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ABSTRACT

Game-based learning approaches are effective to facilitate mathema-
tical learning in early years. Given constraints on staff time, this
research paper investigated whether a four-session intervention with
a linear board game designed to promote mathematical skills of pre-
school children led to learning outcomes comparable to a longer six-
session intervention with the same game. In total, 208 6-year-old
German children were randomly assigned to three groups (six game
sessions, four game sessions, control). Results indicated that the six-
session group achieved significantly larger learning gains in more
complex mathematical skills, such as understanding cardinality and
the part-whole concept, than the four-session and control group. No
significant difference was present between learning gains of the four-
session and the control group. These findings suggest that the shorter
implementation of the linear board game did not seem to offer
sufficient opportunities to train mathematical skills beyond those
needed to play the game properly. As such, it is important to ensure
enough play time to effectively facilitate early mathematical learning.

1. Introduction

Promoting the development of mathematical skills in early childhood has increasingly
become a focus for educators, policy makers, and curricula in many countries (e.g.,
Bayerisches Staatsministerium fiir Familie, Arbeit und Soziales, & Staatsinstitut fiir
Frithpadagogik und Medienkompetenz, 2024; National Association for the Education of
Young Children & National Council of Teachers of Mathematics, 2002). In this context,
game-based approaches, and especially board games, seem to be very promising (Fisher
et al., 2013; Gasteiger & Moeller, 2021; Herzog & Fritz, 2022; Ramani & Scalise, 2020; Scalise
et al., 2022; Skillen, Berner, & Seitz-Stein, 2018). For instance, Berner et al. (2024) found that
playing a board game six times over a period of about 2 weeks had a significant positive
effect on children’s acquisition of early mathematical skills such as cardinality understand-
ing. Considering demands on time- and resource-efficient interventions for preschool
settings (Bock-Famulla et al., 2023a, 2023b), this study explores whether a shorter four-ses-
sion version of the board game may also be effective in promoting children’s early
mathematical skills.
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In the following, we first present relevant theoretical background on the develop-
ment of mathematical skills. Then we discuss the importance of promoting early
mathematical skills before we elaborate on how to promote these skills using game-
based approaches. After that, we specify our research question on the effectiveness of
a shorter intervention using the above-mentioned board game for learning early
mathematical skills.

1.1. The development of mathematical skills

Different theoretical models describe mathematical development as hierarchical and dis-
continuous (Fritz et al., 2018; Krajewski & Schneider, 2009). For example, the model by
Fritz et al. (2013, 2018) proposes mathematical development occurs across six levels, with
a focus on the development between 4 and 8 years of age. It starts with level 1, reflecting the
acquisition of counting skills. At level 2, the mental number line representation develops
(Resnick, 1983), upon which numbers are arranged in order of increasing quantity. At level
3, children grasp the cardinality of numbers, which means that they understand that
a number word also represents a specific quantity of elements. This understanding of
numbers as cardinal entities is expanded to include the idea that numbers can be composed
of entities and broken down into them. At level 4, children can understand that a number is
made up of individual elements that can also be broken down in different ways (i.e., part-
whole understanding; Resnick, 1983). At level 5, children are able to not only compare
magnitudes, but also to determine differences between magnitudes, which indicates that
they develop an understanding of relationality between numbers. Finally, at level 6 they
understand that numbers can be a composition of equally large subsets and thus start
developing a multiplicative understanding of numbers (i.e., aspects of bundling and
unbundling, e.g., eight consists of two bundles of four and thus “Two times four makes
eight”; Fritz et al., 2013).

According to Fritz et al. (2013), the levels of the model are assumed to be hierarchical,
meaning that when a child masters level 3 of the model, it is assumed that lower levels have
been mastered as well. However, Fritz et al. (2018) also argued that progression within the
model is not a strict one-directional process, with mathematical skills being acquired in
a strictly hierarchical way. Instead, the development of early mathematical skills is argued to
progress in an overlapping waves-like manner (Siegler, 1998). Accordingly, a child may
demonstrate different levels of mathematical skills in tasks of varying difficulty or complex-
ity at the same time (Fritz et al., 2018).

