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Abstract

Problem-solving is an important 21st-century
skill and an indispensable part of early STEM
(science, technology, engineering and mathematics)
education. To effectively study the development of
children's problem-solving competencies and to
evaluate the effectiveness of classroom interventions
and programmes, researchers and educators need
reliable and valid assessment instruments. This
scoping review aimed to identify and discuss methods
that are developed, studied or used in scientific
research to assess preschoolers' competencies
in solving ill-structured problems in and across the
four STEM disciplines. A systematic search of Web
of Science, Scopus and ERIC identified 24 studies
published between 1974 and 2024. These studies
reported 18 unique methods for assessing problem-
solving competencies in preschool children aged
3—6years. Results indicate that most assessment
methods rely on observation of hands-on tasks or
oral examination, typically focussing on a single step
of the problem-solving process within one STEM
discipline. Observing children solve engineering
design problems and engaging in dialogue with them
appears appropriate for integrated problem-solving
assessment. Only one instrument was found for
which the psychometric properties were adequately
examined. Further research is needed to develop
reliable and valid assessment methods to provide
researchers and educators with age-appropriate
methods to investigate and monitor preschoolers'
problem-solving competencies.
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Context and implications

Rationale for this study: Identifying characteristics of reliable and valid methods
for assessing preschoolers' problem-solving competencies will help researchers
and practitioners to study and support their development.

Why the new findings matter: The findings offer valuable insights into the current
methods used to assess preschoolers' problem-solving competencies in scientific
research, and draw attention to issues that need to be considered when selecting,
developing or implementing assessment methods.

Implications for researchers, practitioners: From this scoping review, we
conclude that there is still a need for reliable and valid, cross-disciplinary assessment
methods that cover the whole problem-solving process and can be administered
multiple times. Most of the methods identified involve oral examination of depicted
problems or observation of hands-on assignments. Observing children as they
solve engineering design problems and engaging in dialogue with them offers an
integrated and promising approach for assessing and monitoring the development
of preschoolers' problem-solving competencies.

INTRODUCTION

Problem-solving is a key 21st-century competency that is required for lifelong learning
and empowers individuals to navigate our increasingly complex society (European
Commission, 2019; Suto, 2013). Early childhood offers a critical window for developing
problem-solving competencies through pedagogical activities (Burns et al., 2025; Lile
Diamond, 2018; Malcok & Ceylan, 2022; O'Reilly et al., 2022; Rogers, 2004). Because
developing problem-solving competencies is a long-term process spanning years or even
decades (Molnar et al., 2013), stimulating these competencies from preschool (ages 3-6)
onwards is strongly recommended (Fusaro & Smith, 2018; Lopes et al., 2017). Moreover,
problem-solving plays a central role in science, technology, engineering and mathematics
(STEM, Priemer et al., 2020), and integrating STEM-related problem solving into early
childhood education provides ample opportunities to develop crucial problem-solving skills
(MacDonald et al., 2022).

Researchers and educators need reliable and valid assessment methods to investigate,
monitor and support the development of children's problem-solving competencies and
to evaluate the effectiveness of classroom interventions and programmes (Snow & Van
Hemel, 2008). Assessment refers to the process of collecting, interpreting and using evi-
dence about student learning (Harlen, 2007; McMillan, 2013) and includes different kinds of
measurements and testing (AERA et al., 2014; Popham, 2017). For researchers and educa-
tors, it is important to understand how problem-solving competencies are being assessed in
preschoolers, including the methods used, their characteristics, their scope, the procedures
and their psychometric properties.

Researchers and educators can only rely on assessment outcomes if the methods used
are thoughtfully developed, considering crucial elements related to reliability and validity.
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In their review on reporting practices related to reliability and validity of early childhood as-
sessment, Barghaus et al. (2022) found that only a small fraction of assessment developers
report on all required issues concerning reliability and validity as proposed in the Standards
for Educational and Psychological Testing (AERA et al., 2014). In their systematic review
and meta-analysis on approaches to teaching problem-solving skills in early childhood ed-
ucation and care settings, Burns et al. (2025) emphasise the importance of comprehensive,
reliable and valid instruments to assess young children's problem-solving skills. However,
it remains unclear to what extent reliable and valid instruments were used in the included
studies.

The present scoping review aimed to provide an overview of methods developed, studied
or used in early childhood education research to assess problem-solving competencies in
preschool children (3—6years). More specifically, this study aimed to identify and analyse
the characteristics, scope, procedures and psychometric properties of these methods.

Before describing the methodology and results, we elaborate on the conceptual definition
of problem solving in the context of STEM and the steps of the problem-solving process. We
conclude with discussing the implications of our findings for research and practice.

Problem-solving in STEM

Problem-solving is the process of dealing with a problem where no obvious solution method
is available (OECD, 2004). It encompasses a wide range of cognitive and non-cognitive
competencies, such as information processing, representation, reasoning, self-regulation,
planning and decision-making (Greiff et al., 2014). Given the diversity of potential problems
and the observation that a routine job for one person may be an impossible problem
for another person (Bransford & Barry, 1993), a situation or assignment is considered a
problem when the subject is able to understand it, but currently lacks a procedure to solve
it (Brownell, 1942).

Problem-solving is an indispensable part of STEM education (Priemer et al., 2020).
STEM refers to educational activities within science, technology, engineering and mathe-
matics (Bryan & Guzey, 2020). According to the International Technology and Engineering
Educators Association (ITEEA, 2020), science can be understood as ‘Investigating and un-
derstanding the phenomena in the natural world’ (p. 159). Technology involves altering the
environment through the creation of tools, systems or processes designed to fulfil human
needs and desires. Engineering refers to the application of scientific knowledge and math-
ematical reasoning to design and refine technological solutions that meet specific criteria
under constraints. Mathematics is thinking and reasoning about patterns, order, measure-
ment, properties, quantities, numbers, operations and geometry (Milburn et al., 2019). STEM
education can be approached in various ways, ranging from teaching discipline-specific
knowledge and skills in isolation to integrating and applying them across multiple disciplines
(English, 2016).

Young children exhibit a natural curiosity about STEM and already possess foundational
STEM skills and emerging understanding of STEM concepts from an early age (Clements
& Sarama, 2016). In preschool, STEM is often embedded in play, everyday experiences
and enquiry- or problem-based activities (MacDonald et al., 2022; Tunnicliffe, 2022). Young
children are encouraged to explore scientific phenomena such as light and shadow (Wang &
Chen, 2025), explore technologies by examining artefacts, crafting and creating (Sundqvist
& Nilsson, 2018), develop engineering concepts and practices through designing, building
and constructing (Lippard et al., 2018) and learn mathematical concepts such as quantities,
patterns, symmetry and dimensions through playful activities such as block play (Qiao &
Huang, 2023).
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Authentic STEM problems tend to be ill-structured (Nadelson & Seifert, 2017). lll-
structured problems are ‘fuzzy’ problems that occur in everyday life (Simon, 1978). They
are open-ended and allow for multiple solution paths, as there are no clearly defined rules
or preferred algorithms to solve them (Frensch & Funke, 1995). Well-structured problems,
on the other hand, typically have one or a limited number of correct solutions and can be
solved by applying certain procedures or algorithms (Jonassen, 1997; Simon, 1973). Solving
ill-structured problems involves different cognitive processes than solving well-structured
ones and requires distinct learning environments (Jonassen, 2010). Therefore, findings de-
rived from solving well-structured problems such as Tower of Hanoi-style puzzles or routine
mathematical (word) problems cannot simply be generalised to solving ill-structured prob-
lems (Funke & Frensch, 2007).

