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Interactive picturebook reading is an easily accessible and enjoyable activity that
provides preschoolers with opportunities to practice problem-solving skills.
Increasingly, preschool age is considered the ideal time to foster problem-
solving skills. This paper examines the effect of interactive picturebook reading
on the problem-solving skills of preschool children. A total of 130 preschool
children between 4 and 6 years old participated in a pretest-posttest quasi-
experiment with a non-equivalent control group. During five interactive reading
sessions in small groups, preschoolers were invited to discuss possible solutions
to the problems the book characters encounter. Problem-solving skills were
measured with two Pictorial Multiple-Solutions Tasks. Multilevel analysis
indicates that interactive picturebook reading can improve children's flexibility,
fluency and originality in coming up with possible solutions to a problem. In
addition, we found that the picture that was used and the emotional reactions
of the children to the test situation influenced the test scores. The results show
that giving children the opportunity to discuss possible solutions to problems

presented in picturebooks is an effective way to work on problem-solving skills
in preschool. Further research is needed to explore the optimal conditions for
effective interactive picturebook reading to develop preschoolers’ problem-
solving skills and the extent to which the skills demonstrated during interactive
picturebook reading can be transferred to real-life problem solving.

Interactive picturebook reading offers plenty of opportunities to practice problem-solving skills in preschool
(Gosen et al.,, 2015). Picturebooks are packed with problems that need to be solved. Fortunately,
preschoolers are eager to help the book characters to solve their problems by providing possible solutions
(Gosen et al., 2015). Problem solving is an important 21st century skill and is required to live and learn in our
ever-changing world (Csapo & Funke, 2017). Increasingly, researchers acknowledge that young children are
able to solve complex problems and that preschool age is an ideal time to foster the development of problem-
solving skills (e.g., Anggoro et al., 2021). Young children have a seemingly insatiable curiosity and urge to
explore the world around them (Fusaro & Smith, 2018). By tapping into this need for exploration, preschool
teachers can maintain, stimulate and strengthen children's problem-solving skills. In this study, we
investigate the effect of interactive reading from picturebooks on preschoolers problem-solving skills.

Interactive Picturebook Reading

The importance of picturebook reading in preschool is recognized across continents and disciplines. The
effect of picturebook reading on young children’s language development is well documented (Mol et al.,
2009). In recent years, there has been growing scientific interest in the effect of picturebook reading on other
domains such as mathematics (Op ‘t Eynde et al., 2022; Zhang et al., 2023) and social skills or attitudes (e.g.,
Kemple et al., 2016). However, picturebook reading is not a panacea in itself. The ‘magic’ occurs when you
let children interact with the story, the teacher and each other (Meyer et al., 1994). Shared reading becomes
interactive when input from the children is asked before, during or after reading (Massey, 2004). Interactive
picturebook reading encompasses a wide range of practices and approaches where children are engaged
during shared reading. Teachers can elicit interaction by asking questions, provoking discussions or inviting
children to make predictions. Interactive reading can differ in terms of the moment at which the interactions
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take place (before, during and/or after reading aloud) and the type and desired level of the interactions
(Gosen et al., 2015).

The added value of interaction during picturebook reading is well investigated (e.g., Merga, 2017; Mol et
al., 2009). Interactive reading contributes to the development of complex thinking and encourages children
to co-construct meaning through dialogue (Wiseman, 2011). Gosen et al. (2015) found that talk about
problems during picturebook reading offered preschoolers opportunities to practice problem-solving skills.
Most research on interactive picturebook reading focusses on the interaction between the adult and the
children (van Kleeck, 2003). Morrow and Smith (1990) pointed out that stimulating interaction between
children can enhance the effect of interactive picturebook reading. Interaction among children during shared
reading allows them to try things out, think through solutions, and reflect on their ideas (Pantaleo, 2007).
Interactive picturebook reading provides children with opportunities to identify problems, to think about
possible solutions and to think about their consequences (Fettig et al., 2016). In addition, picturebooks enable
children to think creatively about situations and problems they have never experienced before (Gosen et al.,
2015). Despite the popularity of shared reading interventions with picturebook in early childhood education
and research (Fitton et al., 2018), the effect of interactive picturebook reading on preschoolers' problem-
solving skills has not yet been investigated. The current study extends the research on the effects of
interactive picturebook reading with problem-solving, an important, transversal skill needed for many
subject areas and strongly related to self-regulated learning and lifelong learning (Baars et al., 2017).
Moreover, insights on the effect of interactive picturebook reading on problem-solving skills can provide
practitioners with evidence about the potential of picturebooks already present in their classrooms when
working around problem solving.

Problem Solving

Problem solving is the act of solving unknown problems where no obvious solution is at hand (Mayer, 1994).
It can be defined as "an individual’s capacity to engage in cognitive processing to understand and resolve
problem situations where a method of solution is not immediately obvious" (OECD, 2013, p. 122). Problem-
solving encompasses a wide range of cognitive and non-cognitive activities that involve seeking a solution to
a given problem (Green & Gilhooly, 2012). To get a better grasp on the complexity of problem solving, many
scholars have tried to identify different steps in the problem-solving process. The PISA framework on problem
solving distinguishes between (1) Exploring and understanding (2) Representing and formulating (3) Planning
and executing, and (4) Monitoring and reflecting (OECD, 2013).