1.2. The relevance of promoting early mathematical skills in preschool years

Early mathematical skills, such as counting and cardinality understanding, were repeatedly
found to significantly predict later academic achievement (e.g., Gashaj et al., 2023; Koponen
et al., 2019; Nogues & Dorneles, 2021; Traff et al., 2023). As such, early mathematical skills
are considered domain-specific precursors of later more complex mathematical skills such
as arithmetic (e.g., Hirsch et al., 2018; Jordan et al., 2009). Accordingly, not adequately
mastering such early mathematical skills and concepts before school entry can lead to
difficulties with acquiring more complex mathematical skills and concepts (e.g., learning
disabilities in mathematics, such as dyscalculia; Krajewski, 2008).
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At the same time, numerous studies indicated considerable heterogeneity in early
mathematical skills already before school entry (Anders et al., 2013; Bakker et al., 2023;
Devlin et al., 2024). These inter-individual differences seem to be stable or even increase
over subsequent school years (Bakker et al., 2023; Morgan et al., 2011; Stern, 2009; Watts
et al., 2014) when no specific intervention is provided. This seems to be due to the
hierarchical nature of mathematics as a subject with new skills and concepts to be learned
building on previously acquired ones (Aunola et al., 2004; Cahoon et al., 2021; Garon-
Carrier et al., 2018; Jordan et al., 2007; Morgan et al., 2011; Park & Esposito, 2022), a pattern
similar to the Matthew effect in reading (Bast & Reitsma, 1997). Consequently, students
with better early mathematical skills at school entry typically show faster progression in
acquiring new skills and concepts, whereas children with poorer skills at school entry will
develop new skills and concepts more slowly and may thus fall (further) behind. In fact,
these children may catch up when they receive additional support — which may be in the
form of game-based approaches (Jorns et al., 2014).

Apart from domain-specific, prior research also evaluated interventions targeting
domain-general skills to promote early mathematical development. For instance, a set of
studies investigated effects of interventions fostering spatial skills, such as mental rotation
(e.g., Bower et al., 2025; Gilligan et al., 2020; Mix et al., 2021; Zhang & Gunderson, 2025; for
a meta-analysis see also Hawes et al., 2022), or working memory (Ramani et al., 2017, 2020)
on children’s early mathematical skills. Overall, results seem promising showing some
transfer effects to mathematical skills. Nevertheless, intervention effects on mathematical
skills were generally smaller than when domain-specific mathematical skills were trained.
Accordingly, the present study focused on a domain-specific intervention, utilizing game-
based approaches to promote early mathematical skills.

1.3. Game-based approaches to promote early mathematical skills

There is accumulating evidence that game-based approaches to promote early mathematical
skills before school entry are effective and can have sustainable effects (e.g., Cohrssen &
Niklas, 2019; Herzog & Fritz, 2022; J6rns et al., 2014; Laski & Siegler, 2014; Seeger et al.,
2018; Vogt et al., 2018). Importantly, such game-based approaches commonly follow ideas
of guided play, which comes with several advantages. First, these approaches are typically
characterized by a structured setup led by an adult, but driven by children, and incorporat-
ing clear learning goals (Weisberg et al., 2013). Furthermore, they typically offer scaffolding
and keep participating children engaged in actively manipulating and processing mathe-
matical information (Nesbitt et al., 2023; Seeger et al., 2018; Skene et al., 2022; Zosh et al.,
2018). Also, game play situations often can initiate co-constructive and communicative
processes, in which children maintain attention on mathematical concepts, link new
mathematical concepts to previously acquired ones, and start transferring skills and con-
cepts to everyday life situations (Fthenakis, 2009; Nesbitt et al., 2023; Skene et al., 2022; Zosh
et al,, 2018).

Interestingly, however, previous game-based mathematical interventions were realized
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; Vogt et al., 2018), while
others supplemented games by working with picture books (Hassinger-Das et al., 2015;
Seeger et al., 2018; see also Purpura et al., 2024, 2021 for interventions using storybooks
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only) and rhymes (Young-Loveridge, 2004) and, in some cases, commercially available
games were used (Gasteiger, 2015; Gasteiger & Moeller, 2021). In many cases, linear
number board games were used. For example, Ramani and Siegler (2008) had children
play a linear number board game for four game sessions. In comparison to a color-based
board game, children playing the linear number board game presented significantly
more pronounced improvements in counting, number line estimation, numerical mag-
nitude comparison, and numerical identification. Whyte and Bull (2008) found compar-
able results after running a number board game intervention over four game sessions in
small groups. In particular, they compared a group playing a linear number board game
to a group playing a number card game and a group playing a linear color board game.
They observed that both groups playing number games showed significantly stronger
improvements in their counting abilities, magnitude understanding, and ability to
recognize and name Arabic symbols. However, only those playing the linear number
board game showed significantly more pronounced improvement in number line esti-
mation. This indicates that the linear spatial layout of the game probably supported the
numerical estimation accuracy.

Generally speaking, prior empirical evidence suggests that playing linear number board
games seems particularly promising in facilitating the development of early mathematical
skills (Elofsson et al., 2016; Lange et al., 2020; Laski & Siegler, 2014; Ramani & Siegler, 2008;
Ramani et al., 2012; Skillen, Berner, & Seitz-Stein, 2018; Skillen, Berner, Ricken, et al., 2018;
Whyte & Bull, 2008). Linear number board games, such as the House of Numbers (Skillen,
Berner, & Seitz-Stein, 2018), provide players with multiple correlated cues relating to
numerical magnitude. These include visuospatial, temporal, kinesthetic, and/or verbal
cues, which help players establish their mental representation of numerical magnitudes
(Siegler & Booth, 2004).