Steps of the problem-solving process

Different problems require different solution methods and strategies. Although most
researchers emphasise that problem-solving is not necessary a linear process, many
scholars (e.g. Dewey, 1910; Polya, 1945; Schoenfeld, 1985) have decomposed the
process to operationalise problem-solving in measurable and teachable phases or steps
(Rott et al., 2021). The PISA Problem-Solving Framework builds on Polya's four-phase
model. Although originally designed to assess the problem-solving skills of 15-year-olds,
it is equally applicable to younger children. Its emphasises on exploratory and creative
processes is particularly important for fostering effective problem-solving in early childhood
(Evans et al., 2021). Rather than relying on domain-specific knowledge and skills, the
framework focusses on engagement with authentic, real-world problems that align well with
the principles of early STEM education (Moore et al., 2020).

The PISA framework divides the problem-solving process into eight sub-processes:
Exploring, Understanding, Representing, Formulating, Planning, Executing, Monitoring and
Reflecting (OECD, 2013). Exploring is conceptualised as observing and interacting with the
problem, searching for information and finding limitation and obstacles. Understanding in-
volves understanding given and obtained information and demonstrating understanding of
relevant concepts. Representing refers to building a mental representation and constructing
tabular, graphical, symbolic or verbal representations. Formulating is defined as generating
hypotheses by identifying relevant elements of the problem and their interrelationships and
critically evaluating information. Planning relates to setting and clarifying (sub-)goals and
devising a plan or strategy to reach that goal. Executing refers to carrying out the plan.
Monitoring refers to monitoring progress towards the goal, checking (intermediate) results,
identifying unexpected events and adjusting as required. Reflecting, the final step in the
problem-solving process, involves critically evaluating solutions from different perspectives,
identifying additional information needs and communicating progress.

The present study

To monitor development of children's problem-solving competencies and to evaluate the
effectiveness of classroom interventions and programmes, researchers and educators
require reliable and valid assessment instruments (Burns et al., 2025). A comprehensive
overview of available instruments, detailing their key characteristics, scope and psychometric
properties, would provide essential guidance for researchers and educators in selecting,
developing or implementing appropriate assessment methods.
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Two recent review studies aimed to identify assessment methods to enhance students'
problem-solving skills but did not address preschool education (Ukobizaba et al., 2021;
Wicaksono & Korom, 2022). The same applies for recent review studies on assessment of
related topics such as computational thinking (Cutumisu et al., 2019; Lu et al., 2022; Tang
et al., 2020; Varghese & Renumol, 2021) and creative thinking (Bolden et al., 2020; Said-
Metwaly et al., 2017; Suherman & Vidakovich, 2022). Systematic reviews examining assess-
ment methods for preschool children address related concepts such as executive functions
(Mehsen et al., 2022; Silva et al., 2022) or self-regulation (Philpott-Robinson et al., 2023), but
not problem-solving. The recent systematic review and meta-analysis of Burns et al. (2025)
addresses problem-solving in early childhood education (including preschool), but only pays
limited attention to assessment. To the best of our knowledge, no comprehensive overview
of methods developed, studied or used in scientific research to assess problem-solving
competencies in preschoolers currently exists.

This scoping review aimed to fill this gap in scientific research by providing an overview
of the methods developed, studied or used to assess the problem-solving competencies
of preschool children (3—6years), and to map the characteristics, scope, procedures and
psychometric properties of these methods. A scoping review is an appropriate approach to
map how a phenomenon is studied across research with varying methodological designs
(Aromataris & Munn, 2020; Munn et al., 2018). Unlike systematic reviews, scoping reviews
do not aim to answer a single, narrowly defined question. Instead, they aim to identify the
characteristics of a particular phenomenon or to provide an overview of the existing evi-
dence (Munn et al., 2018).

Synthesising the characteristics of existing assessment methods offers valuable insights
into how problem-solving competencies are currently assessed in research and can support
researchers and educators in selecting, developing or implementing appropriate assess-
ment methods. Mapping the scope of these methods helps identify which aspects of the
problem-solving process and STEM disciplines are being addressed, while also revealing
gaps that warrant further investigation. Additionally, examining the procedures and psycho-
metric properties of the methods provides important information about their usability, reli-
ability and validity. The following research questions guide this study:

RQ 1. What are the characteristics of the methods developed, studied or used
in scientific literature to assess problem-solving competencies in preschoolers?

RQ 2. Which steps of the problem-solving process and which STEM-disciplines
are being assessed with these methods?

RQ 3. What are the procedures and psychometric properties of these methods?

METHOD
Design

The study was conducted according to the scoping review guidelines framework of the
Joanna Briggs Institute (JBI, Aromataris & Munn, 2020). The scoping review methodology
was chosen for a number of reasons. First, this study aimed to explore the field of research
concerning methods for assessing problem-solving competencies in preschoolers, which is
in line with the exploratory nature of scoping reviews (Christou et al., 2025; Munn et al., 2018;
Tricco et al., 2018). Second, the scoping review approach provides an inclusive framework
for bringing together diverse literature, including quantitative, qualitative and mixed-method
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studies (Aromataris & Munn, 2020). This approach enables inclusion of development studies,
validation studies and intervention studies. Third, scoping reviews are particularly well-
suited to identify characteristics of a phenomenon and how it is being investigated (Munn
etal., 2018). This aligns with our aim to map and analyse the characteristics and psychometric
properties of the methods that have been developed, studied or used in scientific research
to assess problem-solving competencies in preschoolers. Finally, scoping reviews allow to
identify gaps in scientific knowledge and can serve as a foundation for future systematic
reviews (Munn et al., 2018). By mapping assessment methods developed, studied or used
in scientific research, this study provides an overview of the current state of research on
assessing problem-solving competencies in preschoolers and provides direction for future
research into reliable and valid assessment methods.

Reporting is based on the Preferred Reporting Items for Systematic reviews and Meta-
Analyses Extension for Scoping Reviews (PRISMA-ScR) statement (Tricco et al., 2018). A
review protocol was pre-registered on Open Science Framework (OSF, https://doi.org/10.
17605/OSF.IO/QPJAT). The protocol outlines the objectives, search and selection proce-
dures, data extraction and analysis. Any deviations from the protocol are addressed in the
Discussion section.

Search strategy

A three-stage search strategy was applied to identify relevant sources (Aromataris &
Munn, 2020). First, a search string was derived from the research questions. A preliminary
search on Web of Science was conducted and keywords of relevant studies were screened
to identify additional search terms. In consultation with a university librarian, the search
string was refined, and three databases were selected: Web of Science, Scopus and Eric.
Second, a main search on title, abstract and keywords was conducted across all databases,
using the following search string".