The current study focuses on the second step of the problem-solving process as proposed by the PISA
framework and more specifically on formulating possible solutions to a given problem. Osborn (1953)
considers this piling up of alternative hypothesis as "probably the one indispensable part of any problem-
solving project" (p. 125). This step is strongly related to creative thinking or divergent production (Guilford,
1967). Divergent production is conceptualized as the generation of various logical possibilities or, more
generic, the ability of coming up with multiple solutions to a problem. Gosen et al. (2015) demonstrated that
children between 4 and 6 are capable of hypothesizing during shared reading from picturebooks. Central to
measuring creativity in problem solving are the concepts of fluency, flexibility and originality (Said-Metwaly
et al., 2017). Fluency refers to the number of unique solutions one can think of. Flexibility refers to the
different categories of these solutions (methods, strategies, principles or perspectives). Originality refers to
the uniqueness of the solutions.

The Present Study

Building on the extensive literature on problem solving and interactive picturebook reading interventions,
the current study aims to examine the effect of interactive reading from picturebooks in the classroom on
the extent to which preschool children can come up with different solutions to a problem. The resulting
research question can be formulated as:

What is the effect of interactive picturebook reading in the classroom on preschoolers' ability to come up
with different solutions for a visually presented problem?
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Method

In order to answer the research question, a pretest-posttest quasi-experimental study with a non-equivalent
control group was set up (Cohen et al., 2018). The study was approved by the Ethical Advisory Committee for
Social and Human Sciences (EASHW) of the University of Antwerp on 12 January 2021 (file SHW_20_112).

Participants

Preschool Children

A total of 130 preschool children from nine preschool classes in three Flemish (Belgium) schools participated
in this study. The schools were located in a suburban area and had a predominantly white student population.
Classes were selected based on willingness and availability of the teacher (convenience sampling). In the
sample, there were 70 girls (53.85 %) and 60 boys (46.15 %). The mean age of the participants was 5.57 year
(Min = 4.17, Max = 6.67). Eight of them spoke a different language at home than the language of the
picturebooks and the tests. Around 70% of participating children had at least one parent with a bachelor's
degree or equivalent. Only children for whom parental consent was obtained, took part in the experiment.

Teachers

The participating teachers were between 28 and 54 years old and had 6 to 32 years of experience in preschool
education. One teacher co-taught two classes with a colleague and one participant was a care teacher. The
smallest class had 18 preschoolers, the largest had 22. Six classes were assigned to the treatment group and
three classes to the control group.

Measures and Materials

Picturebooks

A different picturebook was used for each session of the intervention. Using the same set of picturebooks in
all the groups was less appropriate for this study. Participants were not allowed to know the picturebooks in
advance since preschoolers who already knew the story might be inhibited in coming up with alternative
solutions. To help teachers select appropriate picturebooks for the interventions, a list of popular and readily
available picturebooks was provided. The list was composed based on the list of picturebooks provided in
the doctoral dissertation of Gosen (2012), library catalogs and catalogs of Flemish and Dutch publishers of
picturebooks. The list was completed in consultation with a children's librarian at a public library, an owner
of a specialized children's bookshop and preschool teachers. This resulted in a longlist of 30 picturebooks.
Picturebooks that were hard to find or no longer available, stories in which the problem was only implicitly
or vaguely introduced and picturebooks that didn’t meet the quality criteria concerning print, structure,
pictures and wordings, were removed from the list. Finally, 12 picturebooks were retained. Teachers were
allowed to choose other picturebooks for the intervention provided that they met the pre-established criteria
included in the logbooks. The selected picturebooks had to be appropriate for preschoolers in terms of
difficulty (Nicolopoulou et al., 2023) and storyline and they had to include problems to be solved by the main
characters. All picturebooks were written in Dutch. Table 1 provides an overview of the picturebooks used
during the interventions and the number of interventions in which the picturebooks were used. During most
sessions (89%) a picturebook from the proposed list was used.
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Table 1. Overview of the picturebooks used during the interactive reading sessions

Title [English] Author(s) Year Sessions
(N)
*Garage Gust [Gu's garage] Timmers, L. 2015 15
*Een gat in mijn emmer [A hole in my bucket] Schubert, I. & Schubert, D. 1998 13
*Diepzeedokter Diederik [Deep-sea doctor Derek] Timmers, L. 2017 11
*Agent en Boef [Cop and Robber] Veldkamp, T. & de Boer, K. 2008 9
*De prinses met de lange haren [The princess with the long hair] Van Haeringen, A. 2015 9
*Twee vechtende eekhoorntjes [The squirrels who squabbled] Bright, R. & Field, J. 2017 5
Rikkie heeft een plan [Rikkie has plan] Van Genechten, G. 2015 4
*Hoe verstop je een giraffe? [Have you seen my giraffe?] Robinson, M. & Powell, C. 2018 3
Happende haaien [Yummy yummy! Food for my tummy!] Lloyd, S. & Tickle, J. 2004 2
Kikker vindt een schat [Frog finds a treasure] Velthuijs, M. 2017 1
De sleutel [The key] Flas, I. & Masson, A. 2012 1

Note. Picturebooks marked with an asterisk were included in the proposed list.

Short Questionnaire on Child Characteristics

Along with the information and consent letter, parents received a short questionnaire asking for gender, age
(year and month of birth) and language spoken at home. Previous studies indicate that these characteristics
are correlated with problem-solving skills and may influence the effect of a reading intervention (Casey et
al., 2008; van den Heuvel-Panhuizen et al., 2016).

Pictorial Multiple-Solutions Tasks

Problem-solving skills were measured through Pictorial Multiple-Solutions Tasks (PMST). In PMSTs, preschool
children are asked to come up with as many solutions as possible to a visual presented problem (Leikin, 2012).
Two PMSTs were designed for the current study (Fig. 1). The problem situation in both pictures is similar: an
androgynous character cannot reach the ball. In one picture the ball is on a cupboard, in the other picture
the ball is in the pond. Both pictures show a similar number of attributes that can be used or combined to
solve the problem. These attributes are linked to problem-solving strategies such as tossing, climbing or
pulling or pushing. The children were asked to suggest as many solutions as they could to solve the presented
problem, within a timeframe of approximately three minutes. The teachers were allowed to encourage the
children with prescribed phrases. Teachers were also allowed to support children with language difficulties
by giving them more time to formulate solutions and by motivating them to point out objects in the pictures
and use gestures to clarify what actions could be taken.

