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ABSTRACT

Game-based learning approaches are an effective way of facilitating mathematical learning in early childhood. Considering constraints on staff and
time resources in early childhood education, this study evaluated whether a four-session intervention using a linear number board game, designed to
foster early mathematical development in preschool children aged around 6 years would lead to significantly more pronounced early mathematical
development compared to a business as usual control group und thus behave similarly to a longer six-session intervention using the same game.
Mathematical development was considered in terms of progressions, stagnations, and regressions across levels of early mathematical development as
assessed by a standardized test of early mathematical skills. Results indicated that changes from pre- to post-test differed significantly across groups
with both, the groups completing four or six game sessions presenting with significantly more pronounced mathematical development compared to
the control group. In particular, the six-session group yielded the most progressions, followed by the four-session group, and the control group. At
the same time, significantly more stagnations were observed for the control group, while regressions to lower levels of mathematical development
were minimal for all three groups. These results substantiate that regular engagement with linear number board games can effectively facilitate early
mathematical development before school entry, offering a practical and accessible educational tool in early childhood education.

Game-based approaches, and especially board games seem promising in promoting the development of mathematical skills in early
childhood (e.g., Gasteiger & Moeller, 2021; Herzog & Fritz, 2022). For instance, Berner et al. (2024) found that playing a linear number
board game six times over a period of two weeks facilitated the development of early mathematical skills significantly. Others reported
similar effects for similarly intense (six sessions, e.g., Elofsson et al., 2016; Ramani et al., 2012), but also longer (27 sessions e.g., Lange
etal., 2020), or shorter game-based interventions (four sessions e.g., Skillen et al., 2018; Whyte & Bull, 2008). Considering constraints
on staff, time, and other resources in early childhood education, it would thus be interesting to know more about whether a shortened
intervention may be similarly effective. Accordingly, we evaluated whether a shortened four-session version of the number board
game, as used by Berner et al. (2024) over six sessions, would still have a significantly positive effect on the development of 6-year-olds'
early mathematical skills compared to a business-as-usual control group. In the following, we first introduce the relevance of early
mathematical skills and how these can be promoted using game-based approaches, before we describe aims and details of this study.

Early mathematical skills, such as counting and cardinality understanding, were repeatedly found to significantly predict later
mathematical achievement (e.g., Gashaj et al., 2023; Koponen et al., 2019). This means that these early mathematical skills serve as
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building blocks of later more complex mathematical skills such as basic arithmetic (e.g., Hirsch et al., 2018; Jordan et al., 2009), but
also fraction understanding (e.g., Wortha et al., 2023). This hierarchical development is reflected in current models of the development
of mathematical skills. For instance, Fritz and colleagues' model of numerical concept development (2013; 2018) outlines six develop-
mental levels. Starting at around age 4 with basic counting skills (Level 1), development then advances to developing a mental number
line (Level 2) and grasping cardinality and decomposability of numbers (Level 3). Subsequently, children acquire the concept of class
inclusion and embeddedness (Level 4), which involves understanding part-whole relations (Resnick, 1983), before they understand
differences and thus relationality between numbers (Level 5). Finally, children master bundling and unbundling of numbers (Level 6)
thereby understanding that numbers can be composed of equally large subsets as a starting point for multiplicative reasoning about
numbers (Fritz et al., 2013).

As suggested by Fritz et al. (2018), the majority of children should have developed to Level 2 around 6 months before starting first
grade. In Germany, this corresponds to an age of around 6 years, when children typically attend childcare facilities referred to as
'Kindergarten' before they start primary school. Failing to master the respective early mathematical skills before starting school may
lead to difficulties with acquiring more complex mathematical skills or even to the development of mathematical learning difficulties
(e.g., Krajewski, 2008). Furthermore, when no specific intervention is provided, inter-individual differences observed at school entry
were found to remain stable or even increase over subsequent school years (Bakker et al., 2023; Morgan et al., 2011; Stern, 2009; Watts
et al., 2014). Taken together, this highlights the need to promote early mathematical skills effectively even before school entry, for
example through game-based approaches.

