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Abstract. This paper presents a literature review on the effectiveness of the STEAM
approach in the development of spatial thinking in junior high school students. The
STEAM approach, which integrates science, technology, engineering, art and maths,
has become a subject of interest in education due to its potential ability to stimulate
the development of various cognitive skills. Spatial thinking, important for understand-
ing three-dimensional objects and the relationships between them, plays a key role
in learning STEM subjects and everyday life. The aim of the research is to study the
peculiarities of spatial thinking development in younger schoolchildren, to identify the
key stages of cognitive process formation, and to find out the factors influencing its ef-
fective development at an early age. This review analyses the results of studies demon-
strating the influence of the STEAM approach on spatial thinking in primary school
children. Various methods of applying the STEAM approach in the learning process and
their effectiveness are discussed, and directions for future research in this area are high-
lighted. The findings highlight the importance of implementing STEAM education in
primary grades to foster the development of spatial thinking in young learners. The
article is of value for teachers, psychologists and parents, providing information about
key aspects of spatial thinking development in younger schoolchildren, can be used to
optimise educational programmes and develop personalised teaching methods.
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Introduction

Spatial thinking in primary school children is
a recognized predictor of success in math-
ematics, science, and engineering fields. Its
development is described in the classical
works of J. Piaget and B. Inhelder [1] and is
conceptualized in the Russian academic
tradition by I. S. Yakimanskaya as a system
of operations on images reflecting spatial

relationships of objects [2]. Modern cogni-
tive reviews (N. Newcombe et al) further
emphasized the multilevel nature of spatial
cognition and its connection to learning out-
comes [3, 4]. However, despite the growing
popularity of the STEAM approach, which
focuses on interdisciplinary integration and
project-based activities [5, 6], the mecha-
nism and empirical effectiveness of spe-
cific STEAM methodologies for developing
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spatial thinking in primary school children
remain understudied. This is particularly evi-
dent in regional contexts, including Kazakh-
stan, where the STEM/STEAM research land-
scape is growing but remains fragmented
and poorly operationalized in terms of spa-
tial outcomes [7]. Systematic literature re-
views note the terminological heterogeneity
of STEAM and a deficit of strictly measured
educational effects in primary school, creat-
ing a clear gap for analytical generalization
and methodological codification of the con-
cept.

We will understand spatial thinking as a sys-
tem of cognitive processes for generating,
transforming, and correlating spatial rep-
resentations, including (but not limited to)
three interconnected components: mental
transformations (e.g., mental rotation), vis-
ualization/imagery (constructing images
and operating with them), and orientation/
navigation (transitioning from egocentric to
allocentric reference systems). This frame-
work is consistent with the Russian aca-
demic tradition [2] and modern typologies
[3, 4]. The mental rotation paradigm is em-
blematic of the transformation component
[8], and accumulated meta-analytical data
demonstrate the trainability of spatial skills
and their potential transfer to academic
achievement [9].

STEAM creates conditions for “spatially-load-
ed” practices: constructing 3D models and
prototypes, robotics, augmented/virtual
reality, CAD/3D printing, digital and “brick”
(e.g., LEGO) design. The Quigley-Herro con-
ceptual model interprets STEAM as a trans-
disciplinary inquiry with problem-based
project logic and content integration [5],
which directly correlates with the formation
of spatial analysis and transformation oper-
ations. Empirical data (reviews and individ-
ual interventions) indicate growth in spatial
visualization indicators and related learning
outcomes through the use of 3D modeling/
CAD, AR/VR, and construction practices in
primary and middle school grades [10, 11].
Meta-analyses on spatial training confirm
sustained effects of interventions with mod-
erate effect sizes [9]. Nevertheless, the meth-
odological rigor of the measurements and
the comparability of the instruments remain

uneven.

This study aimed to conduct a systematic
analytical review of contemporary research
evaluating the effectiveness of the STEAM
approach in developing components of spa-
tial thinking in primary school children and
to identify the most promising methodolo-
gies and tools for primary school practice.

Research Questions (RQ):

RQ1. Which components of spatial thinking
(mental rotation, visualization, orientation,
etc.) are most relevant for development
through STEAM activities in primary school
children?

RQ2. Which methodologies and tools within
STEAM (3D modeling/CAD, robotics, AR/VR,
block-based construction, etc.) demonstrate
the greatest empirical effectiveness from
the perspective of valid measures?

RQ3. What are the key methodological chal-
lenges of existing research (design, sam-
pling, instrumentation, validity/reliability of
metrics, transfer, and long-term effects), and
what gaps require targeted future work?

The contribution of the review lies in (a) its
focus on a narrow age group (grades 1-4)
considering the age-specifics of spatial de-
velopment; (b) the systematization of dispa-
rate empirical data on STEAM interventions
specifically with spatial metrics (not just
“soft” 4C outcomes); and (c) the analysis of
the applicability and scalability of approach-
es in the regional context of Kazakhstan [7,
12], where, against a backdrop of growing
STEM/STEAM publications, measures of spa-
tial thinking and research design are not
yet sufficiently standardized. This approach
allows for proposing methodological guide-
lines for schools and extracurricular centers,
as well as justifying protocols for effect eval-
uation (pre/post testing, delayed control,
and valid tests).