Fig. 1 Pictorial Multiple-Solutions Tasks

PMST 1: Ball on cupboard PMST 2: Ball in pond

Both PMSTs were subjected to a pilot test beforehand. Four independent researchers scored two
videotaped test takings in which two children each took one of the tests. The inter-rater reliability (ICC) and
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95% confidence intervals were calculated using a single-rater, absolute-agreement, two-way random-effects
model (Koo & Li, 2016). The ICC for the test with the ball on the cupboard was 0.89 (95 % Cl [0.71, 0.98]),
which is considered good (Cicchetti, 1994). The ICC for the test with the ball in the pond was 0.69 (95 % Cl
[0.27, 0.96]). This is slightly lower than the other test, but still good. Next, the video of the test with the ball
on the cupboard was scored by four participating teachers. They all noted down exactly the same solutions
which resulted in perfect agreement (ICC = 1).

Scorebooks

A scorebook was developed for each test. The most obvious solutions were included in the scorebook and
space was provided to note less obvious solutions. In addition to recording the responses of the children, the
teachers were asked to indicate in the scorebooks whether a child was nervous or shy, showed little interest,
or was easily distracted during the test. In previous studies, researchers noticed that these factors can
influence the test-taking and test results (Rathé et al., 2016; Tsamir et al., 2010).

Logbooks

Teachers were asked to complete a research-driven logbook after each interactive reading sessions.
Research-driven logbooks provide an opportunity to gather background information on the intervention. The
logbook included questions about the title of the book, the duration of the reading sessions, the children
who participated in the session and statements to evaluate the quality of the session. Logbooks and a
debriefing after the experiment were used to assess the extent to which the treatment was carried out in
accordance with the protocol (Capin et al., 2018).

Procedures

Intervention

The intervention was carried out by the preschool teachers. Having teachers read to their own children
increases ecological validity. Teachers were asked to interactively read from picturebooks in small groups of
5 to 7 children (Morrow & Smith, 1990; van Elsdcker & Verhoeven, 1997) for five consecutive days. To ensure
that children in all classes received an equivalent intervention, a protocol was developed for the interactive
reading sessions. The protocol was provided in text and verbally explained during an individual online
meeting. The protocol included guidelines for the choice of picturebooks, the organization of the reading
session, the place and duration of the sessions, envisaged types of interaction, key issues, and examples of
guestions to elicit interaction. These questions entailed open-ended wh-questions (e.g., “What (else) could
you do?”) (Walsh & Hodge, 2018), questions for clarification (e.g., "How exactly would you do that?", “You
said you would ask for help. Who do you think could help?”) and evaluative questions (e.g., “Is this a good
idea? What might happen if you do?”, “What do you think is the best of all suggested solutions?”). The
protocol also prescribed how to engage the children in the story by asking questions, responding to their
comments, engaging with them in dialogue or encouraging interactions among the children (Towson et al.,
2017).

After each intervention, teachers were asked to fill in the logbook by providing information and
perceptions about the reading session (see above). A total of 73 reading sessions were conducted. On
average, the reading sessions lasted for 20 minutes (Min = 10, Max = 30, SD = 5.70). Group sizes ranged from
four to eight children (M =6.12, SD = 0.98). One teacher read to the entire class (17 to 19 children) and one
teacher started the first session for the entire class and continued in groups of four to five children. The
reading sessions occurred in another (class)room or a quieter corner of the classroom. In nearly all cases, a
second teacher (care teacher or co-teacher) kept an eye on the other children.

Analysis of the logbooks confirmed that the reading sessions were carried out as planned (adherence and
dosage). Children who participated in less than three reading sessions were excluded from the analysis
because of lack of exposure (Sanetti et al., 2021). Due to the restrictions caused by the COVID-19 measures
at the time of study, it was not permitted to observe interventions.
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Tests

Both pretest and posttest were administered in the children’s own classroom or a separate room in the
school in which the children feel comfortable. Rathé et al. (2016) found that some preschoolers are shy when
an unknown researcher administers a test individually. By having the tests administered by their own
teachers, we tried to limit the impact of shyness on the test results. The children were asked to suggest as
many solutions as they could to solve the presented problem, within a timeframe of approximately three
minutes. The teachers were allowed to encourage the children with prescribed phrases. A protocol was
developed to ensure that all teachers administered the test in a uniform way. The protocol was included in
the scorebooks, explained verbally during an individual online meeting and illustrated with an instruction and
practice video (Van Elsen, 2020).

For every child, a fluency score was calculated by counting the number of different formulated solutions
(Leikin, 2012). Subsequently, all solutions were classified into categories related to an action (e.g., throwing,
climbing, pulling) or to specific characteristics of the solution (e.g., use of materials not shown, inventive
solutions, combinations of actions). During the classification phase, new categories were created for
unforeseen solution strategies. A flexibility score was calculated for every child based on the number of
categories into which at least one answer was classified.! Table 2 provides an overview of the number of
solutions the children formulated for each category and test. The numbers include solutions from both the
pretest and the posttest and the treatment and control group. Solutions that did not fit well in one of the
categories were given their own category (e.g., "Looking in the books for a solution", "Growing up", and
"Buying a new ball"). The test with the ball in the pond produced slightly more different solutions (N = 103)
than the test with the ball on the cupboard (N = 98).