1.3.1. The House of Numbers-20

Comparable to the commercial board game Snakes and Ladders, House of Numbers-20
(Berner et al.,, 2022, 2024) is characterized by having uniformly sized squares arranged in
a continuous and consecutively numbered way covering the number range up to 20 (see
Figure 1). The aim of the game is for each player to move along all squares on the House of
Numbers-20 board and reach the finish first. To do so, each player has to roll a 10-sided die
during their turn and move their pawn along the board according to the number shown on
the die face. The die is marked with the Arabic digits one to five, with each digit appearing
twice across the ten sides.

Moving along the board employs the count-on rule (Laski & Siegler, 2014). According to
this rule, rather than starting at one and counting upward for each step when moving their
pawn, players must name the numbers on the respective squares of the board as they move
along them (see also Game-based training of early mathematical skills). By requiring players
to move their pawn along the board using specific counting strategies, such as the count-on
rule, games like House of Numbers-20 offer numerous clues that facilitate deeper compre-
hension of the sequence and magnitudes of the numbers presented (e.g., Laski & Siegler,
2014; Siegler & Ramani, 2009).

As with many board games, House of Numbers-20 includes some further special features.
For instance, there are three dedicated squares on the board (i.e., 9, 12, and 18). When
players land on or move over these squares, they have to pick an action card and solve the
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Figure 1. The game board of the game House of Numbers-20. Note. The lower part of the board features
the house with the numbers living behind each door. The upper part of the board is designated for the
stacks of action cards, which players draw from whenever they land on or pass over the designated
squares numbered 9, 12, and 18.

The number on the car's license plate
is [16]. What is the number that is one
less than [16]7

Figure 2. Example of an action card from the game House of Numbers-20.

mathematical problem given on the card (e.g., they see a picture of some fish and have to
count the fish; see also Figure 2 and Berner et al., 2022 for more details).

The version of House of Numbers-20 used in this study builds on the model of the
development of numerical concepts by Fritz et al. (2013; see also Skillen, Berner, & Seitz-
Stein, 2018). Playing House of Numbers-20 addresses early mathematical skills mainly
associated with the first three levels of this model through the interaction with game
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elements such as the linear board, the Arabic digit die, the count-on rule, and the additional
problems posed by respective action cards. In particular, as children move their pawn along
the game board, they must recite the numbers on the squares. In particular, counting on
squares using the count-on rule and counting out specific quantities according to a quest on
an action card address mathematical skills referred to level 1 of the model by Fritz et al.
(2018).

The linear layout of the squares on the board further supports the development of
a number line representation (level 2). This is to promote children’s understanding
that each number denotes a position on a linear continuum, upon which each
position is linked by a “successor” or “next” relationship and a directional marker
on the continuum indicating that later positions reflect larger numbers (Resnick,
1983).

Moreover, as children need to read the die, they learn to associate respective magnitude
information with Arabic digits and verbal number words when they establish how far to
move their token along the board. This promotes their understanding of cardinality
(level 3). Additionally, when children start understanding and keep track of how many
squares there are left until they reach the number indicated on the die, they acquire the idea
of decomposing numbers into smaller ones (level 3).

As suggested by Fritz et al. (2018), the majority of children should be developing through
level 2 (i.e., mental number line) about half a year before the start of first grade. In Germany,
this corresponds to an age of around 6 years, at which children typically attend childcare
facilities called “Kindergarten” right before they start primary school. At around the same
age, a smaller number of children would have reached level 1 (counting) only or level 3
(understanding cardinality and decomposability) already. Accordingly, the current inter-
vention specifically targeted early mathematical skills associated with the first three levels of
the model by Fritz et al. (2013, 2018) through game-play actions including action cards.

1.4. An economical and nuanced linear board game approach

Previous studies have demonstrated the effectiveness of House of Numbers-20 for small
group settings (Berner et al., 2022, 2024). Children who completed six game sessions of
approximately 10 to 20 minutes each showed significant learning gains in skills associated
with levels 3, 4, and 5 of the model by Fritz et al. (2013, 2018) compared to
a business-as-usual control group (Berner et al., 2024). In particular, results indicated that
children understood the concepts of cardinality and decomposability (level 3), part-whole
relations (level 4), and the relationality between numbers (level 5) significantly better after
completing the game intervention. The observed learning gains for early mathematical skills
associated with levels 4 and 5 of the model by Fritz et al. (2013, 2018) are specifically
interesting as these improvements seem to reflect some sort of transfer-like effects to skills
and concepts not directly addressed in the game play. Nevertheless, it is well conceivable
how these skills may develop implicitly while playing the game for longer and having
mastered more basic skills required for playing the game. For instance, when a child rolls
a 5, it might recognize that there are two squares to move before arriving at the designated
square, and three more squares to travel after that, until reaching the final square for their
turn (level 4). Accordingly, a child may also determine and understand that it stands two
squares ahead with its red token compared to the blue token of another player (level 5).
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Importantly, however, the primary factor limiting specific interventions in childcare
facilities typically comes down to staffing and related time constraints (e.g., Bock-Famulla
et al.,, 2023a, 2023b). This situation highlights the need for time- and resource-efficient
interventions. As regards game-based interventions for early mathematical skills, previous
studies implemented board game interventions of varying lengths, ranging from four to 27
small group sessions, each 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, Berner, Ricken, et al., 2018; Whyte & Bull, 2008). In addition, prior studies that have
used linear number board game interventions in four sessions either played them indivi-
dually (Laski & Siegler, 2014; Ramani & Siegler, 2008) or used games with gradually
increasing levels of difficulty (Whyte & Bull, 2008). However, there is hardly any evidence
comparing the effectiveness of a successful game-based intervention for different training
lengths. For example, it is not yet clear whether a shorter intervention using House of
Numbers-20 would still yield significant learning gains or not. Hence, the present study set
off to evaluate whether an intervention with only four sessions of playing House of
Numbers-20 yields learning gains comparable to the six game sessions.