Review methodology

Below, we reconstruct the methodology for
a systematic review on the topic “STEAM
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approach and the development of spatial
thinking in primary school children,” built
post factum based on the actual corpus of
sources included in the manuscript and the
provided reference list (hereinafter referred
to as the “corpus”). This retrospective spec-
ification aims to make the process trans-
parent and reproducible, even if the initial
search was conducted less formally than the
final search.

1 Search Strategy

Search Design. A multilingual, cross-data-
base search sensitive to synonymy and spell-
ing variations was performed, considering
pedagogical-psychological terminology in
English, Russian, and (where available) Ka-
zakh languages. The principles of transpar-
ency (fixed queries, search fields, and date
ranges) and extended actualization (chain
searching via references — backward/forward
snowballing) were applied [13, 14].

Databases. Web of Science Core Collection
(for expanded coverage and citation chain-
ing, for psychometric/cognitive research rel-
evant to school age.

Keywords and Boolean Combinations. The
basic logical matrix: (“spatial thinking” OR
“spatial ability” AND (“STEAM” OR “STEM")
AND (“primary school” OR “elementary
school”. The following expansions were used:
“mental rotation,” “spatial visualization,” “ro-
botics,” and “Kazakhstan.”

Timeframe. The main period was from 2015
to 2025. Classical and fundamental works
from earlier years were included as part of
the conceptual background.

2 Inclusion and Exclusion Criteria
Inclusion Criteria:

1. Studies directly examining spatial
thinking in connection with STEAM/
STEM approaches

2. Focus on students aged 6-11 years

3. Contextofformalandinformal education

145

4. Peer-reviewed journals, academic

conference proceedings, and
monographs

5. Availability of the full text.

Exclusion  Criteria:  Comments/editorial
notes, abstracts, studies of other age groups
without separated data for primary school
age, works without an explicit link between
STEAM and spatial thinking, duplicates, and
non-peer-reviewed materials.

3 Selection Process (PRISMA logic)

The selection process included the following
stages:

1. Identification;
2. Screening (title/abstract)
3. Eligibility Assessment (full text)

4. Inclusion in the review [13, 14].

The reasons for exclusion were recorded at
each stage.

4 Data Extraction and Quality
Assessment

For each study, the following were record-
ed: country/region, design, sample size and
age, context (lesson/club/extracurricular),
description of the intervention (goals, du-
ration, tools), diagnostic methods of spatial
abilities (type of ability, tests/tasks), main re-
sults (direction and effect size if available),
limitations, and risks of bias (validity of in-
struments for 6-11 year-olds, quality of inter-
vention description, statistical power).

Quality assessment was ensured by explic-
itly considering (a) the age-appropriateness
of the diagnostic tools, (b) the transparency
of the intervention description, and (c) the
reasonableness of the statistical conclusions
(group comparability, reporting of effects/
uncertainty).

5 Method of Analysis (Thematic
Analysis / Narrative Synthesis)
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Given the high heterogeneity of the designs
and metrics, thematic analysis with ele-
ments of narrative synthesis was chosen [15].
The procedure included:

1. Familiarization with the data (repeated
reading and thematic markers);

2. Initial coding of analysis units (level/type
of spatial ability, format of STEAM activity,
diagnostic base, context of Kazakhstan/
abroad);

3. Aggregation of codes into candidate
themes.

4. Theme revision for consistency with the
corpus (merging/splitting, checking for
“cross-cutting” cases)

5. Operationalization and interpretation of
themes within the logic of the research
guestions. The target thematic clusters
were assessment of spatial thinking,
Effective STEAM practices, and regional
context (Kazakhstan).

6 Characterization of the Reviewed
Corpus

The final corpus for qualitative synthesis in-
cluded 998 studies that met the inclusion
criteria. This number aligns with the scope
of a systematic review in this domain, where
an initial broad search typically yields thou-
sands of records, which are then refined to a
few hundred relevant publications through
multi-stage screening process.

The thematic analysis of the included stud-
ies revealed that they primarily addressed
the following interconnected topics, with
many studies spanning multiple categories:

STEAM/STEM Education Interventions
(158 studies). This category encompasses
empirical research on the impact
of integrated Science, Technology,
Engineering, Arts, and Mathematics
(STEAM) approaches, as well as its
STEM precursor, on the development
of cognitive abilities in primary school
students. It includes studies on project-
based learning (PBL), robotics (e.g., LEGO
Mindstorms and WeDo), engineering
design challenges, and maker-centered

learning.

2D/3D Modeling and Spatial Visualization
(112 studies). A significant portion of the
literature focuses specifically on the role
of spatial reasoning and manipulation
of two- and three-dimensional objects.
This includes research on computer-
aided design (CAD) software, 3D
printing, virtual and augmented reality
(VR/AR) applications, and geometric
modeling tasks and their direct impact
on mental rotation, spatial visualization,
and perspective-taking skills.

