularly effective — in setting B either. Further studies could explore types of
attentive guidance versus free play situations.

The MaiKe app itself, which serves as means and material in this study, influ-
ences the test results in the basic competencies (matching the ‘big ideas’, see above).
Due to the design of the app, children need to follow a certain way through the dif-
ferent games. If the solution rate is too low, the app first expects replays of the game
before the next games are unlocked. In this sense the app itself acts as a learn-
ing guide.

Moreover, the game design influences the strategies used. The deeper insight in
learning processes based on qualitative analyses indicates that the children use more
efficient and sophisticated ways to determine quantities of sets over the course of
the intervention period. Almost all children who were counting one by one in game
4.7 are actually able to use a structure for determinating the quantity in game 6.3
(Fig. 3). One possible reason for these developments may be that the games also
become more challenging as they progress. For example, due to the hand animation
in game 6.3 and the rapid coverage of the dot-field, less elaborated strategies
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(‘counting all’) are hardly possible any more. Children for whom such a strategy is
not (yet) available therefore fall back on a trial & error approach.

Also, from this it can be drawn that free play (setting A) is not so free after all.
At the same time, this also may explain why the development does not differ signifi-
cantly in the different settings. The efficacy of playing with (learning) apps without
further instructions necessarily depends on the app design. The tasks provided in the
app must be mathematically and educationally sound — however, this condition
might not be sufficient.

A promising research perspective may be the comparison or the combination of
digital tasks with their physical material-based counterparts in terms of learning
progress on mathematical key ideas and, where appropriate, understanding of math-
ematical concepts. Each game in MaiKe is inspired by common kindergarten mate-
rial like building blocks, number cards, dice etc. The possibility of easily translating
the digital into a material-based game was deliberately taken into account in the
MaiKe app-design in order to generate ideas for real learning environments in kin-
dergartens through the app. This kind of research is particularly worthwhile because
there is a broad consensus that an app (like MaiKe) cannot replace a rich and stimu-
lating play and learning environment, but it can complement it.

In further research, children’s prior knowledge may be taken into account. The
experience gained in the context of this study as well as existing evidence suggest
that children’s prior knowledge can have an impact on the way they deal with the
mathematical content, on the reception of the digital feedback, on the willingness to
repeat tasks and further rehearse their own knowledge, or on motivation in general.

In this study there is hardly any evidence of mathematical competence develop-
ment in the children of the control group. This is at least remarkable and alarming
from a mathematics educational perspective. In daily routine of kindergarten, too
little attention is obviously paid to recognising mathematical learning opportunities
and making them fruitful. German kindergarten educators are usually not trained in
mathematics. This spin-off of the analysis of the results shows how important it
would be to reorganise the training of kindergarten teachers.

When interpreting these and other results, it is important to note that they refer to
this exemplary selected MaiKe app and a small sample. The specific concept as well
as the design allow only a limited transfer to other digital learning environments. In
order to allow generalizable conclusions, a study with a larger sample of apps and
children has to be carried out to verify the indicated tendencies.

References

Birklein, L. (2020). Einsatz einer App zur mathematischen Friihforderung: Effekte auf die
Entwicklung mathematischer Basiskompetenzen. University of Bamberg Press.

Birklein, L., & Steinweg, A. S. (2018). Early maths via app use: Some insights in the EfEKt
project. In C. Benz, A. Steinweg, H. Gasteiger, P. Schoner, H. Vollmuth, & J. Zollner (Eds.),
Mathematics education in the early years: Results from the POEM3 conference 2016
(pp- 231-251). Springer International Publishing.



I Can Do It on My Own?! Evaluation of Types of Implementation of Digital... 67

Brownell, J., Chen, J.-Q., & Ginet, L. (2014). Big ideas of early mathematics: What teachers of
young children need to know. Pearson.

Clements, D. H. (2002). Computers in early childhood mathematics. Contemporary Issues in
Early Childhood, 3(2), 160—181. https://doi.org/10.2304/ciec.2002.3.2.2

Dornheim, D. (2008). Prddiktion von Rechenleistung und Rechenschwdche. Logos.

Gasteiger, H. (2010). Elementare mathematische Bildung im Alltag der Kindertagesstdtte:
Grundlegung und Evaluation eines kompetenzorientierten Forderansatzes. Waxmann.

Gasteiger, H. (2015). Early mathematics in play situations: Continuity of learning. In B. Perry,
A. MacDonald, & A. Gervasoni (Eds.), Mathematics and transition to school (pp. 255-271).
Springer.