(TITLE-ABS-KEY (problem* W/5 solv*) AND TITLE-ABS-KEY (preschool* OR
kindergarten* OR “pre-k” OR “early educat*” OR “early school*” OR
ecec OR “early childhood educat*” OR “nursery school”) AND TITLE-
ABS-KEY (assess* OR monitor* OR evaluat* OR testing* OR measur*)) AND
(LIMIT-TO (SRCTYPE, “j”)) AND (LIMIT-TO (DOCTYPE, “ar”)).

Finally, reference lists of selected reports were screened for additional sources (back-
ward search) and sources that refer to the identified reports were traced through cited refer-
ence searching in Web of Science and Scopus (forward search). All identified sources were
collated in EndNote (version 20.1) and duplicates were removed.

Eligibility criteria

Only peer-reviewed journal articles presenting empirical quantitative, qualitative and
mixed method studies were considered. Restricting the sources to peer-reviewed articles
was intended to ensure that the methods are grounded in scientific evidence. Only sources
written in English were considered. Inclusion criteria were conceived according to the PCC
framework (Participants/Population, Concept and Context) (Aromataris & Munn, 2020).
We included studies that focus on children enrolled in preschool programmes with an
intentional education component classified under ISCED 02: Early childhood education
from age 3 to the start of primary education (UNESCO Institute for Statistics, 2012).
Specifically, studies were retained if the data were collected in an institution described as
‘preschool’ or ‘kindergarten’, or if the data were collected in a school or classroom and at
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least some of the participants were in the 3—6 age group. To be eligible, the studies must
include problem-solving assessment that focus onill-structured STEM problems. Because
structuredness of a problem is a multidimensional continuum (Jonassen, 2010), studies
were retained if at least one problem presented to the participants was non-routine and
provided opportunities for multiple solutions or multiple solution paths. Studies that focus
only on solving well-structured problems or problems with only one correct solution such
as simple tasks (e.g. conservation tasks, balance beam tasks), prescribed operations
(e.g. mathematical operations, coding problems) or puzzles (e.g. Tower of Hanoi,
labyrinths) were excluded. Since this review focusses on STEM problems, only studies
in which the problem-solving assessment relates to at least one of the STEM disciplines
were considered eligible, thereby excluding social problems (e.g. interpersonal problems,
conflict handling), and reasoning problems (e.g. problems related to causality, analogy,
syllogisms). Finally, only studies that include educational assessment administered in
preschool were eligible. Clinical studies, labo-experiments conducted outside the school
and screenings for disabilities were excluded. Consequently, we did not include studies
that make use of tests such as the Raven's Coloured Progressive Matrices (RCPM),
Ages & Stages Questionnaires® (ASQ) or the Dimensional Change Card Sort (DCCS)
for problem-solving assessment since they only pay limited attention to problem-solving
and do not focus on STEM.

Study selection
Al-assisted screening and assessment of risk of bias by automation

Titles and abstracts were screened for eligibility by the first author using ASReview (version
1.0), a researcher-in-the-loop active-learning application that helps prioritising relevant
studies (van de Schoot et al., 2021). ASReview is an open-source application that makes
use of artificial intelligence to clusters and prioritises the most relevant sources, thereby
facilitating the screening process and significantly reducing the time required for manually
screening titles and abstracts.

The default Naive Bayes model (TF-IDF, Naive Bayes, Maximum, Dynamic resampling)
was used for screening. The model was trained on two previously identified relevant studies
meeting the inclusion criteria and 10 randomly selected studies of which one was marked
relevant and nine were rejected. During the screening process, all records labelled irrelevant
were tagged with a reason why they were excluded. Records not presented by the algorithm
were considered not eligible.

Two mutual independent stopping criteria were applied: at least 33% of the total data set
has been screened (van de Schoot et al., 2021) and 100 consecutive records were labelled
irrelevant (Wagner et al., 2022). The second criterion is more stringent than the recommen-
dation of Ros et al. (2017) to stop after 50 consecutive rejections.

Risk of bias through automation was assessed by having the second and third authors
independently screen a random sample of 10% of the records (n=250). The results of the
screening process by the first author were compared with those of the second and third
authors. Percentage of agreement between raters was 93%. This aligns with the expected
error rates for human reviewers as reported by Wang et al. (2020). All discrepancies were
analysed and discussed within the research team.
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Screening title and abstract in two rounds

Title and abstract screening was conducted in two rounds. In scoping reviews, an iterative
team-based approach is recommended (Levac et al., 2010). During the first round of
screening, we noticed that the concept problem-solving is used as an umbrella term to refer
to resolving a wide range of tasks. We therefore decided to further specify the inclusion
criteria and align them more closely with the conceptualisation of problem-solving described
in the theoretical framework of this study. Based on a list of all encountered problem types
that was composed by the first author during screening, the inclusion criteria were further
specified. Studies focussing on well-structured problems, problems with only one correct
answer, routine tasks, operations or screenings were excluded. For convenience, the
eligibility criteria presented in the previous section are the final criteria.

For the second round of screening, six studies identified as relevant in the previous round
and five randomly selected studies labelled as irrelevant were used as prior knowledge to
train the Al model in ASReview. Sources marked as relevant in the second round were com-
pared with those from the first round to verify that no relevant sources from the initial round
were omitted. Once again, 10% randomly selected records were screened manually by the
second and third author. Percentage of agreement between raters was 91%, which is again
consistent with expected error rates in manual screening (Wang et al., 2020). Discrepancies
were analysed and discussed. The differences were due to unclear or missing information
in the abstract and all differently rated sources were rejected after discussion within the re-
search team or full-text screening.

Full text screening

Full texts of eligible sources were retrieved through EndNote, databases, journal webpages
and ResearchGate. If a full text was not readily accessible, authors were contacted through
ResearchGate, email or LinkedIn. During full-text screening, assessment methods were
scrutinised. If the study failed to provide sufficient information about the assessment method,
additional information was looked up through the provided references and authors of the
sources and instruments were contacted. All excluded studies were coded by the main
reason of exclusion and doubtful cases were discussed with the research team.

Data extraction

A digital data extraction form was drafted in Qualtrics, pilot-tested and refined after discussion
with the research team. To avoid errors, charting was performed twice. During the second
round, relevant data were charted in pre-structured tables (MS Excel). Differences between
the two rounds were double checked.

From the selected sources, information was extracted about the study characteristics
(year of publication, educational system, study design, sample size, participants' age, re-
search questions, theoretical framework), characteristics of the assessment method (de-
scription of the assessment, assessment type, assessment materials, objectives of the
assessment, data types and scoring), scope of the problem-solving assessment (addressed
problem-solving steps and STEM disciplines), details about the assessment procedures (ad-
ministrator, location, duration and whether the session was done individual, in pairs or with
the entire classroom) and psychometric properties of the included assessment instruments
(types of reliability and validity, metrics). If the scope of the assessment method was unclear,
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authors were contacted to obtain the relevant items or scale. All data on the sources and
assessment methods are presented in Tables 1-5.