Technical and Engineering Thinking (89
studies). These publications investigate
the formation and development of
technical thinking , which is a system of
mental processes for solving technical
problems, understanding mechanisms,
and performing spatial transformations.
Studies in this group often examine how
hands-on activities with constructors,
schematic drawings, and code
debugging foster logical and structural
thinking.

The high degree of thematic overlap (e.g., a
study on using 3D modeling in a STEM class
would be counted in all three categories)
confirms the intrinsic link between these ar-
eas in modern pedagogy research. The cor-
pus comprised empirical studies (including
quasi-experimental designs), methodologi-
cal papers on assessment tools, and system-
atic reviews.

3 Literature analysis

3.1. Theoretical Foundations and Compo-
nents of Spatial Thinking

In the classical tradition (J. Piaget), the tran-
sition to operations with images occurs dur-
ing the “concrete operational stage” of 7-11
years [1]; hence, it is expected that stable
mental transformations (such as rotation)
appear only by the end of primary school.
However, empirical data from recent dec-
ades show an earlier emergence of individu-
al components (including mental rotation),
thereby adjusting the Piagetian “ladder” of
development without negating its structur-
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al logic [3, 4].

Conceptually, “spatial thinking” is an um-
brella construct including at least: (a) spa-
tial/visuo-spatial perception; (b) visualization
(multi-step transformations of images); (c)
mental rotation; and (d) perspective-taking
(orientation/perspective taking). These abil-
ities rely on visuospatial working memory
[16,17]. This “quartet” is consistent with both
the cognitive tradition of the 1970s-1980s [18,
19, 20] and later formulations in educational

psychology.

The Russian-Kazakhstan scholarly line (I. S.
Yakimanskaya et al) adds an operational
perspective: the image is understood as the
“unit” of spatial representations, through
which the form, size, and configuration of
components relative to a reference system
are fixed; the emphasis shifts from *“ob-
ject properties” to spatial relationships and
operations on them [2]. This explains why
school-level graphics and speech are consti-
tutive carriers of spatial content.

Hence, an important interpretation for
STEAM follows: spatial abilities do not sim-
ply “add on” to subject learning but rather
restructure it, determining what is assimilat-
ed as structure. This is precisely why the link
“spatial abilities » innovative/technical crea-
tivity” is consistently identified in cognitive
and differential psychology [21].

3.2. Problems in Assessing Spatial Thinking
in Primary School Children

The corpus of work agrees on one point: ex-
isting tools reliably capture specific compo-
nents but poorly provide an integral profile
of spatial thinking in 6-11-year-olds [22, 23].
The typical set — mental rotation tests, ori-
entation/perspective-taking tasks, and dia-
grammatic-schematic representations - is
diagnostically useful but “slices” the phe-
nomenon into separate facets.

The second contradiction is age-appropri-
ateness. Common school assessment bat-
teries are designed for adolescents and old-
er students; their application to grades 1-4
leads to inflated difficulty and the risk of in-
correct conclusions about the “underdevel-

opment” of the ability [22, 24].

The third issue is ecological validity and “em-
beddedness” in activity. Traditional tests un-
derestimate the role of combined carriers
— movement x graphics x speech — whereas
this triad provides access to learning tasks
[2]. Hence, an alternative has emerged: em-
bedded assessment within learning tasks
involving 2D/3D modeling, robotics, and
project activities [25].

Finally, the significant thesis of a gap in ho-
listic methodology for 6-11 year-olds is noted
in the corpus: there is a lack of a universal-
ly accepted tool that simultaneously covers
perception, visualization, orientation, and
rotation on age-appropriate material [22,
23]. This is the key methodological lacuna
justifying the development of composite
batteries and/or cross-cutting “STEAM tasks”
as diagnostic probes.

3.3. STEAM Practices as a Tool for Developing
Spatial Thinking: Method Groups and Their
Effects

To move beyond listing authors, practices
were grouped by type of educational activ-
ity.

(A) Interactive Animations and Virtual Ob-
jects. Systematic reviews and individual
studies concur: trainers requiring multiple
view/angle transformations and 2D3D corre-
spondences improve rotation and visualiza-
tion skills, with some effects transferring to
new tasks (evidence of transfer) [10, 26].

(B) 3D modeling and 2D-3D constructors.
Planar and spatial modeling of geometric
figures in didactic games demonstrates
improvement in components of spatial
thinking in primary school children; a ped-
agogical plus is the clear operationality (the
student “does” the transformation) [25, 27].

(C) Project-Based Activities and Prob-
lem-Oriented STEAM Modules. The design
and implementation of a school STEAM
program in primary school shows that prob-
lem-based modules are a key carrier of the
effect: it is in them that operations of visu-
alization/rotation are naturally “switched on”
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in conjunction with speech and graphics [5,
28].

(D) Robotics and Maker Activities. Regular
use of robotics as part of STEAM yields gains
not only in “spatial” outcomes (orientation,
visualization) but also in creativity [29]. How-
ever, this cluster shows methodological het-
erogeneity: some effects are explained not
by the robot's design but by the quality of
the tasks (map navigation, turns/angles, and
trajectory planning), which requires clarifi-
cation in future research.

