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Annotation

The economic geography section of the 9th-grade geography curriculum in Kazakhstan - industrial distribution,
population dynamics, transport, agriculture, regional development - is spatial in nature but taught through descriptive,
textbook-based methods. Students learn where phenomena are located but not how to reason about them spatially. This
study develops and tests a methodology for forming geospatial competence through structured inquiry tasks embedded
across the full course. A pedagogical experiment was conducted at the Republican Specialized School-Boarding for Gifted
Children named after K. Baiseitova, Almaty (2024—2025) with 37 students: experimental group (n = 18) worked through
purpose-designed geospatial tasks using Google My Maps, the electronic atlas of Kazakhstan, QGIS, and open data from
stat.gov.kz; control group (n = 19) followed standard instruction. Geospatial competence was assessed at three points
across three stages: localization, spatial correlation, and territorial analysis. Post-test results showed significant between-
group differences (t = 5.9, p < 0.001, Cohen's d = 1.94, 95% CI [1.16, 2.73]): experimental group reached 76% of
maximum score vs. 45% for controls. The widest gap was at Stage 3, independent territorial analysis: 64% vs. 22%,
suggesting that within the conditions of this experiment conventional instruction developed map reading but was
associated with only limited development of spatial reasoning. Findings offer geography teachers a curriculum-aligned
task system covering all five sections of the 9th-grade course, tested in one specialised school and requiring replication
in mainstream settings.

Keywords: geospatial competence, economic geography of Kazakhstan, spatial thinking, spatial reasoning,
geospatial inquiry, secondary school, Kazakhstan.

Introduction. The economic geography section of Kazakhstan's 9th-grade geography curriculum
- the fifth and final content block of the course - covers the distribution of industry, population,
transport, and agriculture across the country's seventeen oblasts and three cities of republican
significance. Unlike the preceding physical geography sections, this section is taught last and receives
the fewest allocated hours, a structural constraint that shapes what instruction is realistically possible.
This content is spatial by nature - yet most classrooms teach it through reading, note-taking, and
textbook maps. Students learn what is where, but not how to think about why it is there, how it
connects to other phenomena, or what the patterns reveal. The result is geographic knowledge without
geographic reasoning.

This gap has a measurable dimension. Kazakhstan's Programme for International Student
Assessment (PISA) 2022 results showed persistent weaknesses in applied reasoning tasks requiring
students to interpret and analyze in real-world contexts [1]. Geography teachers surveyed across all
regions of the country reported only moderate use of geospatial technologies in their lessons, with
most relying on mobile applications rather than structured spatial inquiry; equipment costs,
insufficient training, and time pressure were the primary barriers cited [2]. A parallel curriculum
analysis of geography objectives for grades 7—11 confirmed that while geospatial competencies are
implied in the learning goals, no explicit methodology exists for developing them systematically
across a course.

Literature review. The National Research Council [3] defines spatial thinking as a structured
cognitive capacity - the ability to represent, analyze, and reason about spatial relationships - and
argues it must be taught explicitly rather than assumed to emerge from map use alone. Three terms
are used throughout this article in a fixed sense. Spatial thinking denotes the general cognitive
capacity described above. Spatial reasoning denotes its operational component, the relating of two or
more spatial data layers and the derivation of a territorial explanation from them, and it is spatial
reasoning that Stages 2 and 3 of the assessment address. Geospatial competence denotes the
observable ability to carry out these operations on real geographic data using digital tools, and it is
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this that the present study measures. Hickman [4] demonstrates that the capacity is both teachable
and assessable: students who work through Geographic Information System (GIS)-based inquiry
tasks show measurable gains in spatial reasoning that conventional map exercises do not produce.
Gryl and Jekel [5] extend this to civic dimensions, arguing that the ability to read and critically use
geographic information is a form of spatial citizenship that secondary schools have a specific
responsibility to develop.

At Abai Kazakh National Pedagogical University, a research group has been building the
methodological foundations for geospatial education in Kazakhstani schools since 2021, drawing on
international frameworks for geospatial competence. Zwartjes and de Lazaro y Torres [6] identified
the core components of geospatial thinking competence and defined ten spatial thinking competencies
structured across complexity levels for secondary school students. Ussenov et al. [7] examined how
geoinformation technologies can be used to develop students' geospatial thinking skills, providing a
methodological basis directly applicable to grade 9-11 geography instruction. Kalkashev et al. [8]
tested competency-based assessment models in natural science disciplines and found that criterion-
referenced evaluation, when aligned with clearly defined skill stages, significantly improves student
performance and engagement. Shakirova et al. [9] examined geography teacher preparation at Kazakh
National Pedagogical University (KazNPU) and identified competency-oriented task design as the
key variable distinguishing effective from ineffective technology integration.