1.5. The present study

Taken together, accumulating evidence indicates that early mathematical skills are essential
for further academic progression. Furthermore, their early promotion applying game-based
approaches was found effective, in particular when playing (linear) board games, such as
House of Numbers-20. However, considering time and resource constraints in childcare
facilities, the current study aimed at evaluating whether a shortened intervention with only
four game sessions would still yield significant learning gains compared to a six-session
game intervention and a business-as-usual control group. In line with the results of Berner
et al. (2024), we expected (1) significant improvements primarily for early mathematical
skills directly addressed in the game such as understanding cardinality and decomposability
(level 3) as these need to be mastered to successfully play the game. (2) With respect to
learning gains for more advanced early mathematical skills only implicitly addressed in the
game such as part-whole relations (level 4), and relationality between numbers (level 5), it
might be that the shorter four-session game intervention may not yield learning gains
comparable to the six-session version as such transfer-like effects may take longer to
establish.

2. Method
2.1. Participants

To participate in the study, children had to have a sufficient understanding of German to
guarantee test comprehension. One child was directly excluded from the study due to
insufficient language skills identified through difficulties in understanding the instructions
during pretest. A total of 226 children participated in this study. Data of 14 children (6.19%)
had to be excluded as these children missed the posttest — primarily because of illness or
being on vacation. Data of another four children were excluded from analyses because they
did not participate in the respective number of game sessions. Thus, the final sample of this
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study consisted of 208 children (109 girls, 99 boys, mean age 6.04 years, SD ¢, = 0.38, in their
last year before school entry). Children were recruited from 31 childcare facilities in
southern Germany. The study considered ethical guidelines of the American
Psychological Association (APA) and the German Psychological Society (DGPs) and was
approved by the research university ethic committee. Participation was voluntary and only
children whose parents provided written informed consent before the start of the study and
who themselves gave verbal consent before each session of the study were considered. Data
on the children’s age and sex were collected through a short questionnaire, which was
included in the written informed consent form completed by parents.

Our intention was to randomly assign all participating children in each childcare facility
to one of three groups, with all three groups represented in each childcare facility, across the
three waves of data collection. However, due to organizational reasons (e.g., dropping-out
of childcare facilities, availability of childcare facilities on restricted days of the week, partly
restricted number of experimenters available, no-shows of children due to sickness or
family reasons) this was not possible. Therefore, we arranged to have at least one interven-
tion group (comprising either four or six game sessions) and one control group in each
childcare facility. Accordingly, children in each participating childcare facility were ran-
domly assigned to either an intervention or a control group, with children from different
classrooms within the same childcare facility being mixed into the two conditions. This led
to the six-session group ultimately having fewer participants than the other two groups and
children being randomized into conditions at the childcare facility level. That means, in
each childcare facility children among classrooms were mixed into one intervention (either
four or six game sessions) and one control group. The group that participated in six game
sessions included 56 children (28 girls, 28 boys, mean age 6.01 years, SD g, = 0.37 months).
The group that participated in four game sessions involved 79 children (40 girls, 39 boys,
mean age 6.07 years, SD,,. = 0.40). And the control group consisted of 73 children (41 girls,

32 boys, mean age 6.03 years, SD,, = 0.37).

2.2. Materials

2.2.1. Assessment of early mathematical skills

Children’s early mathematical skills were assessed by the standardized test Mathematik-
und Rechenkonzepte im Vorschulalter-Diagnose [Preschool mathematics and numeracy
concepts — Diagnosis] (MARKO-D; Garrote & Opitz, 2021; Ricken et al,, 2013). The test
consists of 55 items, which are presented in a fixed order and vary in difficulty. These tasks
are framed in an age-appropriate narrative featuring two squirrels named Ben and Lisa.
Each item is assigned to one of the first five levels of the model by Fritz et al. (2013). The
experimenter marks each item as completed correctly or not and awards one point for each
correctly solved item. The sum of all correctly solved items reflects the total score. This total
score allows for comparison with the respective age group using standardized norms
available for different age groups in six-month intervals.