Table 2 Overview of the categories and the number of different solutions per category per test

Cupboard Pond
Climbing 9 1
Pulling or pushing 5 4
Tossing 13 7
Shooting (cupboard) / boating (pond) 2 3
Stacking (cupboard) / swimming (pond) 12 3
Crafting 3 16
Use of material not depicted 10 6
Without material (jumping, blowing ...)
Ask for help 2 1
Fantasy 12 23
Combining objects and/or actions 21 32
Own category 2 3
Total 98 103

Note. The number of different solutions is based on the answers from the pretest and the posttest together.

To determine the originality of a solution, the number of children who gave a similar answer was considered.
Any solution that was given by up to 10 % of the children is considered original and scores 2 points. Here, we
assume that if only one in ten children can come up with a particular solution, it is a non-obvious solution.
Any solution that was given by 10 % to 25 % of the participants scores 1 point. Solutions given by more than
a quarter of the children do not yield points. When more than one in four children came up with a particular
solution, we assume that the solution can be fairly easily derived from the picture. For the calculation of the
originality score, both the answers from the pretests (N = 130) and the posttests (N = 125) were used as a
reference to define its originality. The originality score for every child is the sum of the originality-scores of
every solution the child came up with.

1 Note that the calculation for flexibility and originality differ from the formula used by Leikin (2012). The picture
Leikin used contained fewer attributes and suggested fewer possibilities than the pictures in the current study. This
necessitated adjustments to the calculation of the flexibility and originality scores.

6
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Analysis

Multilevel analysis was used to investigate the effect of the intervention on the children’s fluency, flexibility
and originality scores, taking into account child characteristics and variables related to the test taking.
Multilevel modelling is appropriate because the pretest and posttest scores (level 1) are 'nested' in children
(level 2) and children are nested in classes (level 3) (Hox et al., 2018).

Building the model was done in two phases. First, a basic model was constructed. The basic model is a
model without covariates in the fixed part, except for the necessary dependent variables indicating the test
(pretest or posttest), condition (treatment or control) and their interaction (treatment:condition). Stepwise,
more complexity was added to the random part of the basic model. Successively, the child level and the
classlevel are added. Finally, we allowed the basic model to estimate differentiated child-level variance for
the pretest and the posttest. After all, we assume that the treatment does not only affect the test scores, but
also the variance, since the true variance in posttest scores is in fact a function of the true variance in the
pretest score and the true variance of the learning gains from the intervention (Zimmerman & Williams,
1982).

In the second phase, covariates were added to the model blockwise. The first block of covariates relates
to the lowest level: the level of the test. We consider that the two pictures that were used for the pretest
and the posttest differ from each other and that children’s reactions to the test can affect the results.
Therefore, we included the picture (cupboard or pond) and dummy-variables indicating the child was shy,
easily distracted or showed little interest in the fixed part of the model (Model 2). The second block of
covariates relates to the test-independent child level characteristics. In this step, covariates were added for
gender, whether the child spoke a different language at home than the language of the test (dummy
variables) and age (standardised, decimal) (Model 3). Finally, two interaction terms were added as fixed
effects to the model (Jaccard & Turrisi, 2003).

To select the most parsimonious model, the models are compared using Akaike's Information Criterion
(AIC), conditional R? and marginal R2. The AIC can be interpreted as the deviation between the predicted
values and the observed values, corrected for the number of independent variables in that model (Akaike,
1974). The lower the AIC, the better the model approaches reality in comparison to the other models. The
conditional R? is the proportion of the variance explained by the full model. The marginal R? provides
information about the proportion of the total variance explained by the fixed effects (Nakagawa et al., 2017).
A marginal R? of .26 or more is considered substantial, an R?around .13 is considered moderate and an R? of
.02 or lower is considered weak (Cohen, 1988).

The assumptions for multivariate regression of the best performing models were checked (Hox et al.,
2018). After removing outliers and re-estimating the models, we calculated differences between group
means (contrasts). Finally we calculated Cohen’s d based on the second formula provided by Morris (2008)
to estimate the effect size for fluency and flexibility.

Multilevel analyses were performed in R 4.2.1 (R Core Team, 2022) with the package Ime4 (v1.1-30; Bates et
al.,, 2015) and blme (v1.0-5; Chung et al.,, 2013). For testing models, the packages ImerTest (v3.1-3;
Kuznetsova et al., 2017) and performance (v0.9.2; Liidecke et al., 2021) were used. Estimated marginal means
were computed with emmeans (v1.8.1-1; Lenth, 2022). Figures were created with ggplot2 (v3.3.6; Wickham,
2016).

Results
Missing Data

Three children did not take the posttest. Two children attended less than three reading sessions. For these
cases, the posttest results were removed from the dataset. No child characteristics were provided for three
children and the age of two other children was missing. To avoid the loss of valuable data, missing ages were
imputed by the median age. If no information about the home language was provided, it was assumed that
the child in question did not speak any other language at home. Fig. 2 provides an overview of the number
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of participants through the different phases of the experiment (enrolment, allocation, follow-up and
analysis).