Gasteiger, H., & Benz, C. (2018). Mathematics Education competence of professionals in early
childhood education; A theory-based competence model. In C. Benz, A. Steinweg, H. Gasteiger,
P. Schoner, H. Vollmuth, & J. Zollner (Eds.), Mathematics education in the early years: Results
from the POEM3 conference 2016 (pp. 69-92). Springer International Publishing.

Gerlach, M., Fritz, A., & Leutner, D. (2013). MARKO-T. Trainingsverfahren fiir mathematische
und rechnerische Konzepte im Vorschulalter. Hogrefe.

Hazra, A. (2017). Using the confidence interval confidently. Journal of Thoracic Disease, 9(10),
4125-4130. https://doi.org/10.21037/jtd.2017.09.14

Jordan, N. C., Kaplan, D., Ramineni, C., & Locuniak, M. N. (2009). Early math matters:
Kindergarten number competence and later mathematics outcomes. Developmental Psychology,
45(3), 850-867. https://doi.org/10.1037/a0014939

Klibanoff, R. S., Levine, S. C., Huttenlocher, J., Vasilyeva, M., & Hedges, L. V. (2006). Preschool
children’s mathematical knowledge: The effect of teacher “math talk”. Developmental
Psychology, 42(1), 59-69. https://psycnet.apa.org/doi/10.1037/0012-1649.42.1.59

Knogler, M., Mok, S. Y., & CHU Research Group. (2017). Sind digitale Spiele lernforderlicher
und motivierender als regulire Lernangebote? clearinghouse.edu.tum. https://www.clearing-
house.edu.tum.de/wp-content/uploads/2018/12/CHU_KR-3_Wouters2_2013_Digitale-Spiele-
und-Motivation.pdf

Krajewski, K., Nieding, G., & Schneider, W. (2008). Kurz- und langfristige Effekte mathematischer
Friihforderung im Kindergarten durch das Programm “Mengen, zéhlen, Zahlen”. Zeitschrift
fiir Entwicklungspsychologie und Pddagogische Psychologie, 40(3), 135-146. https://doi.
org/10.1026/0049-8637.40.3.135

LauBe, Institut fiir Schulqualitit der Lidnder Berlin und Brandenburg e.V. (Eds.). (2015).
Lernausgangslage Berlin. laube.isq-bb. https://www.laube.isq-bb.de/

Lembke, E., & Foegen, A. (2009). Identifying early numeracy indicators for kindergarten and
first-grade students. Learning Disabilities Research & Practice, 24(1), 12-20. https://doi.
org/10.1111/j.1540-5826.2008.01273.x

Lembrér, D., & Meaney, T. (2016). Preschool children learning mathematical thinking on inter-
active tables. In T. Meaney, O. Helenius, M. Johansson, T. Lange, & A. Wernberg (Eds.),
Mathematics education in the early years: Results from the POEM?2 conference 2014
(pp. 235-254). Springer International Publishing.

MiniKIM, Medienpéddagogischer Forschungsverband Siidwest (Eds.). (2020). miniKIM-Studie
2020: Kleinkinder und Medien: Basisuntersuchung zum Medienumgang 2- bis 5-Jihriger
in  Deutschland. https://www.mpfs.de/fileadmin/user_upload/Ifk_miniKIM_2020_211020_
WEB_barrierefrei.pdf

Moyer-Packenham, P. S., Litster, K., Bullock, E. P., & Shumway, J. F. (2018). Using video analysis
to explain how virtual manipulative app alignment affects children’s mathematical learning. In
L. Ball, P. Drijvers, S. Ladel, H.-S. Siller, M. Tabach, & C. Vale (Eds.), Uses of technology in
primary and secondary mathematics education (pp. 9-34). Springer International Publishing.

NAEYC (National Association for the Education of Young Children), & NCTM (National Council
of Teachers of Mathematics). (2002/updated 2010). Early childhood mathematics: Promoting
good beginnings. naeyc. https://www.naeyc.org/sites/default/files/globally-shared/downloads/
PDFs/resources/position-statements/psmath.pdf