Game-based approaches to promote early mathematical skills before school entry have repeatedly been proven effective and to
have significantly positive effects (e.g., Cohrssen & Niklas, 2019; Herzog & Fritz, 2022; Jorns et al., 2014; Laski & Siegler, 2014; Seeger
et al., 2018). Importantly, previous game-based interventions were implemented in very different ways. Some studies created or
modified existing games (Hauser et al., 2014; Jorns et al., 2013; Lange et al., 2020; Ramani et al., 2012), while others incorporated
picture books (Seeger et al., 2018) or used commercially available games (e.g., Gasteiger & Moeller, 2021). In particular, recent
evidence identified playing linear number board games as being effective (Elofsson et al., 2016; Lange et al., 2020; Laski & Siegler, 2014;
Ramani et al., 2012; Skillen et al., 2018; Whyte & Bull, 2008). These games typically resemble commercial board games like Snakes
and Ladders that also use a linear layout of the game board. That is, they have squares of uniform size arranged in a continuous and
consecutive way, reflecting a physical realization of the mental number line (Siegler & Ramani, 2009). This way, they provide op-
portunities to practice early mathematical skills such as counting and cardinality understanding.

One such game is House of Numbers-20, which consists of a board with 20 numbered squares, called “doors” because they represent
the doors to the houses the respective numbers live in. The goal of the game is for each player to role a 10-sided die (marked with the
Arabic digits 1 to 5, each appearing twice) during their turn, move their pawn along the board according to the number shown on the
die face and reach the finish first. To move the pawn, players use the count-on rule (Laski & Siegler, 2014). For example, when a
player’s pawn is standing on the square number 3 and they roll a 2, they say: “I have rolled a 2. I can therefore walk past door four to
door five. So, I walked on two doors from door three”. The game also features action cards children need to draw when their pawn
stands on specific squares. These cards provide additional tasks, which target specific early mathematical skills (e.g., players have to
count fish shown on the card). Berner et al. (2024) found that playing this game for six game sessions led to significant increases in
early mathematical skills of 6-year-olds - in particular related to early mathematical skills associated with Level 3 of the model by Fritz
et al., (2013; 2018) described above.

However, a closer look at the constraints of early childhood education indicates that childcare facilities often have limited staff and
time resources (Bock-Famulla et al., 2023a; 2023b), which may restrict the implementation of lengthy intervention programmes.
Accordingly, there is interest in and need for effective and resource-efficient interventions to facilitate early mathematical develop-
ment. Previous game-based interventions for early mathematical skills differed considerably with respect to their time demands in
particular, ranging from four (e.g., Skillen et al., 2018; Whyte & Bull, 2008) to 27 (e.g., Lange et al., 2020) small-group sessions lasting
between 10 and 30 minutes (Elofsson et al., 2016; Gasteiger & Moeller, 2021; Lange et al., 2020; Laski & Siegler, 2014; Ramani et al.,
2012; Skillen et al., 2018; Whyte & Bull, 2008). Nevertheless, to our knowledge, there is hardly any evidence evaluating the effec-
tiveness of successful game-based interventions when reduced in length. For instance, it is unclear whether a shorter intervention using
House of Numbers-20 would still facilitate the development of early mathematical skills. Therefore, the present study aimed to evaluate
whether playing House of Numbers-20 only four instead of six sessions would still lead to significantly more pronounced development of
early mathematical skills compared to a business-as-usual control group and thus yield similar positive effect as previously observed
for the six-session intervention. Additionally, most previous studies compared the development of early mathematical skills in terms of
differences based on pre- and post-intervention scores on selected mathematical skills (e.g., counting in Elofsson et al., 2016; Lange
2020; Ramani et al., 2012; Skillen et al., 2018; Whyte & Bull, 2008 or magnitude understanding in Lange et al., 2020; Ramani et al.,
2012; Skillen et al., 2018; Whyte & Bull, 2008). However, this was mostly not aligned with or did reflect progression through levels of a
model of early mathematical development such as the one described above by Fritz et al., (2013; 2018). Therefore, we were specifically
interested in evaluating whether children completing a shorter game-based intervention showed a similar or differing pattern of
progression to the next level, stagnation on the same level or regression to an earlier level of early mathematical development
compared to children completing a longer game-based intervention and a business-as-usual control group.