Fig. 2 CONSORT flow diagram of the present quasi-experiment (Schulz et al., 2010)
Assessed for eligibility
(n =9 classes)/ (n =130 children)
Excluded

(n=0classes)/ (n =0 children)

Randomized
(n =19 classes)
(n =130 children)

!
Allocation
|8 J
Allocated to treatment group Allocated to control group
(n =6 classes) / (n = 94 children) (n =3 classes) / (n = 36 children)
' Follow-Up Y
L S
* Received allocated intervention (n = 92 children) * Did not take part in the posttest (n = 1 child)
* Did not recieve prescribed intervention (n = 2 children) * Imputed missing child characteristics (n = 2 children)
* Did not take part in the posttest (n = 2 children)
* Imputed missing child characteristics (n = 4 children)
Analysis

Analysed (n = 94 children) Analysed (n = 36 children)

N=130

Descriptive Statistics

Descriptive statistics for each factor, test and group are summarized in Table 3. The figures reveal large
differences between children. Four children formulated only one solution during the pretest, whereas
another child was able to suggest 17 solutions. Similarly, some children scored extreme low for flexibility and
originality, whereas some others were able to suggest solutions from eight different categories and up to
twelve original solutions resulting in an originality score of 24. It should be noted that fluency, flexibility and
originality are strongly correlated. The correlation between fluency and flexibility for the pretest (r = .80,
p <.001) and between fluency and originality (r=.91, p <.001) is very strong. The correlation between
flexibility and originality is somewhat smaller, but, according to the rules of thumb of J. Cohen (1988), the
correlation remains strong (r = .63, p <.001).
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Table 3 Descriptive statistics per group, test and picture

Fluency Flexibility Originality
N M SD Min  Max M SO Min Max M SO Min Max

Pretest 130 5.50 2.96 1 17 3.70 1.65 1 8 3.63 414 0 24
Treatment group 94 549 3.16 1 17 3.64 173 1 8 3.73 438 0 24
Cupboard 66 559 3.26 1 17 344 171 1 8 405 4.79 0 24

Pond 28 525 293 1 13 411 1.73 1 8 3.00 3.17 0 10
Control group 36 553 240 1 12 3.86 1.40 1 7 336 3.48 0 14
Cupboard 20 6.05 2.80 2 12 3.70 1.56 1 7 4.65 4.15 0 14

Pond 16 4.883 1.63 1 7 406 1.18 1 5 1.75 1.24 0 4
Posttest 125 6.19 244 1 13 4.77 1.65 1 9 3.69 3.08 0 13
Treatment group 90 6.54 240 2 13 497 1.56 1 9 4.16 3.18 0 13
Cupboard 28 536 1.85 2 10 396 1.35 1 7 296 243 0 9

Pond 62 7.08 245 2 13 542 1.44 2 9 469 3.34 0 13
Control group 35 529 233 1 11 426 1.77 1 8 2.49 249 0 10
Cupboard 15 5.13 217 2 10 3.53 1.46 1 6 227 222 0 7

Pond 20 540 250 1 11 480 1.82 1 8 2.65 272 0 10

Although the differences between scores remain large in the posttest, the number of children scoring
extremely low is strongly reduced. During the pretest, 16 children (12.8 %) suggested only one or two
solutions. During posttest, only 5 (4.0 %) children did so. The same applies for the flexibility scores. During
the pretest, 27 children (21.6 %) formulated solutions from only one or two categories. During the posttest,
the number of children with such a low score was reduced to 11 (8.8 %). Children who formulated few
solutions or only solutions that could be derived directly from the picture did not score any points for
originality. However, the number of children who did not suggest at least one original solution decreased
from the pretest (N=26; 20.8 %) to the posttest (N=17; 13.6 %). Fig. 3 presents the differences in
distributions between the pretest and the posttest, separately for the treatment group and the control group.
The distribution of the flexibility scores for the treatment group shifts to the right. To a lesser extent, the
same applies for fluency and originality. Concerning the control group, there are no obvious differences
between the pretest and the posttest.

Fig. 3 Distribution of the fluency, flexibility and originality scores for pretest and posttest

Treatment group

Legend

Pretest
Posttest

density
density

0.1 0.1 0.1

0 5 10 15 0 2 4 6 B 0 5 10 15 20
Fluency Flexibility Originality

Control group
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Table 4 provides an overview of the number and percentage (between brackets) of children whose teacher
indicated that they were shy, distracted or showed a lack of interest during the test taking. The proportion
of children whose teacher indicated that they were shy was smaller in the posttest (7.20 %) than in the
pretest (12.31 %). The same applies for distraction (from 7.69 % to 3.20 %) and to a lesser extent to lack of
interest (from 4.62 % to 4.00 %).

Table4 Number (percentage) of children whose teacher indicated that they were shy, distracted or
showed a lack of interest during the test taking

N Shy Distracte Lack of
d interest

Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest

Total 130 125 (121.21) (7.920) (7?29) (3.10) (4.662) (4.5(3)0)

Treatmentgroup 54 T s S
Cupboard 66 28 (12?12) (3.:;7) (10?61) (0.(())0) (6.?)6) (0.%0)
Pond 28 62 (17?86) (9.28) (0.(())0) (3.223) (3.:;7) (6.15)

Control group 36 35 (8.333) (5.271) (8.333) (5.271) (2.178) (2_136)
Cupboard 20 1> (5.%)0) (6.137) (0.%0) (6.167) (o.?)o) (0.(())0)
Pond 16 20 2 1 3 1 1 1

(12.50)  (5.00)  (18.75)  (5.00) (6.25) (5.00)

Statistical Models

As illustrated by Fig. 3, the originality scores are far from normally distributed. The distribution of all four
groups is strongly right skewed (skewness > 1) and on the pretest, 42.31 % of the children scored 0 or 1 for
originality. On the other hand, some children scored extremely high. This was to be expected given the way
the originality score was calculated. We can presume that children that only suggest a limited number of
possible solutions, only come up with more obvious solutions. Consequently, the originality scores tend to a
Poisson distribution. Therefore, we use a Generalised Mixed-Effects Model (GLMM) for originality (Cameron
& Trivedi, 1998).