In this study, in addition to calculating and considering the total score for our analyses,
we also grouped items associated with specific levels to create subscores for each of the five
levels (see Table 1 for number of items at each level). Cronbach’s alpha for the total score in
this study was .90 at the first measurement time point (between .68 and .79 on subscale
level) and .91 at the second (between .64 and .82 on subscale level).
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Table 1. Statistical details for group differences in performance gains between pre and posttest separated
for groups and levels of the model by Fritz et al. (2013) as well as the total score.

Pretest Posttest
Level N of items F npz Group M (SD) M (SD) Gainscore t df p  Cohensd
Level 1 16 8.44*** (076 Six games  13.59(2.21) 13.46 (1.31) -0.13 0.67 55 507 0.09

Four games 14.89 (1.48) 15.29 (1.49) 0.41 2,66 78 .010 0.30
Control 14.81 (2.20) 15.05 (1.52) 0.25 147 72 145 0.17
Level 2 10 0.79 008 Six games  7.79 (2.15) 8.16 (1.89) 038 169 55 .09 0.23

Four games 7.62 (2.37) 8.20 (1.86) 0.58 286 78 .005 0.32
Control 7.27 2.60) 8.15(2.11) 0.88 399 72 <.001 0.47
Level 3 12 0.22 .002 Six games 7.20 (2.71) 9.3 (2.32) 1.93 8.47 55 <.001 1.13
Four games 7.43 (2.59) 8.61 (3.05) 1.18 464 78 <.001 0.52
Control 7.51(2.89) 8.18 (2.86) 0.67 294 72 .004 0.34
Level 4 5 4.63* 043 Sixgames  1.46 (1.43) 3.02 (1.73) 155  6.50 55 <.001 0.87
Four games 2.24 (1.62) 2.84 (1.76) 0.60 4.25 78 <.001 0.48
Control 2.19 (1.66) 2.63 (1.77) 044 306 72 .003 036
Level 5 12 3.39*%  .032 Six games 1.82 (2.05) 3.25(2.18) 1.43 5.23 55 <.001 0.70
Four games 2.87 (2.79) 3.85 (3.10) 0.98 421 78 <.001 0.47
Control 2.90 (2.81) 3.81(3.56) 0.90 376 72 <.001 0.44

Total score 55 253" 024 Six games 31.86 (7.48) 37.02 (7.47) 5.16 9.08 55 <.001 1.21
Four games 35.05 (8.20) 38.78 (8.98) 3.73 7.26 78 <.001 0.82
Control 34.68 (9.87) 37.82(9.50) 3.14 556 72 <.001 0.65

Note. F-values from ANOVA testing for group differences at pretest. *p <.10, *p < .05, **p < .01, ***p < .001. df = 2, dfg,0, =
205. Six-session group n = 56, four-session group n =79, control group n=73.

2.2.2. Game-based training of early mathematical skills

The linear board game House of Numbers-20 (Berner et al., 2022, 2024) was used to facilitate
early mathematical skills (see also The House of Numbers-20). The game board displays
a house with 20 numbered squares, where each square represents a door (see Figure 1),
embedded in a story about 20 numbers living behind these doors.

During game sessions of approximately 20 minutes each, a trained experimenter played
the game with a small group of two to three children each. As the game is played in turns, all
children participated equally in the game. In the first game session, the experimenter
introduced all game elements and rules in a standardized manner. In particular, to intro-
duce the count-on rule, players were instructed that the numbers are very happy when
players say their name whenever they walk past their door. For example, when the pawn of
a player is standing on the third door and the player rolls a 2, the player should say: “I have
rolled a 2. So, I can walk past door 4 to door 5. So, I walked on two doors from door 3.”
When it was the experimenter’s turn, the whole group was instructed to say this out loud
together. During the subsequent game sessions, the experimenter first asked the participat-
ing children whether they can still remember the rules of the game, offering support to
ensure that everyone is up to date. During each game session, the experimenter ensured that
all rules were being followed. In case a child answered an activity card question incorrectly,
the experimenter offered the child a second chance. When the child answered incorrectly
again, the next child was called upon, and this continued until the correct answer was given.

2.3. Procedure

Data was collected in three waves from 2022 to 2024, starting each spring. In each wave,
there were two intervention groups and a business-as-usual control group to which children
were assigned randomly. Children of the first intervention group completed six sessions
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playing House of Numbers-20 over a period of approximately two weeks. Children assigned
to the second intervention group completed four sessions within about two weeks playing
House of Numbers-20. The business-as-usual control group did not receive any intervention
beyond standard activities delivered at their childcare facilities during the respective period.
Mathematical skills of all participating children were assessed individually before (pretest)
and after the game sessions (posttest). All assessment and gameplay sessions took place in
separate rooms within the respective childcare facilities during regular operating hours.