https://doi.org/10.2304/ciec.2002.3.2.2
https://doi.org/10.21037/jtd.2017.09.14
https://doi.org/10.1037/a0014939
https://psycnet.apa.org/doi/10.1037/0012-1649.42.1.59
https://www.clearinghouse.edu.tum.de/wp-content/uploads/2018/12/CHU_KR-3_Wouters2_2013_Digitale-Spiele-und-Motivation.pdf
https://www.clearinghouse.edu.tum.de/wp-content/uploads/2018/12/CHU_KR-3_Wouters2_2013_Digitale-Spiele-und-Motivation.pdf
https://www.clearinghouse.edu.tum.de/wp-content/uploads/2018/12/CHU_KR-3_Wouters2_2013_Digitale-Spiele-und-Motivation.pdf
https://doi.org/10.1026/0049-8637.40.3.135
https://doi.org/10.1026/0049-8637.40.3.135
https://www.laube.isq-bb.de/
https://doi.org/10.1111/j.1540-5826.2008.01273.x
https://doi.org/10.1111/j.1540-5826.2008.01273.x
https://www.mpfs.de/fileadmin/user_upload/lfk_miniKIM_2020_211020_WEB_barrierefrei.pdf
https://www.mpfs.de/fileadmin/user_upload/lfk_miniKIM_2020_211020_WEB_barrierefrei.pdf
https://www.naeyc.org/sites/default/files/globally-shared/downloads/PDFs/resources/position-statements/psmath.pdf
https://www.naeyc.org/sites/default/files/globally-shared/downloads/PDFs/resources/position-statements/psmath.pdf

68 L. Birklein and A. S. Steinweg

Narciss, S. (2012). Feedback strategies. In N. Seel (Ed.), Encyclopedia of the learning sciences
(Vol. 6, pp. 1289-1293). Springer Science & Business Media.

Palme, H.-J. (2007). Multimedia im kindergarten. In H. Mitzlaff (Ed.), Internationales handbuch
computer (ICT), Grundschule, kindergarten und neue lernkultur (pp. 357-364). Schneider.
Papadakis, S., Kalogiannakis, M., & Zaranis, N. (2018). The effectiveness of computer and tablet
assisted intervention in early childhood students’ understanding of numbers. Education and

Information Technologies, 23, 1849—1871. https://doi.org/10.1007/s10639-018-9693-7

Sarama, J., & Clements, D. H. (2009). Early childhood mathematics education research. Routledge.

Schmidt, C. (2015). Analyse von Leitfadeninterviews. In U. Flick (Ed.), Qualitative Forschung:
Ein Handbuch (pp. 447-456). Rowohlt.

Schoner, P., & Benz, C. (2018). Visual structuring processes of children when determining the
cardinality of sets: The contribution of eye-tracking. In C. Benz, A. Steinweg, H. Gasteiger,
P. Schoner, H. Vollmuth, & J. Zollner (Eds.), Mathematics education in the early years: Results
from the POEM 3 conference 2016 (pp. 123—143). Springer International Publishing.

Schuler, S., Sturm, N., & Schuler, A. (2019). Mathematische Aktivitidten von Kindergartenkindern
beim Spielen mathematischer Spiele. In A. Steinweg (Ed.), Darstellen und Kommunizieren
(pp- 101-104). University Press of Bamberg.

Sprenger, P., & Benz, C. (2020). Children’s perception of structures when determining cardinal-
ity of sets — results of an eye-tracking study with 5-year-old children. ZDM, 52(4), 753-765.
https://doi.org/10.1007/s11858-020-01137-x

Steinweg, A. S. (2016). Mai Ke: A new app for mathematics in kindergarten. In T. Meaney,
O. Helenius, M. Johansson, T. Lange, & A. Wernberg (Eds.), Mathematics education in the
early years: Results from the POEM?2 conference 2014 (pp. 341-357). Springer International
Publishing.

Vogel, J. J., Vogel, D. S., Cannon-Bowers, J., Bowers, C. A., Muse, K., & Wright,
M. (2006). Computer gaming and interactive simulations for learning: A meta-
analysis. Journal of Educational Computing Research, 34(3), 229-243. https://doi.
org/10.2190/2FFLHV-K4WA-WPVQ-HOYM

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter's Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://doi.org/10.1007/s10639-018-9693-7
https://doi.org/10.1007/s11858-020-01137-x
https://doi.org/10.2190/2FFLHV-K4WA-WPVQ-H0YM
https://doi.org/10.2190/2FFLHV-K4WA-WPVQ-H0YM
http://creativecommons.org/licenses/by/4.0/

	I Can Do It on My Own?! Evaluation of Types of Implementation of Digital Game-Based Learning in Early Mathematics Education
	Introduction
	Theoretical Framework
	Digital Learning
	Fundamental Ideas in Early Mathematics Education
	Learning Supervision and Support in Early Mathematics Education

	Methodolgy
	Methods of Measurement and Analysis
	Research Questions

	Results
	App Use in Comparison of the Different Settings
	The Development of Mathematical Competencies in Comparison of the Different Setting
	On the Development of Thinking Processes

	Discussion
	References