Concerning fluency and originality, the basic models with varying variances between the pretest and the
posttest on the child level perform best (Table 5). The AIC of these model is significantly lower than the AIC
from the more sparse models (p < 0.05). Concerning Flexibility, the results indicate that allowing the model
to estimate varying variance on the child level, does not improve the model.

10



Effect of Interactive Picturebook Reading on Problem-Solving

Table5 Model comparison of the basic models

Early Childhood Education Journal

Fluency npar AIC -2LL Chi? DF  Pr(>Chi?¥)
Model 1a: Child level 6 681.18 669.18

Model 1b: Child and class level 7 658.01 644.01 25.17 1 <.001
Model 1c: Varying variance on child level 9 652.00 634.00 10.02 2 .007
Flexibility

Model 1a: Child level 6 683.89 671.89

Model 1b: Child and class level 7 676.40 662.40 9.49 1 .002
Model 1c: Varying variance on child level 9 680.40 662.40 0.00 2 .998
Originality

Model 1a: Child level 5 1199.40 1189.40

Model 1b: Child and class level 6 1181.80 1169.80 19.55 1 <.001
Model 1c: Varying variance on child level 8 1154.20 1138.20 31.62 2 <.001

Note. npar = number of parameters in the model; AIC = Akaike Information Criteria, -2LL = deviance; Chi% = A-2LL;

DF = degrees of freedom for the likelihood ratio test; Pr(>Chi?) = p-value of the Chi2. Bold = selected models.

Starting from the basic model, covariates were added to account for test-related conditions, child
characteristics and differential intervention effects. Model comparisons indicates that adding covariates
related to the test level (the picture used and reactions of the children to the test), improved all models
significantly (Table 6). After adding test-level covariates, the marginal R? for fluency and originality raises to
.14 (p < .001) which can be considered moderate. The marginal R?for flexibility climbs to .30 (p < .001) which
is considered substantial. Adding preschooler characteristics and differential intervention effects doesn’t

improve the models significantly (p > .05).

Table 6 Model comparison of the full models

Fluency npar AlC S2LL Chi? DF  Pr(>Chi? RZond R2marg
Model 1c: Basic Model 9 652.00 634.00 1 .04
Model 2: Test conditions 13 626.39 600.39 33.61 4 <.001 1 .14
Model 3: Preschooler 16 62886  596.86 3.53 3 317 1 15
characteristics

Model 4: 'Differential 18 63249  596.49 0.37 2 833 1 15
intervention effects

Flexibility

Model 1b: Basic Model 7 676.40 662.40 44 12
Model 2: Test conditions 11 608.85 586.85 75.55 4 <.001 .60 .30
Model 3: ~Preschooler 14 607.33  579.33 7.53 3 057 60 33
characteristics

Model 4: ~Differential 16 610.18  578.18 114 2 565 60 33
intervention effects

Originality

Model 1c: Basic Model 8 1154.20 1138.20 .67 .05
Model 2: Test conditions 12 1142.30 1118.30 19.87 4 <.001 .67 14
Model 3: Preschooler 15 114400 111400  4.38 3 224 68 15
characteristics

Model 4: - Differential 17 1147.50  1113.50  0.49 2 782 68 16

intervention effects

Note. npar = number of parameters in the model; AIC = Akaike Information Criteria, -2LL = deviance; Chi? = A-2LL;
DF = degrees of freedom for the likelihood ratio test; Pr(>Chi?) = p-value of the Chi%. Bold = selected models.
RZond (fluency) = 1 since we fixed the residual variance to near zero in order to allow the model to estimate varying variance

on the child level.
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Two outliers were removed for fluency and three outliers for flexibility and originality. Concerning fluency
and flexibility, inspection of the data revealed that these children scored extreme on the pretest which
probably caused a ceiling effect. The outliers in the originality model came from children that were both shy
or distracted and not interested, which undermine reliability of the test score. Residuals were sufficiently
normally distributed. No multicollinearity and, concerning originality, overdispersion was detected.

Parameter Estimates

In this section, we present the parameter estimates of the final models for the three factors separately. All
parameter estimates are presented in Table 7.

Fluency

The treatment had no significant main effect on the fluency score, indicating that both treatment and control
group are equivalent at base level (f=0.01, SE =0.33, t = 0.02). Overall pretest and posttest scores did not
significantly deviate from zero (|t] <1.96). Recall that fluency scores are standardised, making zero
correspond to the mean. Most important, children from the treatment group improved significantly more
from the pretest to the posttest than children from the control group (£=0.48, SE=0.17, t=2.77). In
addition, the picture that was used during the test, turned out to have a limited but significant effect on the
fluency scores. Use of the test with the ball in the pond resulted in an increase of 0.17 standard deviations
(SE=0.08, t =2.11) in comparison to the test with the ball on the cupboard. Finally, shyness (£=-0.84,
SE=0.19, t =-4.48) and a lack of interest (#=-0.70, SE =0.23, t = -3.08) are associated with substantial and
significant lower fluency scores.

Flexibility

Similar to fluency, there is no significant main effect of the treatment on the flexibility score (£=-0.03,
SE=0.22, t=-0.15). Both groups are equivalent at pretest level. Concerning flexibility, pretest scores are
significantly lower than the overall average score (f=-0.39, SE=0.19, t=-2.04). Posttest scores did not
deviate significantly from the mean (|t| <1.96). Again, children from the treatment group improved
significantly more than children from the control group (£ =0.40, SE =0.17, t = 2.45). As was the case with
fluency, the picture that was used for the test affected flexibility scores (£=0.64, SE =0.08, t = 8.04) and
children that were shy (#=-0.96, SE =0.18, t =-5.42) or had a lack of interest (f=-0.62, SE =0.22, t = -2.80)
scored below average.