2.4. Analytic strategy

We first ran preliminary analyses to check for pretest differences between the three groups
regarding age and early mathematical skills. Additionally, we checked for potential gender
differences in early mathematical skills. We then evaluated our research questions as to
whether children who participated in interventions of different lengths would differ in their
learning gains overall (considering the total math score as well as differentially for the
specific levels of numerical development according to the model by Fritz et al. (2013, 2018).

Accordingly, we conducted analyses of covariance (ANCOV As) evaluating influences of
the factor group (six game sessions, four game sessions, control) on children’s posttest
scores (as dependent variable; i.e., total score and for each subscore achieved at posttest)
while considering the score achieved at pretest as covariate (total or respective subscore).

When determining sample size, the goal was to obtain a sample at least as large as those
used in previous studies evaluating the House of Numbers-20 (i.e., 79 in Berner et al., 2022,
2024). Sensitivity analysis determined the minimum effect size that our design and sample
size was sufficiently sensitive to detect (Faul et al., 2007). The analysis indicated that with
the current sample size and an expected power of .80, an ANCOVA could reliably detect
a minimum effect of np2 =.046, which corresponds to a medium sized effect (Cohen, 1988).
All analyses in this study were run using SPSS 29.0.2.0 (IBM Corp [IBM], 2023) and
G*Power 3.1.9.7 (Faul et al., 2009).

3. Results
3.1. Preliminary analyses

The three groups did not differ significantly in age F(2, 205) = 0.53, p =.587, ,” = .005.
Additionally, gender was evenly distributed across groups x> (2) = 0.64, p =.725, V = .06.
Unexpectedly, across all groups, girls (M = 14.83, SD = 1.47) performed significantly better
than boys (M = 14.15, SD = 2.47) on level 1 tasks at pretest; #(163.01) = 2.45, p = .015, d = .34.
However, when gender was included as a covariate in each of the ANCOVA analyses, it
showed non-significant effects, and the overall results remained unchanged.

Furthermore, as displayed in Table 1, although there was no significant difference in total
math score at pretest between groups, the three groups did show significant differences at
pretest on tasks addressing levels 1, 4, and 5. In particular, as seen in Table 1, both the group
completing four game sessions and the control group scored significantly better than the
group completing six game sessions at these levels (see also Table 2 for pairwise compar-
isons). This finding suggests that differences in math performance between groups existed
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Table 2. Bonferroni-corrected pairwise comparisons of pretest scores per level addressed.

95% Cl
Level Pair Mean difference SE p Lower Upper
Level 1 Six games — four games -1.30 0.34 .001 -2.12 -0.47
Six games - control -1.22 0.35 .002 —-2.06 —-0.38
Four games - control 0.08 0.32 1.000 —-0.69 0.85
Level 2 Six games — four games 0.17 0.42 1.000 —-0.85 1.18
Six games — control 0.51 0.43 694 —-0.52 1.54
Four games — control 0.35 0.39 1.000 -0.59 1.29
Level 3 Six games - four games -0.23 0.47 1.000 -1.38 0.91
Six games — control —-0.31 0.48 1.000 -1.48 0.85
Four games — control —-0.08 0.44 1.000 -1.14 0.99
Level 4 Six games — four games —-0.78 0.28 017 -1.44 -0.11
Six games — control -0.73 0.28 .032 -1.41 —-0.05
Four games — control 0.05 0.26 1.000 -0.57 0.67
Level 5 Six games — four games -1.05 0.46 .068 -2.16 0.05
Six games - control -1.08 0.47 .063 -2.21 0.04
Four games — control —-0.03 0.43 1.000 -1.06 1.00
Total score Six games — four games -3.19 1.51 .107 —6.84 0.45
Six games — control -2.83 1.54 .201 —6.54 0.88
Four games — control 0.37 1.40 1.000 -3.02 3.75

before the intervention, substantiating the importance of controlling for this aspect in
further analyses.

3.2. Learning gains across groups

All groups showed a significant increase in their total math score over time. However,
as reflected in Table 1, the effects differed across tasks of specific levels. In particular,
only children participating in four game sessions showed a significant increase in their
performance on early mathematical skills associated with level 1 tasks (i.e., counting
related). For early mathematical skills associated with level 2 (i.e., number line
related), only children participating in four game sessions and from the control
group showed significant learning gains. In contrast, all groups showed significant
learning gains for early mathematical skills associated with the remaining higher
levels.

3.3. Learning gain differences for total score and levels

Results of separate ANCOVAs for the total score as well as individual levels indicated
differential results across levels. Please note that the following analyses compare perfor-
mance gains on respective tasks associated with individual levels of the model by Fritz et al.
(2013, 2018) between the groups completing six game sessions (n = 56), four game sessions
(n=79), and the control group (n=73). As indicated by Table 3, no significant group
differences were observed for the total score, level 2 and level 5 of the model of early
mathematical skills. In contrast, analyses indicated significant group differences in posttest
scores for early mathematical skills associated with levels 1, 3, and 4 (see Figure 3).