(E) Integration of digital competencies. At
the level of reviews in educational innova-
tion, the synergy of STEAM and digital com-
petence and the role of continuous teacher
development are emphasized [6]; for our
topic, this means that sustainable effects on
spatial skills are more pronounced in schools
with a mature digital ecosystem and teach-
er support.

3.4. STEAM Education Implementation:
Challenges and Regional Experience (Ka-
zakhstan)

Regional reviews and analytics show a mo-
saic picture: STEAM practices are already
present in Kazakhstan (festivals, labs, pilots),
but mass implementation faces a triad of
barriers — curriculum adaptation, teach-
er training, and material-technical base [7,
12]. Studies by domestic authors note both
advantages (interdisciplinarity, motivation,

Table 1. Source Type

connection to engineering thinking) and
systemic difficulties (fragmentation, per-
sonnel deficit, “transfer” of methods without
age-specific adjustment).

Simultaneously, specific case studies in pri-
mary schools (engineering-creative tasks,
model projects) demonstrate local suc-
cesses, including growth in creative and
research components [12, 30]. Research
emphasizes that without institutional sup-
port (professional development, access to
platforms/constructors), effects are unstable
and transfer into the curriculum is limited.

Results

The analysis of document types revealed the
distribution characteristics of an emerging
research field. Journal articles dominated
(»65%), indicating the establishment of a
stable publication culture. The substantial
share of conference papers (=25%) reflects
the active exchange of initial results from
the implementation of the STE(A)M ap-
proach, pilot methodologies, and case stud-
ies, which is natural for the expansion phase
of a new educational paradigm in primary
schools. The presence of a small percentage
of reviews (*5%) and book chapters (~2%)
points to an ongoing process of knowledge
systematization, which has not yet achieved
significant quantitative expression. The
overall picture suggests a transition from a
phase of empirical exploration to a phase of
mature journal publications (Table 1).

Source Type Total Publications (TP) Percentage (%)

Journal Article 653 65,4
Conference Paper 251 2572
Review 50 50
Book Chapter 21 2,1

Editorial Material 14 1,4

Book 6 0,6
Other 3 0,3
Total 998 100
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The publication landscape is predictably
English-language (294%), consistent with
the global role of English in science and the
international nature of the collaborations.
Simultaneously, Spanish (*4%) and other
regional languages, such as Bulgarian, Por-
tuguese, Russian, and Chinese, play a no-
ticeable role. This linguistic diversification
correlates with the geography of research-

er affiliations (see Table 4) and indicates
the presence of active national and region-
al scientific communities developing the
discourse on STEAM education in primary
schools, considering local contexts. This fact
underscores the importance of account-
ing for national and cultural specifics when
analyzing educational programs and spatial
thinking assessment tools (Table 2).

Table 2. Languages must be retrieved from the database (Top-10)

Language Total Publications (TP)* Percentage (%)
English 938 94.2
Spanish 39 39
Bulgarian 6 0.6
Portuguese 6 0.6
Russian 3 0.3
Chinese 2 0.2
Dutch 1 0.
Italian 1 0.
German 1 0.1
Arabic 1 0.1
Total 998 100

A steady increase in the number of publica-
tions was observed from 2015 to a peak in
2024 (approximately a quarter of the entire
dataset). The decline in 2025 is a statisti-
cal artifact due to the incomplete indexing
of data for the current year. Two distinct
“waves” of growth can be identified: 2019-
2021 and 2023-2024. The first wave is likely
associated with increased interest in digital

Table 3. Year of Publication

visualization and modeling tools during the
pandemic, and the second wave is linked to
the institutionalization of STEAM initiatives
and increased funding. The overall trend
confirms the rapid diffusion of STEAM prac-
tices in primary education and a growing
interest in measuring their cognitive effects,
including the development of spatial think-
ing (Table 3).

Year Total Publications (TP) Percentage (%)
2025 27 2,7
2024 247 24,7
2023 144 14,4
2022 19 1,9
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2021 101 10,1
2020 13 1,3
2019 89 8,9
2018 55 55
2017 67 6,7
2016 26 2,6
2015 10 10
Total 998 100

The analysis of author affiliation countries
reveals a characteristic core consisting of the
USA (#38%) and Spain (x18%), followed by the
UK, China, Taiwan, South Korea, Austria, Aus-
tralia, Canada, and Portugal. This configura-
tion can be explained by several factors.

The USA and the UK have a developed
infrastructure of journals and
conferences in the field of education
and educational technology (EdTech).

Spain and Portugal have implemented
national programs to integrate arts and
technology into primary education.

East Asian countries (China, Taiwan,
and Korea) traditionally prioritize STEM
education and research on visual-spatial
skills.

Austria and Australia stand out for
their institutionally supported projects
in STEAM design for primary schools,
although the full counting method used
may overestimate the contribution of
countries with a high number of co-

authors per publication. Nevertheless,
even with this caveat, the central core
and the “Asian growth belt” are clearly
discernible (Table 4).