Originality

In contrast to the fluency and flexibility scores, the originality scores are expressed on the original score scale.
The simple treatment effect doesn’t deviate significantly from zero, indicating equivalence at pretest level
between both groups. From the estimate of the intercepts for both the pretest and the posttest we learn
that a child from the control group that took the test with the ball on the cupboard and was not shy or
distracted, nor showed a lack of interest, is expected to score 2.38 (SE = 0.65, z = 3.15) for originality on the
pretest and 2.15 (SE=0.53, z=3.07) on the posttest. This corresponds with approximately one original
solution (given by less than 10 % of the children) or two semi-original solutions (given by 10 to 25 % of the
children). The interaction effect between treatment and posttest is significant, indicating that on average,
the children in the treatment group improved significantly more on originality than those in the control
group. Children from the treatment group scored 1.53 times higher on the posttest than children from the
control group (SE =0.32, z=2.04). Shyness (£#=-0.50, SE =0.12, t =-2.85) and a lack of interest (£=-0.23,
SE=0.12, t =-2.92) have a negative impact on the originality score. This indicates that children for whom the
teacher marked that they were shy, scored approximately 0.50 times lower for originality than children that
were not shy. Children who showed a lack of interest, scored 77 % less (0.23 — 1 =-0.77).

12



Effect of Interactive Picturebook Reading on Problem-Solving Early Childhood Education Journal

Table 7 Parameter estimates for the three final models

Fluency Flexibility Originality
(Nkia = 130) (Nkia = 129) (Nkia = 122)
Random effects Var SD Var SD Var SD
Child 0.26 0.51
Pretest 0.77 0.88 NA NA 0.68 0.83
Posttest 0.54 0.73 NA NA 0.14 0.37
Class 0.15 0.39 0.05 0.23 0.11 0.33
Residual NA NA 0.34 0.58 NA NA
Fixed effects Est. SE t-value Est. SE t-value Est. SE z-value
(exp)
Pretest -0.09 0.27 -0.34 -0.39 0.19 -2.04 2.38 0.65 3.15
Posttest -0.24 0.26 -0.90 -0.26 0.19 -1.35 2.15 0.53 3.07
Treatment 0.01 0.33 0.02 -0.03 0.22 -0.15 1.11 0.36 0.31
Picture (pond) 0.17 0.08 2.11 0.64 0.08 8.04 1.03 0.10 0.27
Shy -0.84 0.19 -4.48 -0.96 0.18 -5.42 0.50 0.12 -2.85
Distracted -0.23 0.22 -1.07 -0.14 0.20 -0.70 1.01 0.24 0.05
Lack of interest -0.70 0.23 -3.08 -0.62 0.22 -2.80 0.23 0.12 -2.92

Treatment*Posttest 0.48 0.17 2.77 0.40 0.17 2.45 1.53 0.32 2.04
Note. Bold typeface indicates |t| > 1.96 or |z| > 1.96.

Contrasts between the group means indicate that there is a significant difference between the mean fluency
score on the pretest and posttest of the treatment group (contrast = - 0.33, t =-3.33) (Table 8). The same
applies for flexibility (contrast = - 0.53, t = -5.54) and originality (contrast = - 0.33, z = -2.61). However, there
is no significant difference between the mean of posttest scores from the treatment group and the control

group.

Table 8 Contrasts between group means

Fluency Group Est. SE df t-ratio
Pretest — posttest Treatment group -0.33 0.10 136.00 -3.33
Control — treatment Posttest -0.48 0.35 12.40 -1.37
Flexibility

Pretest — posttest Treatment group -0.53 0.10 135.00 -5.54
Control — treatment Posttest -0.37 0.25 15.20 -1.49
Originality z-ratio
Pretest — posttest Treatment group -0.33 0.13 Inf -2.61
Control — treatment Posttest -0.53 0.29 Inf -1.85

Note. Bold typeface indicates |t| >1.96 or |z| > 1.96.

The effect size of the intervention for fluency (Cohen’s d = 0.57) and flexibility (Cohen’s d = 0.61) is
moderate, according to Cohen (1988).

Discussion

Interactive picturebook reading is an easily accessible activity that provides preschoolers with opportunities
to practice problem-solving skills (Gosen et al., 2015). Working on problem-solving skills from an early age,
lays a good foundation for future learning (OECD, 2013). By means of a pretest-posttest quasi-experiment
with non-equivalent control group, we investigated the effect of interactive picturebook reading on the
fluency, flexibility and originality of solutions preschool children can come up with when faced with a visual
presented problem.
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The results indicate that interactive picturebook reading has a significant and moderate effect on the
fluency and flexibility with which preschool children come up with solutions for a visual presented problem.
According to Cohen (1988), this means that the effect is large enough to be visible in the course of normal
experience. In other words, we expect that preschool teachers will notice an effect of interactive picturebook
reading on the extent to which preschoolers are able to think fluently and flexibly when thinking of possible
solutions for a problem. Concerning originality, children that received the interactive picturebook
intervention also improved significantly more than children from the control group who did not receive the
intervention.

Analysis revealed that the picture that was used for the test had a significant effect on the fluency and
flexibility score. Children came up with more imaginative solutions in the test with the ball in the pond and
also combined more objects or actions. It is possible that the picture with the pond appealed more to the
imagination of the children and the picture with the cupboard related more to a real classroom environment.
Since most of the picturebooks used during the interventions contained imaginative elements, the
intervention may have had more effect if the picture with the pond was used for the posttest.