As shown in Table 4, Bonferroni-corrected pairwise comparisons indicated that the
group participating in six game sessions showed significantly lower posttest scores at level
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Table 3. ANCOVA results per level addressed.

Dependent variable Effect F df npz
Level 1 Group 20.34%** 2 .166
Pretest score 201.65%** 1 497
Level 2 Group 0.57 2 .006
Pretest score 173.75%** 1 460
Level 3 Group 6.07** 2 .056
Pretest score 238.65%** 1 .539
Level 4 Group 7.75%** 2 071
Pretest score 149.97*** 1 424
Level 5 Group 0.63 2 .006
Pretest score 263%** 1 .563
Total score Group 2.20 2 .021
Pretest score 591.74%** 1 744
Note. *p < .05, **p < .01, ***p < .001.df¢,,, = 204.
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Figure 3. Estimated marginal means at posttest for each group after controlling for pretest performance.
Note. Error bars represent the respective standard error of the mean (SEM).

1 compared to the group participating in four games and the control group. There was no
significant difference in posttest scores between the group participating in four game
sessions and the control group.

In contrast, at level 3, the group completing six game sessions presented significantly
higher posttest scores compared to the control group but not compared to the four-session
group. Again, there was no significant difference between the group participating in four
game sessions and the control group.

The posttest scores for mathematical skills associated with level 4 were significantly more
pronounced in children participating in six game sessions as compared to the group
participating in four game sessions and the control group. Similarly to level 3, there was
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Table 4. Bonferroni-corrected pairwise comparisons of posttest scores per level of the model by Fritz et al.
(2013) controlled for pretest scores.

95% Cl
Level Pair Mean difference SE p Lower Upper
Level 1 Six games - four games -1.15 0.19 <.001 -1.60 —-0.70
Six games — control —-0.95 0.19 <.001 -1.41 —-0.50
Four games - control 0.20 0.17 736 -0.21 0.60
Level 2 Six games — four games -0.13 0.25 1.000 -0.74 0.48
Six games - control -0.27 0.26 .868 -0.87 0.35
Four games — control -0.10 0.24 1.000 -0.71 0.43
Level 3 Six games - four games 0.70 0.33 115 -0.11 1.50
Six games — control 1.18 0.34 .002 0.36 2.00
Four games - control 0.49 0.31 351 -0.26 1.24
Level 4 Six games - four games 0.74 0.24 .006 0.17 132
Six games - control 0.93 0.24 <.001 0.33 1.50
Four games — control 0.17 0.22 1.000 -0.35 0.69
Level 5 Six games - four games 033 0.36 1.000 —-0.54 1.19
Six games — control 0.39 0.37 .853 —-0.49 1.28
Four games - control 0.07 0.33 1.000 -0.73 0.86
Total score Six games — four games 1.03 0.79 573 -0.87 2.94
Six games - control 1.68 0.80 112 -0.25 3.61
Four games — control 0.64 0.73 1.000 -1.11 2.39

no significant difference in posttest scores of level 4 between the four game sessions and the
control group.

4. Discussion

The aim of this study was to evaluate whether a board game intervention using House of
Numbers-20 would still yield significant learning gains for German 6-year-old children
when played in four as compared to six game sessions (which was observed to lead to
significant learning gains; e.g., Berner et al., 2024). Furthermore, we were interested in
whether learning gains were consistent or differed across the first five levels of mathematical
development according to the model by Fritz et al. (2013). This was of specific interest
because only the first three levels of the model (i.e., counting, number line, and cardinality
understanding) were explicitly addressed in House of Numbers-20 in that they need to be
mastered to successfully play the game.

We observed significant improvements in early mathematical skills between pre- and
posttest across both intervention as well as the control group with respect to the total math
score. However, after controlling for pretest performance, results were more differentiated
when looking at different levels of mathematical skills. In particular, both the group
participating in four game sessions and the control group had significantly more pro-
nounced learning gains than the group participating in six game sessions for early math-
ematical skills associated with level 1 (i.e., counting related). In contrast, the group that
completed six game sessions demonstrated significantly larger learning gains at level 3 (i.e.,
related to cardinality) compared to the control group and also showed larger gains than the
other two groups at level 4 (i.e., related to the part-whole concept). At the same time, there
was no significant difference between learning gains for the group participating in four
game sessions and the control group for early mathematical skills associated with any level.
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Our findings largely replicate the findings of Berner et al. (2024) for preschool children
who participated to an intervention using House of Numbers-20 similar to the present study.
In particular, children which played House of Numbers-20 for six sessions showed signifi-
cant differences in pre-to-post intervention learning gains, especially on tasks associated
with level 3 (i.e., cardinality related) when compared to a control group. This pattern of
results raises the question why the longer version of the game predominantly led to more
pronounced learning gains for early mathematical skills associated with level 3 and level 4,
reflecting increases in children’s understanding of cardinality and the part-whole concept.