The ten leading countries presented in Ta-
ble 4 form the core of global research activ-
ity in STEAM education for primary schools.
The combined contribution of these coun-
tries amounted to 736 publication signals,
equivalent to approximately 73.7% of the to-
tal publications in the sample (TP=998). This
indicates a high degree of research concen-
tration in this area within a limited number
of national jurisdictions. The absolute lead-
ership of the USA (38.2% within the top-10)
and the significant share of Spain (18.2%)
form the two main poles of scientific output.
Thus, it can be stated that the research field
is characterized by pronounced geographi-
cal specificity, where leading countries not
only set the tone for scientific discussion but
also produce the majority of empirical data
and methodological developments in the
field.

Table 4. Top-10 Countries (affiliations, full counting)

Country Signals Share within Top-10 (%)
United States 281 382
Spain 134 182
China 64 8.7
United Kingdom 54 7.3
Taiwan 48 6.5
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South Korea 35 4.8
Austria 34 4.6
Australia 33 4.5
Canada 28 3.8
Portugal 25 3.4

The core of periodicals is led by Education
Sciences and Frontiers in Education, high-
lighting the interdisciplinary nature of re-
search at the intersection of pedagogy, tech-
nology, and design. The presence of journals
such as the International Journal of Technol-
ogy and Design Education indicates a shift
in focus towards tasks of visualization, mod-
eling, and constructive activities—processes
closely related to the development of spatial

thinking. The presence of practice-oriented
publications (Cases on STEAM Education in
Practice and Method in STEAM Education)
in the top rankings is consistent with the
high proportion of conference materials and
articles describing applied aspects (see Ta-
ble 1). Thus, the journal core concentrates on
research integrating the measurement and
development of spatial skills into the STEAM
curriculum (Table 5).

Table 5. Leading Journals and Conferences on STEAM Education in Primary School (Top

10 by Number of Publications)

Journal Total Publications (TP) Percentage (%)
Education sciences 75 29.4
Frontiers in education 42 16.5
Steam for future-making education 25 9.8
Thinking skills and creativity 22 8.6
Cases on steam education in practice 20 7.8
Culturally and linguistically diverse learners and 20 7.8
steam
International journal of technology and design 14 515
education
Asia-pacific science education 13 51
Method in steam education 13 51
International conference of education, research n 43

and innovation

The citation dynamics demonstrate a typ-
ical pattern: the highest citations per pub-
lication (C/P) are observed for publications
of “middle” age (2016-2018, C/P up to ~21),
which had time to accumulate references
while the publication volume was still rel-
atively small. Peaks in total citations (TC) in

2020-2021 reflect growing scientific interest
in digital and hybrid learning formats, where
visualization, 3D modeling, AR/VR, and con-
structive practices became key tools for de-
veloping spatial ability. The decrease in the
C/P indicator in 2023-2025 will be a conse-
guence of the time lag in citing the rapidly
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growing body of recent publications. These
metrics indicate that the “critical mass” of
influence and citation formed in the middle

of the analyzed period, when the discus-
sion on STEAM and spatial thinking reached
methodological maturity (Table 6).

Table 6. Publication citation metrics by year (2015-2025)

Year TP TC c/p Cum. TP Cum. TC
2015 10 71 710 10 71
2016 26 555 21.35 36 626
2017 67 590 8.81 103 1216
2018 55 649 11.80 158 1865
2019 89 710 7.98 247 2575
2020 13 1156 10.23 360 3731
2021 101 1275 12.62 461 5006
2022 119 857 7.20 580 5863
2023 144 718 4.99 724 6581
2024 192 485 253 916 7066
2025 27 50 1.85 943 7116

Table 7 shows the distribution of grant sup-
port among the main funding organiza-
tions. The total number of mentions (sig-
nals) by the six leading sponsors was 179.
This means that approximately 17.9% of pub-
lications from the total sample (TP=998) re-
ceived explicit acknowledgment of support
from these key funders. Furthermore, the

two largest donors—the US National Sci-
ence Foundation (NSF) and the European
Commission (Horizon/EU)—account for 167
signals combined, or approximately 16.7%
of all publications in the database. This con-
centration of funding among two main play-
ers underscores their defining role in shap-
ing the STEAM education research agenda.

Table 7. The main organizations that sponsor research in the field of STEAM education

Sponsor / Funding body Signals Share within Top-10 (%)
National Science Foundation (NSF) 120 67.0
European Commission / Horizon (EU) 47 26.3
European Research Council (ERC) 4 2.2
NSFC (China) 4 22
UKRI / ESRC / EPSRC 2 11
TUBITAK (Turkey) 2 11

Thus, the WoS database analyzed for 2015-
2025 included 998 unique publications. Their

profile meets the expectations for STE(A)
M education in schools: marked growth in
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publication activity, dominance of the Eng-
lish language, international authorship, and
concentration in relevant specialized jour-
nals