Another factor that strongly influenced the test results had to do with the reactions of the children to the
test taking itself. In agreement with the findings of Rathé et al. (2016), preschoolers whose teacher indicated
that they were shy or nervous during the test scored significantly lower on all three factors. The influence of
shyness on the test results can possibly be limited by repeatedly administering a test to the children. A lack
of interest in the test has also a significantly negative effect on the results. As in the study by Tsamir et al.
(2010), some children indicated that they had enough after a few solutions and did not want to search any
further. Before the tests, children were sometimes taken out of their play. As a result, they may not have
been fully engaged in the test. Being quickly distracted does not seem to have any effect. Perhaps teachers
are sufficiently experienced in recovering the children's attention.

Implications, Limitations and Further Research

The current study contributes to the extensive body of scientific evidence on the use of picturebooks to
stimulate children's language development (Dowdall et al., 2020) and early mathematical skills (Op ‘t Eynde
et al., 2022; Zhang et al., 2023) by demonstrating the effectiveness of using picturebooks to improve
preschoolers’ problem-solving skills. Building on the research of Gosen et al. (2015) on the nature of problem-
solving interactions during shared reading, we found that discussing possible solutions during picturebook
reading is an effective way for young children to practice problem-solving skills. Consistent with Wiseman
(2011), this research supports the idea that interactive picturebook reading provides opportunities for
children to learn complex skills together in a safe environment.

The findings in this report need to be seen in the light of certain limitations. First, in this study, we only
examined the effect of interactive picturebook reading on one of the first steps in the problem-solving
process: generating multiple possible solutions to a given problem. Interactive picturebook reading can
stimulate flexible and creative thinking, but picturebooks do not offer problems to be solved in the real world.
Further research is needed to investigate effective learning activities to enhance other steps of the problem-
solving process, such as becoming aware of a problem, exploring and understanding the problem, weighing
up various possible solutions against each other, planning and executing a solution, monitoring the process
and reflecting on it. In addition, it is still unclear to what extent the skills demonstrated during interactive
picturebook reading can be transferred to real-life problem solving.

Second, although we asked teachers about their perception of the problem-solving interactions after
every session of the intervention, it was not possible to analyse the effect of the quality of the interactions.
Morrow and Smith (1990) pointed out that the nature and amount of interactions during shared reading
influences story comprehension. Gosen et al. (2015) found that the selection of the picturebook influences
the problem-solving interactions. Future research can explore the conditions for effective interactive
picturebook reading to enhance preschoolers’ problem-solving skills.

Third, the entire experiment was carried out by the preschool teachers themselves. In doing so, we tried
to enhance ecological validity and to limit the reactions of the children to the presence of an unknown
researcher. The downside is that, despite briefings, protocols, instructional videos and training, there may be
minor differences in the way the intervention and the test takings were carried out. Due to the COVID-19
pandemic, researchers were not allowed to enter the class for direct observations. We have tried to
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compensate for this with research-based logbooks in which teachers could make notes about specific events
during the interventions and test-taking.

The results of this study also show that young children are sensitive to unfamiliar situations. Reliable and
valid assessment of complex cognitive skills is a major concern in research on the effectiveness of learning
activities, especially when young children are involved. To date, no systematic research has been done on
possible ways to assess problem-solving skills in the real classroom context. Insights from such a study could
contribute to further effectiveness research and provide tools for teachers who want to strengthen their
preschoolers’ problem-solving skills through assessment for learning (Wiliam & Thompson, 2008).

Conclusion and Practical Recommendations

The current study demonstrates that interactive reading from picturebooks is an effective way to work on
problem-solving skills in preschool. Picturebooks are not too expensive and can be found in almost every
preschool classroom. They are familiar, entertaining, often beautiful designed and funny. Picturebooks speak
the language of children in words and images and can be used in a wide range of approaches that fits the
needs and possibilities of preschool children (Fitton et al., 2018). Many picturebooks entail problem
situations, making them particularly suitable for practising problem-solving skills.

We conclude with some practical recommendations for applying interactive picturebook reading in the
classroom to enhance preschoolers' problem-solving skills. These recommendations are based on the
findings discussed in this paper, the findings of previous studies that were used to develop the intervention
protocol and the comments and suggestions made by the participating teachers in the logbooks and during
the debriefing.

The logbooks show that both preschoolers and teachers need some time to get used to interactive
picturebook reading. It takes some practice to elicit interaction with and between preschoolers during shared
reading. As the reading sessions progressed, the teachers reported greater satisfaction with the reading
sessions and noted that the preschoolers formulated more spontaneous and varied solutions.

During interactive picturebook reading, it is vital that all children have the opportunity to be part of the
discussion. Mutual dialogue allows them to build on each other's ideas, generate alternative solutions,
elaborate on proposed solutions and evaluate possibilities. Consistent with previous research, we therefore
recommend to read interactively from picturebooks in small groups. In addition, we suggest to create
heterogeneous groups, mixing children with more and less language proficiency, children with more and less
confidence in verbal expression and younger children with older ones. Several participating teachers argue
that this encourages less talkative preschoolers to contribute to the discussion. Regularly changing the
composition of the groups can also help to maximize each child's opportunity to participate in the discussion.

When choosing picturebooks, it is important to ensure that they are appropriate to the developmental
and linguistic level of the children (see also Nicolopoulou et al.,, 2023) and that the story and visual
presentation of the picturebooks appeal to them. Participating teachers noted that not all books are equally
suitable for eliciting problem-solving discussion between preschoolers. The story about The princess with the
long hair, in which a princes has to find a way to carry her immensely long and heavy hair, turned out to be
quite difficult for the children. The books of Cop and Robber (in which a police officer has to capture a comical
fugitive) and Deep-sea doctor Derek (in which an inventive doctor has to help impaired and injured aquatic
animals) proved to be very suitable.
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