One possible explanation is that, as these advanced levels are not comprehensively
targeted by the game, they probably simply had more time to develop over the course of
six sessions. This might be because foundational mathematical skills required for these
levels had already been established through repeated practice in earlier game sessions. That
is, the prolonged engagement with the game presumably allowed children to benefit more
from its specific features, as well as from the collaborative learning atmosphere with peers
and the adult facilitator during gameplay. Essentially, they received more training. As
a result, this extended practice in six game sessions probably goes beyond the basic math
skills required merely to play the game (e.g., reading the digits on the die or counting out
squares until the pawn reaches the goal). Consequently, children probably benefit in their
mathematical skills development from longer exposure to mathematical content during
playing the game.

On the other hand, children completing the longer version of the game-based interven-
tion with six sessions did not exhibit significant learning gains on the lower levels of the
model such as level 1. Regarding this finding, it may be assumed that children in the six-
session group have been developing further and therefore started to use more complex
problem-solving strategies which are required to be able to solve more complex arithmetic
problems. At the same time, they may no longer have applied simpler strategies which
would be more effective for solving basic problems addressing lower levels of arithmetical
development as suggested by the overlapping waves model proposed by Siegler (1998). This
may be similar to what is observed when children learn a new arithmetic operation, such as
multiplication. A consequence of learning the new operation is that performance on
a previously acquired operation, such as addition, often decreases (Miller & Paredes,
1990). This means that the process of effectively switching between different solution
strategies has not yet been automated.

Finally, the finding that learning gains did not differ significantly between children who
participated in four sessions and the control group across all levels may also indicate that
four sessions do not seem sufficient to efficiently facilitate learning early mathematical skills
beyond business as usual. This implies that four sessions were simply not enough to
significantly promote mathematical skills and to apply what was learned automatically.
Our results therefore suggest that more sessions (e.g., six) may be needed to apply what was
learnt.

4.1. Limitations and future research

When interpreting the results of this study, it is important to consider some
limitations. First, it is important to note that the four-game-session and the control
group showed significantly higher pretest scores on levels 1, 4 and 5 compared to
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the six-game-session group. However, as all analyses comparing learning gains
between groups controlled for pretest performance, we are confident that these did
not bias our results in one or the other direction. Furthermore, to rule out the
possibility that other individual factors may also affect the acquisition of early
mathematical skills during the intervention period, other cognitive abilities known
to contribute significantly to mathematical learning should be controlled for in
future studies. In particular, general cognitive ability in terms of nonverbal intelli-
gence, but also phonological awareness and/or working memory may be important
aspects to control in future studies (Amland et al., 2025; De Vita et al., 2022; Traff
et al., 2020). In addition, this study did not include a follow-up assessment to
evaluate potential long-term effects of the game-based intervention. As such, we
cannot tell whether effects of the game-based intervention were sustainable and thus
the group that played six game sessions might even continue to benefit more than
the other groups in the long term. Future studies are needed to evaluate this in
a longitudinal set-up. Finally, one general limitation of group activities is the
inherent variability in individual experiences. Although House of Numbers 20 is
played in turns, allowing for equal participation, some children might inadvertently
experience varying degrees of exposure to the game’s benefits. However, this is
difficult to control for.

Of course, there are other interesting aspects worth examining in future studies. For
example, although instructions the experimenters provided during game sessions were
standardized and therefore informed about the scaffolding provided, the mathematical
talk of participating children during game sessions was not documented. Using
a combination of quantitative and such qualitative data in future studies would offer deeper
insights into what happens during game sessions - in particular with respect to whether
children explore higher-order mathematical concepts while playing the game. Lastly, this
study used an analogue linear board game. Given the plethora of digital game interventions
designed to enhance early mathematical skills (e.g., Kiili et al., 2018; Lin, 2022; Niklas et al.,
2025; Papadakis et al., 2018), a logical next step would be to evaluate a digital version of
House of Numbers-20 for group settings and investigate the same research question on
influence of training duration.

5. Conclusions

In sum, current research highlights the relevance of promoting early mathematical skills
before entering school (Gashaj et al., 2023; Koponen et al., 2019; Nogues & Dorneles, 2021;
Tréff et al., 2023). In particular, game-based approaches like linear board games were found
effective to promote these skills (Berner et al., 2022 2024; Gasteiger & Moeller, 2021; Siegler
& Ramani, 2009). However, constraints on time and staff resources ask for short and time
efficient interventions. The results of this study showed that the effectiveness of the game is
influenced by the duration of the intervention, with more game sessions leading to
significantly more pronounced learning gains, in particular on more advanced levels of
mathematical skills. This finding speaks for the use of linear board games such as House of
Numbers-20 in preschool settings on a regular basis, especially when higher levels of early
mathematical development are targeted.
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