1. The present study

In particular, this study set off to evaluate whether completing four game sessions with the number board game House of Numbers-
20, would yield a different patterns of progression, stagnation, and regression of children’s level of early mathematical development
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according to the model of Fritz et al., (2013; 2018) when contrasted to a business-as-usual control group similar to what would be
expected for completing six game sessions of the same game. In case a shorter intervention with House of Numbers-20 would also be
effective in promoting children’s early mathematical development, we would expect a significant difference of the pattern of pro-
gressions, stagnations and regressions across levels of early mathematical development (with more progression in particular)
compared to the control group.

2. Method
2.1. Sample

The sample consisted of 208 German-speaking children (109 girls, 99 boys, mean age 6.04 years, SDqg = 0.38, in the year before
school entry) recruited from 31 childcare facilities in southern Germany. The study was approved by the research university ethics
committee. Participation was voluntary. Parents provided written informed consent and demographic data before the start of the
study. Children had to give verbal assent to participate in each session of the study.

All children were randomly assigned to one of three groups. The six-game-session group included n = 56 children (28 girls, 28 boys,
mean age 6.01 years, SDqg = 0.37 months), the four-game-session group n = 79 children (40 girls, 39 boys, mean age 6.07 years, SDgg,
= 0.40), and the control group n = 73 children (41 girls, 32 boys, mean age 6.03 years, SDqg. = 0.37). We aimed for comparable group
sizes, but organizational matters, such as illness, led to fewer participants in the six-session group.

2.2. Materials

2.2.1. Assessment of early mathematical skills

The standardized, commercially available test Mathematik- und Rechenkonzepte im Vorschulalter-Diagnose [Preschool mathematics
and numeracy concepts — Diagnosis] (MARKO-D; Garrote & Opitz, 2021; Ricken et al., 2013) was used to assess children’s early
mathematical skills. This test is available in German, Englisch, Spanish, and several South African languages. It includes 55 items
assessing the first five levels of the model by Fritz et al., (2013; 2018), which describe typical early mathematical development before
school entry. The experimenter marks each test item as correct or incorrect and awards one point for each correctly solved item.
Cronbach’s alpha for the total score, calculated from the sum of correct answers, was excellent at both measurement times (.90 at
pre-test and .91 at post-test). According to the test manual, the total score can be used to assign children to their respective devel-
opmental levels according to the model. That means, for instance, when a child is placed on Level 3, it is assumed that they already
mastered all lower levels.

2.2.2. Game-based training of early mathematical skills

The number board game House of Numbers-20 (Berner et al., 2024; Berner et al., 2021) was used to train early mathematical skills.
During game sessions, an experimenter played the game with a small group of two to three children for about 20 minutes. This study
used a version of the game based on the model by Fritz et al., (2013; 2018). Specific early mathematical skills matching the levels of
this model were addressed through the interaction of children with various game elements. For instance, children practiced counting
by naming the squares their pawn stepped on using the count-on rule (Level 1). Their number line representation was addressed by
interacting with the linear layout of numbers on the board (Level 2). Moreover, children had to associate magnitudes with the
respective Arabic digit on the die and the verbal number word when moving their pawn (Level 3). Aspects of part whole relations were
addressed when children considered the squares left to reach the target number in relation to those already reached (Level 4) thus
fostering understanding of the relationality of numbers (Level 5). Additionally, tasks provided on the action cards were specifically
designed to target the first three levels of the model.