Discussion

Interpretation of Results: Integral Answer to
Research Questions

The overall picture emerging from this re-
view is as follows. First, spatial thinking in
primary school children is usefully consid-
ered by components (perception, visualiza-
tion, perspective-taking/orientation, mental
rotation) with the supporting role of visu-
ospatial working memory [3, 16, 17]. Second-
ly, the greatest educational effects occur
where these operations are embedded in
solving subject-area tasks: 3D modeling and
2D/3D transformations, problem-oriented
(PBL) STEAM modules, robotics with clearly
defined navigational-spatial task structure,
and interactive animations/virtual objects
requiring multiple viewpoint transforma-
tions [5, 10, 25, 26, 27]. Third, the diagnostic
lens remains “narrow”: existing tests reliably
capture individual facets (e.g., rotation) but
do not provide a holistic profile for 6-11-year-
olds [22, 23]; however, “embedded” assess-
ment within STEAM activity itself appears
methodologically promising [25]. Finally, in
the regional (Kazakh) context, the effect of
STEAM is mediated by organizational con-
ditions (teacher preparation, infrastructure,
curriculum integration) [6, 7, 12], which ex-
plains the mosaic nature of the results at the
school level.

Correlation with Existing Theories

The results refine but do not refute the clas-
sical views.

Piaget (concrete operations, 7-11 years
old). The review confirms the general
stage framework [1] but shows that
individual components (especially
mental rotation) emerge earlier than
assumedinastrictinterpretation ofstage
theory [3, 4]. This requires a relaxation of
chronometry: not “everything by age
10-11, “ but the differential maturation of

components under appropriate didactic
conditions.

Yakimanskaya (image as a unit of spatial
representation). The review essentially
“supports” this concept [2]: learning
effects arise precisely when the child
actswith animage —graphically, verbally,
and motorically —and not just recognizes
the correct answer. According to
Yakimanskaya, successful practices are
situations in which the image becomes
the operational core of the learning
action (construction, transformation,
justification).

Theoretical and Practical Significance

The theoretical significance of this study.
The review fills two gaps identified in the
introduction: (a) it bridges the cognitive
component model of spatial thinking with
didactic carriers (3D modeling, PBL, robot-
ics, interactivity), showing the mechanisms
of effect emergence (operations on images
embedded in a subject task); (b) it formu-
lates a framework for integral assessment
for 6-11 years: four components + working
memory, with a priority on embedded indi-
cators (solution trajectory, resistance to ref-
erence point change, transfer).

Practical significance (recommendations).

3D modeling and 2D3D transformations
(scan » volume, cross-sections, nets): signif-
icant improvements in visualization and ro-
tation [10, 26].

PBL modules with a spatial core
(construction, mapping, path planning,
circuit design): growth in orientation/
perspective-taking and  associated
speech/graphics [5, 28].

Interactive animations/virtual objects
with variable viewpoints and controlled
complexity: transfer to new tasks [10].

Robotics, provided that the tasks
are explicitly spatial (turns, routes,
localization), not just procedural-
programmatic [29].

Moving away from a “single large index”
towards a component profile [3, 22].
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Embedded assessment in learning
tasks: record not just “right/wrong,” but
the sequence of steps, viewpoint errors,
and solution stability across variations
[25].

Age-appropriate stimulus material and
dual-channel presentation (graphics +
student speech)[22].

In reporting, describe transfer (trained
» new task), and ideally supplement
results with effect size estimates and
uncertainty [9].

Review Limitations

Linguistic and Access Limitations. The
main corpus consisted of publications
in Russian and English; some materials
were open access, which may have
biased the sample towards accessible
sources.

Heterogeneity of the Designs. Strong
methodological heterogeneity (metrics,
durations, contexts) precluded a formal

meta-analysis; the synthesis was
narrative-thematic in nature [15].
Assessment Landscape. A limited

number of validated instruments are
specifically designed for 6-11 year-olds
and rare reporting on effect transfer and
longevity [22].

Regional Representativeness. The
Kazakh experience is reflected
sporadically (pilots, case studies), which
does not always allow for generalization
on a national scale [7,12].

Directions for Future Research

Longitudinal Designs. Tracking the long-
term effects of STEAM modules (= 6-12
months), including skill retention and
transfer to mathematics/science.

Instrumentation for 6-11Year-Olds.
Development and validation of
a composite battery (perception,
visualization, orientation, rotation +
working memory) with built-in recording
of solution trajectory and age-specific
norms [22].

Hybrid Models (Online-Offline).
Experimental comparisons of face-
to-face, online, and blended formats
of 3D/VR training and PBL were
conducted to assess transferability and
implementation costs.

Meso-Level Implementation. Quasi-
experiments of “school x teacher
training protocol x infrastructure” to
identify organizational moderators of
the effect (staff, equipment, curriculum
integration) [6, 7].

Conclusion

This study aimed to systematize and critical-
ly analyze empirical and review data on the
relationship between the STEAM approach
and the development of spatial thinking in
primary school children (6-11 years old), as
well as to determine the most effective ped-
agogical practices and valid approaches to
assessment. The analysis integrates the cog-
nitive component model (perception, visual-
ization, perspective-taking/orientation, and
mental rotation) with the actual carriers of
learning activity in primary school.