Synthesis

For each included assessment method, a short description was written by the first authorin a
standardised format. Frequency tables were generated to provide a summary of assessment
types, materials used, data collection methods and outcomes, highlighting prevalence of
the assessment characteristics. Typical and atypical methods were described qualitatively
and reported in more depth. All included assessment methods were coded regarding to
the problem-solving steps being assessed and the STEM disciplines being addressed.
Where authors indicated that the method used addressed integrated STEM, all four STEM
disciplines were checked. Frequency tables were created and prevalence of the steps and
disciplines was analysed. The reported statistics on the psychometric properties of the
assessment methods were collated in an Excel file and categorised by type of evidence.

RESULTS
Literature search

The main database search was conducted on 21 September 2022 and resulted in 2979
records. Figure 1 provides an overview of the selection process according to the PRISMA
2020 statement (Page et al., 2021). After deduplication (n=521), 2458 records were retained
for title and abstract screening. The stopping rules were met after screening 1389 records of
which 213 were marked relevant. The 1069 records that were not presented by the algorithm
were labelled irrelevant.

Fourteen mainly older articles could not be retrieved. After full-text screening, 17 reports
were included. Four additional sources were included through backward search. Forward
search yielded no new records. On 2 October 2024, an additional search was conducted to
retrieve sources that were published during the course of the study. This updated literature
search resulted in 349 new reports of which three met the inclusion criteria. The 24 reports
included in the final selection contain information about 18 different assessment methods.

Study characteristics

Study characteristics of the 24 studies included in this review are presented in Table 1. The
studies were published between 1978 and 2024 with more than half of the studies published
in the last 10years (n=16). Studies were conducted in nine different countries. The Middle
East is best represented in the selected studies (n=10), followed by North America (n=7),
and Europe (n=5). Three studies were conducted in East Asia. There were no studies from
Central and South America, South and Southeast Asia, Africa or Australia. Different designs
were used in the studies, with most studies being (quasi-)experimental (n=9), correlational
(n=4) or descriptive (n=5). The age of the children that participated in the studies ranged
from 3 to 7years. The study of German (2000) involved children aged 5, 6 and 7 of whom
only the 5- and 6-year-olds are considered preschoolers. A total of 2219 preschoolers
participated in the studies with an average of 92 (min =5, max = 328) preschoolers per study.

The included studies report on 18 different methods to assess problem-solving compe-
tencies in preschool. Four methods were used in two or three studies. In one study, two
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[ Identification of studies via databases ] [ Identification of studies via other methods ]

Records identified from databases (n = 2979): Records identified from
Scopus (n = 1855) Records removed before screening Updated database search: October 2, 2024 (n = 349)
WoS (n = 508) Duplicate records removed (n = 521) Backward search (n = 4)

Eric (n = 526) Forward search (n = 0)

Records excluded (" 2245 ‘ Recams sueeneﬂ for relevance Records exciuded (n = 336) ‘
(n=

J [ |dentification ]

Records screened for relevance

(n=2458)
Reports sought for retrieval Reports notrebleved (o= 14 ‘

by automation (n = wsg)

manually (n = 117

Reparts sough foreteval

(n=17)

Repors excludea aurng ful e screenng (0= 122 3"["’1’."‘) assessed for elighbiity '—r Reports excluded during fulltext screening (1 = 10)
P! = No problem-solving measurement included (n = 3)

No focus on STEM (n = 41) No focus on ill-structured problems (n = 2)

No focus on problem solving (n = 19) -
No preschoolers included in the study (n = 14) mg m‘:‘?g:r‘sa-lréﬁ?:s?f ;" =2

No problem-solving measurement included (n = 13) No focus on problem solving (n = 1)

No educational assessment (n = 12)
No informati lem- tin=1
No information on a problem-solving measurement (n = 4) o information on a problem-eolving measurement (n = 1)

Reports not retrieved (7 = 0) l

(n=213)

Reports assessed for eligibility
(n=199)

Screening

Reports meeting inclusion criteria :‘:fﬂ;,‘s meeting inclusion criteria
(n=17)

Reports included in review
(n=24)

Included

FIGURE 1 PRISMA 2020 flow diagram (Page et al., 2021).

methods were used to assess problem-solving competencies (Leikin & Tovli, 2014). Most
studies include an assessment method purposefully designed to meet the needs of the
study (n=14). Five of these methods were adaptations of, or based on, existing methods.
Ten studies made use of an existing method and two studies aimed at developing a new
assessment method or instrument.

Characteristics of the identified assessment methods

To answer the first research question, we shift the unit of analysis from the individual study to
the assessment methods that are used in these studies. Table 2 provides a short description
of the assessment methods and their characteristics. Nearly all assessment methods make
use of hands-on assignments (n=10) or are based on oral examination (n=7). The Design
Portfolio's (Bartholomew et al., 2019) apply portfolio assessment.

Hands-on assignments

Generally, hands-on assignments make use of commonly available crafts materials (e.g.
cardboard, tape, glue, bottle caps, pipe cleaners) (n=5). Other materials used are building
bricks (e.g. Lego), toys, tools and consumer goods. Two methods make use of a specially
designed apparatus. Hands-on assignments are most often accompanied by observation
for data collection. These observations were conducted directly (n=5), via video recordings
(n=4) or combined both approaches (n=1). The Stringent Solution-Standard Measures
(Hong & Milgram, 1991) makes use of oral examination to collect data during the hands-on
assignment. Observations of hands-on assignments typically result in binary outcomes
(n=5) or count scores (n=6). Binary outcomes indicated whether participants successfully
solved the problem, utilised a specific tool, performed a particular action or whether the
solution met predefined criteria. Count scores relate to the number of attempts to solve a
problem or the number of different solutions. Other quantitative outcomes are time on task
(n=3) and scale scores (n=4).
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An illustrative example of a hands-on problem-solving assignment is the Open-Ended
Problem-Solving Construction Task (Shechter et al.,, 2021). To assess preschoolers'
problem-solving competencies, a map of a river was placed on a table and the participants
were challenged to build a bridge over the river with standard Lego (Duplo) building bricks,
meeting four requirements: (1) the bridge must be structurally stable, (2) the bridge must
connect both riverbanks, (3) the bridge must not have any pillar in the water and (4) the
bridge must be high enough to allow a paper boat to pass underneath.

The Tool Improvisation Tasks (Parsonson & Baer, 1978) is another example of a hands-on
problem-solving assessment method. Participants were challenged to hammer wooden
pegs in a peg board. Instead of providing participants with a hammer, the children could
choose between seven functional (e.g. a brick) and 10 non-functional items (e.g. a styrofoam
hammer) to pound down the pegs. Some of the items could be combined to effective tools
(e.g. by putting a rod in a drilled block). In a similar challenge required participants to find ef-
fective containers to carry 80 marbles. Again, participants could choose between functional
(e.g. a glove) and non-functional items (e.g. a torn bag, recipients that were too small) or
could combine items to create useful containers (e.g. by blocking the hole of a bottomless
styrofoam cup).