2.3. Procedure

Data was collected in three waves from 2022 to 2024, starting each spring. Each wave included two intervention groups and a
business-as-usual control group. Six as well as four game sessions with the House of Numbers-20 were completed within a period of
approximately two weeks. During the same time, the control group received no intervention beyond activities done in their respective
childcare facility. Individual mathematical skills of all participating children were assessed before (pre-test) and after (post-test) the
game sessions. Testing and game sessions were conducted in separate rooms during regular operating hours at their childcare facilities.

2.4. Analytic strategy

To compare mathematical development between the three groups, we first computed total scores for the MARKO-D as described in
the test manual. Through their total score each child (at pre- and at post-test) was assigned to one of the five developmental levels
assessed by the MARKO-D. We then ran a chi-squared test using SPSS 29.0.2.0 (IBM Corp, 2023) to evaluate whether patterns of level
changes (i.e., progressions vs. stagnations vs. regressions) between measurement points were distributed evenly between the three
groups.
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3. Results

At pre-test, most of the children had already achieved Levels 3, 4, and 5 according to the developmental model of Fritz et al., (2013;
2018; see Fig. 1).

Overall, all groups showed an increase in their math performance over time (see Table 1). The chi-squared test indicated a sig-
nificant association between change patterns (progression vs. stagnation vs. regression) and groups (six-session vs. four-session vs.
control), ¥ (4) = 24.32, p < .001, reflecting a medium-size effect, Cramér’s V = .24. In particular, and as evident from the contingency
table (see Table 2), 69.6 % of the children within the group participating in six game sessions advanced to a higher developmental level
according to the model of Fritz et al., (2013; 2018). By contrast, 50.6 % of the children completing four game sessions and only 27.4 %
of children in the control group advanced to a higher level. As Table 2 indicates, most stagnations were noticed within the control
group, whereas, there were only few regressions across all three groups.

To evaluate potential associations between the patterns of progressions, stagnations, and regressions between either two groups (i.
e., six-session vs. control, four-session vs. control, and six-session vs. four-session) more directly, we reran the chi-squared test for each
of these pairwise combinations. Results showed a significant association between patterns of change and group when differentiating
between the six-game-session and the control group x2 (2) = 23.88, p < .001, reflecting a large-size effect Cramér’s V = .43, as well as
between the four-game-session and the control group y? (2) = 8.57, p = .014, with a medium-size effect Cramér’s V = .24. In both
cases, significantly more progressions were observed for the group completing the game-based training. In contrast, there was no
significant association between patterns of change and the two intervention groups x2 (2) = 5.95, p = .051, Cramér’s V = .21, although
there was a tendency towards more progressions in the six-game-session group.

4. Discussion

The aim of this study was to evaluate whether a shortened game-based intervention using House of Numbers-20 would still yield
significantly more pronounced facilitation of early mathematical development compared to a business-as-usual control group and thus
behave similarly to a longer intervention using the same game (e.g., Berner et al., 2024). If so, this should be reflected by more
progressions to higher levels of early mathematical development according to the model by Fritz et al., (2013; 2018) - instead of
stagnations at the same level or regressions to an earlier level of mathematical development.

Our results substantiated that patterns of changes in developmental levels between pre- and post-test were not independent from
participant group. In particular, they clearly indicated significantly more progressions for the six-session and four-session group
compared to the control group. At the same time, most stagnations at the same level were observed within the control group while the
number of regressions to earlier levels of mathematical development were only minimal in all three groups.

Our findings thus reflect that children who completed four game sessions still showed significantly more progressions than the
control group but in tendency less compared to the group completing six game sessions. At the same time, the six-game-sessions group
showed a clear developing advantage, compared to the control group. This suggests that playing even just four times with a linear
number board game, such as House of Numbers-20, still led to a significant advantage for early mathematical development compared to
not playing at all. However, presumably, spending more time (six times) playing the game allowed children to benefit more from its
features (e.g., linear board, count-on rule), as well as from the collaborative learning atmosphere with their peers and the adult
facilitator. Nevertheless, it is worth noting that children generally benefitted from receiving more training.