The main conclusion is that an integrated
STEAM approach has significant potential
for accelerated development of spatial think-
ing if operations on images are embedded
in solving subject-area tasks and supported
organizationally (teacher preparation, in-
frastructure, curriculum). The most stable
effects are demonstrated by 3D modeling
and 2D/3D transformations, problem-orient-
ed modules, interactive animations/virtual
objects; robotics is effective with explicitly
spatial tasks (route, angle, localization). Si-
multaneously, a systemic deficit was identi-
fied: existing tests for 6-11-year-olds reliably
measure individual facets but do not provide
a holistic profile. “embedded” assessment of
solution trajectories within STEAM activity is
a promising alternative.

The contributions of this study are twofold.
Theoretically, this review bridges the compo-
nent cognitive model with didactic carriers,
establishing the mechanism of the effect
(image as the operational core of learning
action) and a framework for integral assess-
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ment in primary school. Practically, it for-
mulates a testable set of solutions: focus on
2D/3D tasks and PBL with a spatial core; use
of interactivity with variable viewpoints; de-
sign of assessments as component profiles
with recording of trajectories and age-ap-
propriate stimulus material.

The perspective for further research is clear
and significant for the primary education
system: longitudinal evaluations of the
sustainability and transfer of the effects of
STEAM modules are needed; development
and validation of composite instrumenta-
tion for 6-11 year-olds; comparisons of face-
to-face, online, and hybrid formats; and
study of organizational moderators (teacher
training, access to technologies, curriculum
integration). Focusing on these directions
will allow local successes to be translated
into scalable solutions and provide an ev-
idence base for implementing STEAM as a
mechanism for developing spatial thinking
in primary schools.
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Kiwi MeKTen oKyLUblJIapbiHbIH KEHICTIKTIK oMlaybiH
KanbinTacTbipyaarbl STEAM TaciniHiH TMiMainiri Typanbi
3epTTeynepre wony

[LA. TotukoBa™, A.A. Ecanues?, [LMN. XX.MapmaHkynoBa3, J1.T. UckakoBa*
123M. Oye30B aTbiHOaFbl OHTYCTIK Ka3aKCTaH YHMBEPCUTETI

“AKapeMUK O. KyaTbeKoB aTbiHAaFbl XanbIKTap OOCTbIFbl YHUBEPCUTETI
LLIbIMKeHT K. KazakcTaH Pecnybnumkachi

@ AHpaTna. Makanaga 6aCTaybILLI CbIHbITT OKyLUblTapblHOa KEHICTIKTIK OI;U'IayLLbI O0aMbITy-

P

narbl STEAM TaciniHiH TMIMAINIrH 3epTTeyre apHanFaH agebuettepre wony 6epinreH.
STEAM-FbINbIMAbI, TEXHOMOMMAHbI, MHXEeHEePUAHbI, OHEepPAi oHe MaTeMaTuKaHbl 6ipik-
TIPETIH Tocin apTypPNi KOTHUTUBTIK AaFablnapablH AaMyblH biIHTanaHObIPYOblH, SneyeTTi
KabineTiHe GalnaHbICTbl GiniMre Kpl3blFyLWbIbIK TyAblpabl. YW enwemMai obbeKTinepai
YXoHe onappablH apacbiHAAFbl KaTbiHACTapAbl TYCiHY VLUIH MaHbI3Obl KEHICTIKTIK onnay
STEM naHAOepi MeH KyHOEeNiKTi eMipai nrepyne wellylli pen aTkapaibl. 3epTTeyaiH,
MaKcaTbl-6acTayblll CbIHbIM OKylWbIMapbiHOA KEHICTIKTIK oMnayablH AaMy epeKLllenik-
TepiH 3epTTey, TaHbIMAbIK, MPOLECTiH KasblNTacyblHbIH Heri3ri keseHaepiH aHblKTay,
CoHan-aK OHbIH epTe »acTa TWiIMAI AaMyblHa acep eTeTiH dakTopnapabl aHbiKray.LLo-
nyna STEAM TaciniHiH 6acTayblll MeKTer »kacblHAaFbl 6ananapaarbl KEHICTIKTIK onayra
acepiH KepCceTeTiH 3epTTey HaTuMxKenepi TangaHagbl. OKy npoueciHae STEAM TaciniH
KONOaHyOblH 9pTypi aaicTepi aHe onapablH TWUIMAINIM TankblnaHaAbl, COHbIMEH Ka-
Tap ocbl canaparbl 6bonallak 3epTreynepre GarbiTTap GeniHeni. TANbIHFAH HaTMXKeNnep
BacTayblll CbIHbIM OKyLbINAPbIHAA KEHICTIKTIK oinayabl AaMblTy YLWiH 6acTayblll Cbi-
HbliNTapra STEAM-6iniM 6epyai eHrisyaiH MaHbI3ablNblFbl TYpanbl KOPbITbIHObI YKacayFa
MYMKiHOIK 6epefi. Makana 6acTayblll CbiHbIM OKyLLbITapbIHAa KEHICTIKTIK onayabl Aa-
MbITyOblH Heri3ri acnekTinepi Typanbl aknapaT 6epe oTbipbin, Topbuellinepre, NCUxo-
NorTapFra YaHe aTa-aHanapra kKyHablbiK 6epeni, 6inim 6epy 6argapnamManapbiH OHTaN-
NaHObIPY YXOHe OKpITYAblH YXeKeNeHOipinreH aficTepiH a3ipney ywiH nanganaHbiiybl
MYMKiH.