Oral examinations

Most methods that are based on oral examinations, make use of pictures to illustrate
problem situations (n=6). In the Open-Ended Story Problems (Alexander et al., 1994), the
problems were presented as a story. In most cases, the children were asked to come up with
multiple solutions to the presented problems. The Mathematical Problem-Solving Measure
(Vessonen et al., 2024) required children to solve mathematical problems presented in
pictures and materials. Oral examinations typically result in count scores (n=3) or scale
scores (n=2). Some items in the Mathematical Problem-Solving Measure were scored
binary (whether or not the children solved the problem) and the Picture Problem Solving
Task (Fusaro & Smith, 2018) was processed by qualitative coding.

A typical example of an oral examination is Leikin's Pictorial Multiple Solution Task
(PMST; 2013). A black and white picture of an anthropomorphic kitten who can not reach its
cap on a high shelf was presented to the children. The picture contains some objects that
can be of help, such as a chair, a table, and a stick. Children were asked to come up with
as many possible ways to get the cap from the shelf. The answers were scored for fluency
(the number of different solutions), flexibility (the number of different strategies employed in
the formulated solutions) and originality (a score for unusual or original solutions). This way
of scoring solutions is based on the Torrance Test of Creative Thinking (Torrance, 1974) and
was also applied in the Pictorial Multiple Solution Task developed by Van Elsen et al. (2024)
and the Open-Ended Story Problems (Alexander et al., 1994).

Problem-Solving Skills Scale (PSSS, Cakir et al., 2021; Demirel & Deretarla Gul, 2021)
and Problem-Solving Scale in Science Education (PSSSE, Unal & Aral, 2014a) follow a
similar approach as the Pictorial Multiple Solution Tasks, but result in scale scores. In the
Problem-Solving Skills Scale, participants were asked to formulate multiple solutions for 18
depicted problems. A 5-point scale was used to indicate the number of formulated solutions,
ranging from 0 (no solution) to 4 (more than three solutions). In the Problem-Solving Scale
in Science Education, children were asked to formulate a solution to 16 depicted problems
related to life sciences, health sciences and physical sciences. The answers were scored on
a 4-point scale indicating whether (1) the child did not provide a solution or a wrong solution;
(2) the answer had a false focus; (3) the answer did not include a next step; or (4) the answer
was right and complete.
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Design portfolio

Finally, Design Portfolio (Bartholomew et al., 2019) makes use of a portfolio to assess
preschoolers problem-solving competencies. Children were asked to design solutions to
problems that appear in popular children's rhymes (Itsy Bitsy Spider, Baa Baa Black Sheep,
and Little Boy Blue). A worksheet was developed for each problem on which the children
could draw their ideas at the different phases of the problem-solving process. In addition,
the children were encouraged to create a prototype of their solution using crafts materials.
At the end, portfolios and prototypes were photographed and all worksheets and prototypes
were coded holistically.

Scope of the assessment methods

To address the second research question, we first analyse the problem-solving steps included
in the identified methods. Next, we examine which STEM disciplines are emphasised within
these methods. Table 3 provides an overview of the problem-solving steps covered by the
assessment methods. Table 4 shows the STEM disciplines addressed.

Steps of the problem-solving process

Nine identified methods focus on one step of the problem-solving process. Seven of
these methods solely address Formulating possible solutions. This is the case for all oral
examinations, except for the Problem-Solving Performance Instrument (Nam et al., 2019)
which assesses Executing. Three methods capture nearly the entire problem-solving
process: Design Portfolio (Bartholomew et al.,, 2019), Mathematical Problem-Solving
Measure (Vessonen et al., 2024) and Open-Ended Problem-Solving Construction Task
(Shechter et al., 2021). These three methods all contain hands-on problems and make use of
tangible objects. Overall, Formulating (n=12) and Executing (n=11) are the most assessed
steps of the problem-solving process in the methods included in this review. Exploring
(n=2), Understanding (n=2) and Representing (n=1) are assessed least.

STEM disciplines

Regarding the STEM disciplines, most methods focus exclusively on one STEM discipline
(n=13). Five studies are concerned with more than one STEM discipline of which two
address all STEM disciplines: Design Portfolio's (Bartholomew et al., 2019) and Picture
Problem-Solving Task (Fusaro & Smith, 2018).

Technology is the most addressed discipline (n=11). Assessment methods related to
technology typically require children to retrieve hard-to-reach objects, as in the Box task
(German & Defeyter, 2000), Stringent Solution-Standard Tasks (Hong & Milgram, 1991),
Toy Retrieval Task (Gardiner et al., 2012). Other methods require children to generate tool-
based solutions for object retrieval, such as the Open-Ended Story Problems (Alexander
et al., 1994) and Pictorial Multiple Solution Tasks (Leikin, 2013; Van Elsen et al., 2024). The
Picture Problem-Solving Task (Fusaro & Smith, 2018) requires children to come up with
ideas to solve a problem such as getting a strawberry out of an ice cube or finding a way to
discriminate between broccoli seeds and carrot seeds that are dropped on the ground and
got mixed up. In the Tool Improvisation Tasks (Parsonson & Baer, 1978), children are chal-
lenged to use unconventional materials to replace conventional tools.
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Three out of four methods that include engineering are hands-on and require chil-
dren to build or construct solutions to a problem. For the Engineering Preschool Children
Observation Tool (EPCOT, Anggoro et al., 2021), children were asked to create a solution
for Panda who wants to play outside when it is too hot and bright. In the Metacognitive Skill
Task (Annevirta & Vauras, 2006), children are asked to build a fence to protect inhabitants of
an island against a dangerous wolf and, in another task, to separate the island in three parts
using building bricks (Lego) and crafts materials. As discussed earlier, the Open-Ended
Problem-Solving Construction Task (Shechter et al., 2021) required children to build a bridge
over a river using standard Lego (Duplo) building bricks. The Picture Problem Solving Task
(Fusaro & Smith, 2018) is the only method including engineering in which data is collected
by oral examination.

Science-oriented problem-solving is most often combined with technology or engineer-
ing. In the Air Pressure Task (Guevara et al., 2020), children had to build an air pressure
mechanism with syringes and tubes of different sizes and shapes to reach a predefined goal.
Solving the problem requires applying scientific and technological knowledge and skills. The
Air Pressure Task is the only included science-related method, which is hands-on. The other
three science-related methods are based on oral examination.

Among the large number of well-structured mathematical problems (e.g. mathematical
operations, mathematical word problems, seriation problems, unambiguous classification
problems) that came up during screening, we found three methods that made use of ill-
structured mathematical problems or problems with more than one correct answer: Creating
Equal Number Task (CEN, Tsamir et al., 2010), Mathematical Problem-Solving Measure
(Vessonen et al., 2024), and Problem-Solving Performance Instrument (Nam et al., 2019).
The Creating Equal Number Task (Tsamir et al., 2010) required children to distribute a num-
ber of bottle caps so that there were an equal number of bottle caps on each side of a table.
After the first rearrangement was done, the children were asked whether they could think of
another way to rearrange the bottle caps. Not only the solutions the children came up with
were assessed, but also the strategies they applied to rearrange the bottle caps. In addition
to well-structured mathematical problems related to categorising, comparing, patterning,
and numbering, the Problem-Solving Performance Instrument (Nam et al., 2019) requires
children to compare the length of lines using craft materials (e.g. pieces of paper, paper
clips, strings, pipe cleaners). After finding a solution, children are asked to think of multiple
ways to find out which line is longer. Likewise, the Mathematical Problem-Solving Measure
(Vessonen et al., 2024) includes both open-ended problems in addition to closed ones. For
the open-ended problems, children were asked to sort different objects into groups in differ-
ent ways and to explain the criteria they used for sorting. In another item, they were asked
to organise different coloured ice cream balls in a paper cone in multiple ways or to match
shoes with monsters in multiple combinations.