4.1. Limitations and future directions

Certain limitations should be considered when interpreting these results. First, there was no follow-up assessment to evaluate the
sustainability of effects of the game-based training. In fact, children who participated in the game-based intervention may continue to
benefit from it beyond the end of the intervention itself. As such, future studies employing longitudinal design are needed to better
understand this aspect. Additionally, larger sample sizes of the individual groups would improve reliability and generalizability of the
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Fig. 1. Distribution of Children Across Developmental Levels at Pre-test.
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Table 1
Level assignment at pre- and post-test.
Pre-test Post-test
Group Assignment n % n %
Six sessions Level 1 4 7.14 0 0.00
Level 2 7 12.50 8 14.29
Level 3 21 37.50 9 16.07
Level 4 22 39.29 18 32.14
Level 5 2 3.57 21 37.50
Four sessions Level 1 2 2.53 2 2.53
Level 2 13 16.46 7 8.86
Level 3 21 26.58 15 18.99
Level 4 25 31.65 16 20.25
Level 5 18 22.78 39 49.37
Control Level 1 4 5.48 2 2.74
Level 2 10 13.70 10 13.70
Level 3 16 21.92 12 16.44
Level 4 20 27.40 20 27.40
Level 5 23 31.51 29 39.73
Full sample Level 1 10 4.81 4 1.92
Level 2 30 14.42 25 12.02
Level 3 58 27.88 36 17.31
Level 4 67 32.21 54 25.96
Level 5 43 20.67 89 42.79
Table 2
Contingency table of change patterns between pre-test and post-test for each group.
Six sessions Four sessions Control Total sample
n % Exp. n n % Exp. n n % Exp. n n % Exp. n
Progression 39 69.6 26.7 40 50.6 37.6 20 27.4 34.8 99 47.6 99.0
Stagnation 14 25.0 26.7 36 45.6 37.6 49 67.1 34.8 99 47.6 99.0
Regression 3 5.4 2.7 3 3.8 3.8 4 5.5 3.5 10 4.8 10.0
Total 56 100 56 79 100 79 73 100 73 208 100 208

Note. Exp. n = Expected n

findings. Furthermore, individual variables, such as general cognitive abilities, phonological awareness, working memory and others
which were not considered in the current study, may also affect the development of early mathematical skills (Amland et al., 2025; De
Vita et al., 2022; Traff et al., 2020). Future studies should therefore include these when possible to allow a more comprehensive
evaluation.

A general limitation of group activities, such as playing board games, is the variability in individual experiences. While House of
Numbers-20 allows comparable participation through turn-taking, some children may nevertheless experience different degrees of
benefit, which is challenging to control for. Additionally, this study utilized an analog board game. In light of the need for time- and
resource-efficient ways to support early mathematical development and given the availability, effectiveness and ease of access to
numerous digital interventions aimed at facilitating early mathematical development (e.g., Kiili et al., 2018; Niklas et al., 2025;
Papadakis et al., 2018), it would be interesting to evaluate effects of digital number games, such as the digital House of Numbers-20
(Berner et al., 2022), with different training length compared to analogue board games.

5. Conclusion

Taken together, latest research emphasizes the importance of fostering early mathematical skills even before school entry (Gashaj
et al., 2023; Koponen et al., 2019). Game-based approaches such as linear board games have been found to be an effective way of
promoting these skills (Berner et al., 2024; Berner et al., 2021; Gasteiger & Moeller, 2021; Siegler & Ramani, 2009). However, con-
straints on time and staff resources make short, time-efficient interventions preferable. Therefore, we evaluated whether a shortened
version of the effective House of Numbers-20 intervention (Berner et al., 2024) still yields significantly more pronounced facilitation of
early mathematical development regarding patterns of progressions, stagnations, and regressions across levels of the model of Fritz
et al., (2013; 2018). Our results substantiated the effectiveness of the game in terms of eliciting significantly more progressions to
higher levels of early mathematical development: more children progressed to higher levels of early mathematical development the
more they played House of Numbers-20. These findings substantiate that playing linear board games, such as House of Numbers-20,
regularly may be a low threshold approach to facilitating early mathematical skills in early childhood education.
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