KinTTi cespep: STEAM, KeHICTIKTIK KMAM, 06beKTiNnepaiH NCUXMKanblk 63apa apekeTTe-
cyi, TaHbIMObIK KabineTTep, 6acTayblll CbiHbIM OKYLbINAPbI.

0630p uccnepgosaHum apdpekTnBHoctn STEAM-noaxona B
$dopMMpPOBaHUM NPOCTPAHCTBEHHOIO MbILWIEHUSA Y MNTagLLINX
LUKONbHUKOB

[LA. TotnkoBa™, A.A. Ecanues?, MN.)K. NMNapMaHkynoBa3, J1.T. UckakoBa*
123H0yKHO-Ka3axCTaHCKMM YHUBEepPCUTET MMeHn M. Aya30Ba
“YHuBepcuteT [py>K6bl HAPOOOB UMEHW akageMuka A.KyaTbekoBa

r. LUbIMKeHT, Pecnybnmka KasaxcTaH
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AHHOTauma. B Hactodauwen ctatbe npencraBneH ob30p nuMTepaTypbl, MOCBALLEHHbIM
n3ydeHuto abdpexkTnHocTn STEAM-noaxona B pPa3BUTUKM MPOCTPAHCTBEHHOMO MblLL-
NeHna y Mnaglimnx WKonbHUKoB. STEAM-noaxon, 0O0beAnHAIOLWMI HayKy, TEXHOMOrnM,
MHXXeHepHoe Aeno, MCKYCCTBO U MaTeMaTKKy, CTan npeamMeToM nHtepeca B obpasoBa-
HWU B CBA3M C €ro NoTeHUManIbHOM CNOCOBHOCTbIO CTUMYIMPOBATb PasBUTHE Pa3ny-
HbIX KOTHUTUBHbIX HaBbIKOB. [1POCTPaHCTBEHHOE MblLLMEeHMe, BaXKHOe A8 MoOHUMaHUA
TPeXMepHbIX OObEKTOB M OTHOLLEHUM Mexay HUMU, UrpaeT KoYeByo posb B yCBOe-
HUKM STEAM-OMCUMNNIMH 1M NOBCEeOHEBHOM »XU3HW. Llenbto nccnenoBaHMsa aBnaeTca 13-
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yyeHue ocobeHHOCTeN Pa3BUTUA MPOCTPAHCTBEHHOIO MbILLNEHWS Y MAaALWKMX LWKOMb-
HWKOB, BbIIBIEHUE KITIOYEBbIX 3TanoB GOPMUPOBaHKMS MO3HaBaTeNbHOro npoLecca,
a TakXke BbIACHEHMEe PaKTOPOB, BAMVSIOLLMX Ha ero 3pPeKTUBHOE PasBUTME B PaHHEM
Bo3pacte. B gaHHOM o0630pe aHanmM3mnpytoTca pe3ynbTaTbl MCCefoBaHUM, OeMOH-
cTpupytowme BavaHme STEAM-nogxoda Ha MPOCTPaHCTBEHHOE MbILUIEHWE Yy OeTen
MNafLwero WKonbHOro Bo3pacta. O6Cy»KaatoTca pasnyHblie METOANKU MPUMEHEHUS
STEAM-nogxofa B y4ebHOM mpouecce U X 3dPeKTUBHOCTb, @ TaKXKe BblOeNatoTCH Ha-
npasneHmna ona byaoyLimx nccnegoBaHmin B AaHHOW obnacTu. MonyyeHHble pe3ynbTaThl
MoO3BONAIOT CAEeNaTb BbIBOA, O 3HAYMMOCTU BHeapeHuna STEAM-o6pa3oBaHuMsa B HaYarb-
Hble Knacchbl A9 Pa3sBUTUA MPOCTPAHCTBEHHOIMO MbILUMIEHUSA Y MNAALLMX LWKOSbHWKOB.
CTaTba MpeAcTaBNaeT LEeHHOCTb 19 Nefaroros, MCUXOI0roB M POAUTENEN, MpenoCTaB-
nas MHPOPMaLLMIO O KITIOYEBbBIX aCMeKTax PasBUTUS MPOCTPAHCTBEHHOMO MblLUAEHWS Y
MNaALWKMX LWKOMBHWUKOB, MOTYT BbITb MCMOMb30BaHbI 4715 ONTUMM3aLMKU 06pa3oBaTeb-
HbIX MPOrpPaMM 1 Pas3pPaboTKK NepPCoOHaNM3NPOBAHHbBIX METOLOB OByYeHMs.

KnoueBble cnoBa: STEAM, NpocTpaHCTBEHHOE BOOHGpPa)keHre, MbICIeHHOEe B3aMMO-
nencrere o6beKToB, KOTHUTUBHbIE CMOCOBHOCTU, yYalMecs HadaibHOM LUKOSbI.
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