The Design Portfolio (Bartholomew et al., 2019) explicitly address problem solving in
integrated STEM. As mentioned above, children are asked to design a solution to problem
that emerges in popular children's rhymes. This requires them to think outside the individual
STEM-boxes and find their way in a barely limited problem space.

Assessment procedures and psychometric properties of the
assessment methods

The third research question relates to the procedures and psychometric properties of the
test. This section presents the administration procedures (including format, administrator, lo-
cation and duration) and reported types and metrics related to reliability and validity. Table 5
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provides an overview of key aspects concerning procedures and psychometric properties of
the assessment methods as reported in the studies.

Assessment procedures

In most studies, the assessment was administered by an external assessor, not affiliated
with the school of the participants, including researchers, (n=13), graduate students (n=2)
and research assistants (n=1). In two studies, the preschoolers' own teacher conducted
the assessment (Nam et al., 2019; Van Elsen et al., 2024). Six studies did not specify who
administered the assessment.

In seven of the 10 studies that reported the location, the assessment took place in a quiet,
separate classroom. The three other assessments were conducted in the participant's own
classroom. More than half of the studies (58%) did not provide any information on the as-
sessment location.

The reported duration of assessment administration ranged from 3 to 180min.
Approximately half of the studies that provided information on duration reported a time frame
between 10 and 30 min. Three studies indicated a duration of more than 30 min (Annevirta &
Vauras, 2006; Bartholomew et al., 2019; German & Defeyter, 2000). In two studies, partici-
pants were not subject to any time restrictions (Gardiner et al., 2012; Hong & Milgram, 1991).

In all but two studies, the assessment was administered individually. Guevara et al. (2020)
assessed the children in pairs and in the study of Anggoro et al. (2021) the assessments
were carried out classically.

Psychometric properties of the assessment methods

Six included studies did not report any issues or statistics concerning reliability and validity.
In more than half of the studies (54%), interrater reliability was assessed and reported. In
these studies, interrater reliability was analysed by comparing scores or codes provided by
multiple raters and calculating Cohen's kappa (n=4), percentage of agreement (n=3) or
intraclass correlation (ICC, n=2). Unal and Aral (2014a) reported Wilcoxon Signed Rank
Test Scores as a measure for interrater reliability and German and Defeyter (2000) stated
that there were no disagreements between two raters. The reported kappa values range
from 0.60 (Bartholomew et al., 2019) to 0.81 (Lin et al., 2021), corresponding respectively to
moderate and strong agreement (McHugh, 2012). The percentage of agreement ranged from
67 to 100% (Parsonson & Baer, 1978). The reported ICC values range from 0.69 to 1 (Van
Elsen et al., 2024). Van Elsen et al. (2024) observed better interrater agreement between
four teachers (ICC = 1) than between four researchers (ICC=0.69-0.89). ICC values above
0.60 are generally considered fair (Cicchetti, 1994), while values exceeding above 0.75 are
regarded as desirable (Koo & Li, 2016). It should be noted, however, that different forms of
ICC exist. Test-retest reliability was discussed in five studies. The reported correlations
between tests ranged from 0.60 (Cakir et al., 2021) to 0.96 (Unal & Aral, 2014a).

Internal consistency was reported in seven studies. Cronbach's alpha ranged from 0.70
to 0.90 (Shechter et al., 2021). Cronbach's alpha around or above 0.70 is generally consid-
ered desirable (Taber, 2018). Vessonen et al. (2024) reported that internal consistency of
the mathematical problem-solving measure was acceptable for children aged 4 and 5, but
fell below acceptable levels for 3-year-olds. Therefore, the youngest age group was not in-
cluded in the statistical analyses.

Content validity was established by involving two (Nam et al., 2019), six (Shechter
et al., 2021), or ten (Unal & Aral, 2014a) experts in preschool education and research to
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evaluate the instrument (face validity). Two studies calculated the Content Validity Index
which ranged from 0.96 to 0.99, although details on how these figures were obtained and
how they should be interpreted are lacking (Cakir et al., 2021; Demirel & Deretarla Gul, 2021).
The remaining studies (n=19) did not report on content validity. Four studies examined and
reported the factor structure of a scale (construct validity) with exploratory factor analysis
(EFA). However, only (Unal & Aral, 2014a) and (Unal & Aral, 2014b) provided an in-depth
discussion of the results.

External validity was addressed by German and Defeyter (2000), who discussed results
from two replication studies, and Fusaro and Smith (2018), who briefly mentioned the gener-
alisability of their findings in the limitations section. Only Van Elsen et al. (2024) explicitly ad-
dressed ecological validity by noting that teachers were involved in the assessment process.

DISCUSSION

Problem-solving is a key competence for lifelong learning (European Commission, 2019).
Learning to solve problems takes time (Molnar et al., 2013). Therefore, teaching children
how to solve problems best starts from preschool onwards (Burns et al., 2025; Lile
Diamond, 2018; Rogers, 2004). Problem-solving is a fundamental component of STEM
education and STEM activities offer numerous opportunities for young children to engage
with ill-structured problems and develop essential problem-solving competencies (Priemer
et al., 2020). To monitor preschoolers' development of problem-solving competencies
and evaluate the effectiveness of classroom interventions, researchers and educators
need reliable and valid assessment methods. Up to now, an overview of methods that are
developed, studied or used in scientific research to assess problem-solving competencies
within the context of early STEM education research was lacking. With this scoping review,
we aimed at providing such an overview and analysed the characteristics (RQ 1), scope
(RQ 2), procedures and psychometric properties (RQ 3) of these methods. The results can
be used by researchers and educators to select, implement or develop reliable and valid
methods for assessing STEM-based problem solving.

A systematic search in Web of Science, Scopus and Eric resulted in 24 eligible studies
in which 18 different methods related to problem-solving were identified. We found that
the typical method is based on direct observation of hands-on problem assignments or is
based on oral examination, resulting in binary outcomes or count scores and focusses on
a single step of the problem-solving process in a single STEM discipline. In addition, we
found that the assessments are generally conducted individually, in a separate classroom,
by an external researcher, and last about 10 to 30 min. Finally, it became evident that most
assessment instruments had been developed on an ad hoc basis, with limited consideration
given to reliability and validity. In the following sections, we elaborate on the main findings
and discuss some limitations of our study. We end with implications and recommendations
for research and practice.

Characteristics of assessment methods

Our scoping review of the scientific literature revealed that researchers most commonly
use either observations of hands-on activities or oral examinations to assess the problem-
solving competencies of preschoolers. Both methods have their merits. Observation allows
teachers and researchers to record what preschoolers effectively do in a real-world context.
It does not depend heavily on a certain level of verbal skills, it provides opportunities to record
both verbal and non-verbal behaviour, and it offers opportunities to map social interactions
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during performance (Azevedo, 2009). Brassard and Boehm (2007) argue that observation
of meaningful, unstructured tasks is an essential part of any assessment of young children.

Oral examination, on the other hand, can be used to assess (meta-)cognitive processes
and competencies that are difficult to observe, such as coming up with multiple solutions or
reflecting. Engaging in dialogue with children can elicit reflective thinking (Stoll et al., 2012)
and allows researchers and educators to verify whether preschoolers have correctly under-
stood the problem and supports the interpretation of their observed behaviour (Snow & Van
Hemel, 2008).

Hands-on assignments often make use of easily available and familiar crafts materials
(e.g. cardboard, tape, glue, bottle caps, pipe cleaners) or popular toys (e.g. Lego build-
ing bricks). This allows children to build on their previous experience with the material's
properties and possible uses. When unfamiliar materials are being used, it is suggested to
allow them more or even unlimited time to explore the materials and their features (Gardiner
et al., 2012). Another benefit of using ubiquitous materials for the assessment is that this
makes the assessment method applicable in all preschool classrooms, which facilitates the
use of the methods in multiple studies and daily practice.

The use of visual representations, such as pictures depicting problem situations,
emerged as a common practice in problem-solving assessments. Given their developing
language skills, pictures can help preschoolers correctly interpret the problem. As stated by
Polya (1945), a problem that is not well understood, is impossible to solve. Whereas older
students can be encouraged to create their own representation of the problem (OECD, 2013),
preschoolers may benefit from visual support.

Most assessment methods, whether observation-based or based on oral examination,
result in quantitative outcomes (binary score, count score, or scale score). Although five
studies applied qualitative coding, the resulting categories were in most cases used for
quantitative analysis. Among the reviewed studies, only the Design Portfolios (Bartholomew
et al., 2019) included qualitative outcomes such as children's drawings and photographs.
In addition to other methods, portfolio assessment can be a powerful tool for researchers
and educators who want to monitor the development and learning of young children (Seitz
& Bartholomew, 2008).

Scope of the assessment methods

Altogether, the assessment methods included in this review covered all the steps of the PISA
problem-solving framework (OECD, 2013). However, our review reveals that the individual
methods generally focus on one or at most two steps of the problem-solving process. We
only found three methods that include roughly the entire problem-solving process. However,
problem-solving is more than the sum of isolated knowledge and skills (Jonassen, 1997;
Maker, 2001; Martin-Paez et al., 2019). It requires metacognitive and practical skills as
well as certain attitudes and the willingness to engage with the problem that cannot be
assessed with simple tasks (Mayer, 1998; OECD, 2013). To become proficient problem-
solvers, children must learn to integrate the different steps of the problem-solving process
(Polya, 1945). This highlights the need for a more integrated approach to assessing problem-
solving competencies in preschool education.

The same applies for the assessed STEM disciplines. Although STEM is often used as
an umbrella term for educational activities within the four STEM disciplines (Martin-Paez
etal., 2019), in the context of solving ill-structured STEM problems, STEM is best conceptual-
ised as an integrative approach to assessing and teaching science, technology, engineering
and mathematics (Wan et al., 2021). lll-structured problems are embedded in their context
and require knowledge and processes from more than one STEM discipline. However, most
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assessment methods included in this review focus on one discipline. We found five methods
that address more than one STEM discipline, but only the Design Portfolio (Bartholomew
et al., 2019) is explicitly embedded in an integrated STEM approach. These results are in
line with the concern of Douglas et al. (2020) that educational assessment in STEM is often
directed at domain-specific knowledge and skills. In formal education, segregated STEM
problems (i.e. problems involving only knowledge and skills from one STEM discipline) are
typically well-structured, resulting in one best and known solution and are associated with
direct instruction and a focus on content (Nadelson & Seifert, 2017). According to Martin-
Paez et al. (2019), an isolated approach to the STEM disciplines is far removed from authen-
tic, ill-structured STEM problems. Therefore, there remains a need for assessment methods
that incorporate ill-structured problems and integrate the STEM disciplines.

Although initially underrepresented (Kelley & Knowles, 2016), technology and engineer-
ing have gained attention in recent years and are now seen as an important component
of science and mathematics (Bryan & Guzey, 2020). Among the assessment methods in-
cluded in this review, 46% address technology either exclusively or in combination with other
STEM domains, which is substantially higher than the 21-25% observed for the other STEM
domains. Of all STEM disciplines, technology is perhaps the most visible aspect of real-life
problems (Aydin Gunbatar et al., 2022). Technology is also the most ‘tangible’ STEM disci-
pline, making it more accessible to preschoolers. Technology is instrumental for assessing
and teaching other STEM disciplines.

Engineering, on the other hand, is somewhat less represented in the identified assess-
ment methods in this review (21%). According to Martin-Paez et al. (2019), engineering can
bring all STEM-disciplines together. Engineering is strongly related to design. Two stud-
ies included in this review explicitly relate problem solving to the engineering design pro-
cess (Anggoro et al., 2021) or design thinking (Bartholomew et al., 2019). Both methods
cover nearly the entire problem-solving process. Although design is not part of the STEM-
acronym, engineering design is ‘the interdisciplinary glue’ between all STEM disciplines
(Tank et al., 2018, p. 183) and has the potential to integrate all steps of the problem-solving
process (English, 2023).

Assessment procedures and psychometric properties of assessment
methods

Most assessments described in the included studies were conducted individually in a quiet,
controlled environment under the supervision of a researcher or assistant. This aligns with
the observation of Rhodes et al. (2024) that problem-solving competencies in preschoolers
are typically assessed in controlled settings, removed from the authentic classroom context.
However, Brassard and Boehm (2007) and DeLuca et al. (2020) emphasise the importance
of embedding preschool assessment in authentic learning environments.

Consistent with the findings of Cutumisu et al. (2019), most studies implemented a new
assessment method tailored to their specific needs, while giving limited consideration to
key issues related to the method's reliability or validity. In line with Barghaus et al. (2022)
and Burns et al. (2025), our review reveals that limited attention is given to the psychometric
properties of instruments that are used in research to assess problem-solving competencies
in preschoolers. A quarter of the reviewed studies lack any reporting on the reliability and
validity of the assessment instruments used. Although half of the studies report statistics
on interrater reliability, other aspects related to reliability and validity are often overlooked.

The reported psychometric properties generally fall within the acceptable to strong
range, with Cronbach's alpha values around or above 0.70 (Taber, 2018), ICC values
around or above 0.75 (Koo & Li, 2016) and Cohen's Kappa values around or above 0.80

d ‘2 '9202 '€T996V0C

wouy

0 PLE SWB | 941 395 *[9202/90/0T] U0 AIGIT 2UIIUO 1IN * LMY IRISBAIIN - USSI3 LB ASHOL AQ T8TOL EABIZ00T OT/I0pAUC" B I ARG L

fopm Al

35UBD 17 SUOWIWOD aAE8.D ajqedt|dde ay) Ag pauenob ae ssp e O ‘asn Jo sajni 10) Ariqi auluQ A3|Im uo



30033 | Review of Education VAN ELSEN ET AL.

(McHugh, 2012), although some results approach the lower threshold. In studies where
inadequate internal consistency or reliability was identified, the authors either excluded part
of the data (Vessonen et al., 2024) or refined the instrument further (Anggoro et al., 2021).

Consistent with Burns et al. (2025), we found that reliability and validity were only system-
atically examined for the Problem Solving Scale in Science Education (PSSSE) developed
by Unal and Aral (2014a). Here we add that Cakir et al. (2021) and Demirel and Deretarla
Gul (2021) also address multiple aspects concerning validity and reliability in their respec-
tive studies, albeit in a more limited and less systematic manner. These findings underscore
the need for reliable and valid problem-solving assessment methods in early childhood, as
recently emphasised by Burns et al. (2025).

Limitations

For this review, we followed the rigorous JBI and PRISMA standards for scoping reviews.
Nevertheless, this scoping review is not without limitations. We only included peer reviewed
journal articles. Although scoping reviews allow for the inclusion of grey literature (e.g.
Pollock et al., 2021), it was not possible to provide a systematic and exhaustive overview
of problem-solving assessments based on grey literature due to limited accessibility and
variety of this type of evidence. In addition, grey literature does not always meet the required
quality criteria concerning reliability and validity. As a result, this review may be subject to
publication bias since we may have missed interesting assessment methods that were not
published in scientific journals or indexed by Scopus, Web of Science, and Eric.

There is also a potential risk of bias due to the study selection. For this review, we only
included studies that used assessment methods involving ill-structured or open-ended prob-
lems. However, the classification of problems in ill-structured and well-structured problems
is not unambiguous. As Jonassen (2010) points out, all problems can be situated on a con-
tinuum of structuredness. Consequently, we had to make informed judgements about the
inclusion of studies that focused on problems situated midway along the continuum. To
ensure consistency, we compiled a list of types of problems encountered during the initial
screening round. This list was then discussed with the research team, and decisions about
inclusion and exclusion were made by consensus. The resulting list was subsequently used
during the second round of screening.

Finally, it is worth noting that we deviated from our initial protocol in two ways. In scop-
ing reviews, study selection and data extracting is often an iterative process (Aromataris &
Munn, 2020; Levac et al., 2010; Pollock et al., 2021). Given the diversity of problems used
to assess problem-solving competencies, we slightly adjusted the eligibility criteria by spec-
ifying eligible problem types and conducted a second round of screening. After the first
round of screening, we also decided to adjust the stopping criteria during title and abstract
screening. Rather than stopping after 50 consecutive rejections as initially planned and
recommended by Ros et al. (2017), we chose to continue until 100 consecutive rejections to
minimie the risk of overlooking relevant studies.

Implications for practice and research

The current review illustrates the tendency to approach problem-solving assessment in a
segregated STEM structure. In most K-12 education systems, STEM is discipline-based,
while STEM problems are not (Nadelson & Seifert, 2017). Rethinking the historically rooted
division of STEM disciplines can be conducive to assessing and teaching competencies
that are needed for solving authentic, ill-structured STEM-problems. According to Nadelson
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and Seifert (2017), researchers and educators also need the knowledge and willingness to
introduce ill-structured or open-ended problems in the classroom and feel comfortable with
the associated uncertainties. Allowing children to engage in ill-structured problems means
giving up discipline-boundaries and control of the problem space.

We also note that there is still a need for assessment methods that can be administered
multiple times and can be used for monitoring the development of preschoolers' problem-
solving competencies in longitudinal studies, longitudinal studies, or studies with a pretest,
post-test, retention test design. Most methods included in this review can only be admin-
istered ones. Problems previously encountered and solved, are no longer real problems
because preschoolers can build on prior experience and are expected to already know a
solution or a solution strategy.

The study revealed a notable lack of assessment instruments for which reliability and
validity have been thoroughly examined. This impedes research on the development of
children's problem-solving competencies and the effectiveness of problem-solving inter-
ventions. To move the field forward, there is a clear need for developmentally appropriate,
reliable, valid and authentic assessment methods that reflect children's real-world problem-
solving competencies. We also found that researchers often develop ad hoc assessment
tools tailored to the specific needs of their studies. Reusing existing instruments can facili-
tate the validation of these instruments. Alternatively, new instruments can be developed in
accordance with the guidelines outlined in the Standards for Educational and Psychological
Testing (AERA et al., 2014).

Among the 18 methods we found, Bartholomew et al.'s (2019) Design Portfolio stands
out in several ways. First, it captures nearly the entire problem-solving process by asking
children to draw their ideas (Representing and Formulating), plan their actions (Planning),
effectively build the design (Executing), and evaluate if the design worked (Monitoring and
Reflecting). Although Exploration and Understanding are not included in the assessment,
they can easily be added since the assignments already elicits exploratory behaviour by
asking children explicitly to explore the materials. Preschoolers' Understanding can be de-
rived from their drawings and follow-up questions. Second, the Design Portfolio explicitly ad-
dresses STEM in an integrated way. Third, it makes use of tangible materials and follow-up
questions to get a better understanding of what has been observed. Although the Design
Portfolio as such may not be directly applicable as an assessment method in preschool
practice due to the necessity of qualitative coding, it offers a promising mix of elements that
can be further refined and developed into effective assessment tools.

Observing children solve engineering design problems and engaging in dialogue
with them seems another promising way to assess their problem-solving competencies.
Engineering design problems are motivating, open-ended, hands-on problems that require
children to construct or craft solutions by going through all steps of the problem-solving
process (Cunningham et al., 2018; Dubosarsky et al., 2018; Isabelle et al., 2021), incorpo-
rating all STEM disciplines (Tank et al., 2018). These types of problems closely align with
preschoolers' play and daily activities in preschool classrooms, which makes them suitable
for authentic educational assessment.

CONCLUSION

This scoping review provides an overview of the characteristics, scope, procedures and
psychometric properties of assessment methods that are developed, studied or used in
scientific research to assess preschoolers' problem-solving competencies. The findings
support researchers and educators in selecting, implementing or developing reliable and
valid instruments, ultimately contributing to a more comprehensive understanding of these
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competencies. Our review of the scientific literature revealed that there is still a need for
scientifically substantiated, reliable, and valid methods to assess STEM-based problem
solving in an integrated way. The review also highlights the need for increased attention to
and transparency concerning the procedures and psychometric properties of assessment
methods. Based on our findings, we propose combining observation of hands-on problem
assignments with oral examination as an age-appropriate method for assessing preschoolers'
problem-solving competencies.
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Endnote

"This search string conforms to the syntax of Scopus. The W/5 in the first argument is a proximity operator to allow
a distance of five words between both terms.
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