International research shows the same pattern. Masterova [10] reviewed 36 empirical studies on
geospatial technology use in primary and secondary schools and found that inquiry-based approaches
consistently produced gains in both digital literacy and geographic understanding - but only when
teachers had received structured preparation. Lee [11] documented the integration of open data, big
data visualization, and Artificial Intelligence (AI) tools into Korean high school geography, showing
that students developed stronger spatial analysis skills when working with real territorial data than
with textbook exercises. Bednarz and Kemp [12] established that spatial thinking develops
incrementally through repeated practice - a single GIS lesson or one-off map activity produces no
lasting competence.

The frameworks reviewed above share a structural feature that limits their applicability within a
single school year. GI Learner distributes its ten competencies along a learning line spanning several
grades of secondary education, with complexity levels assigned to each age group [6, pp. 45-47];
Hickman's levels likewise describe a progression measured over an extended period of sustained GIS
work rather than a single course [4, pp. 143-145]. Both frameworks address the question of how
spatial thinking matures across the whole of secondary education. Neither addresses the question
facing a teacher at the start of grade 9: how to develop this competence within one course of five
content sections, allocated fewer hours than any other block in the syllabus.

The methodology tested here departs from those frameworks in three respects. It compresses the
progression into three stages rather than ten competencies, on the assumption that a scheme a teacher
cannot hold in mind while planning will not survive a compressed timetable. It runs the progression
horizontally rather than vertically: instead of one stage per year, all three stages recur inside each of
the five content sections, so that a student meets localization, correlation and analysis five times over
in different subject matter. And it ties tasks to sources a teacher can actually reach, the electronic atlas
and the national statistics portal, rather than to datasets assembled for research purposes.

How far this constitutes a distinct model rather than an adaptation is a fair question, and the
answer here is deliberately narrow. The cognitive progression is Hickman's, the stage descriptors stay
close to the GI Learner line, and the contribution lies in the arrangement rather than in any new
account of spatial thinking. What has not been tested before is whether such an arrangement produces
measurable competence gains inside a single national curriculum course. Favier and Van der Schee
[13] came closest, recording gains in relational thinking from GIS-based lessons at secondary level,
but their intervention sat alongside the curriculum rather than being built into its content sequence.

Three points follow from this literature. Task design matters more than tool availability: a student
who opens a map application and a student who maps regional GRP (Compare Gross Regional
Product) disparities and explains them are doing different cognitive work. The 9th-grade economic
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geography course is unusually well suited to spatial inquiry, since every section describes phenomena
that only make sense spatially, yet delivery remains largely descriptive. And competence of this kind
accumulates: single GIS lessons produce no lasting capacity, so the same analytical logic has to recur
across the industry, population, transport and regional development units. This study develops and
tests a methodology built on these three points.

Research Aim: to design and empirically validate a methodological approach to forming
geospatial competence in 9th-grade students through the economic geography of Kazakhstan course.

Research Hypothesis: students taught through a systematically structured sequence of geospatial
inquiry tasks embedded across all major sections of the economic geography course will show
significantly greater geospatial competence development than students taught through conventional
methods.

Practical significance: the study provides geography teachers with a concrete, curriculum-
aligned system - specific task types, tools, and assessment criteria - for developing spatial analytical
thinking in grade 9, rather than general recommendations about technology use.

Methods and materials. This study used a quasi-experimental design with a non-equivalent
control group, combined with qualitative methods, to test whether a structured geospatial inquiry
methodology produces measurable gains in 9th-grade students' geospatial competence during the
economic geography of Kazakhstan course. The design is quasi-experimental rather than
experimental because students could not be randomly allocated: they were already distributed into
two intact parallel classes by the school before the study began, and breaking up existing classes was
neither administratively possible nor pedagogically justified. Baseline equivalence was therefore
established statistically rather than by randomization, and the limits this place on causal inference are
set out below. The design combined quantitative pre- and post-testing with qualitative classroom
observation and curriculum document analysis. Three methodological components are described
below: research design and sample, instructional intervention, and assessment framework.

Research Design and Sample

The experiment ran across the full 2024-2025 academic year at the Republican Specialized
School-Boarding for Gifted Children named after K. Baiseitova in Almaty. The school was selected
on the basis of its stable digital infrastructure, availability of a dedicated computer classroom for
geography lessons, and the qualification level of its geography teaching staff. The pre-test
administered in September 2024, before any intervention, showed no significant difference in
baseline geospatial competence between the experimental group (EG) and the control group (CG):
EG mean score 11.4, standard deviation (SD) = 2.1; CG mean score 11.2, SD = 2.3; Student's t-test
value t=0.28 at 35 degrees of freedom (df), significance level p = 0.78. Both classes therefore entered
the study at an equivalent starting level. The distribution of students across the two conditions is
presented in Table 1. The two classes were parallel streams of the same intake year within a single
specialized school, admitted through the same competitive selection procedure, following identical
timetables and covering the same curriculum content over the same number of lesson hours. Both
were taught by geography teachers with comparable formal qualifications. The study did not collect
data on gender composition, prior academic attainment, learning motivation or baseline digital
literacy, and these variables could not be controlled statistically - a limitation addressed in the
Limitations section.

Table 1. Sample Distribution Across Conditions

School Experimental Control Total
group (n) group (n)
Republican Specialized School-Boarding for Gifted 18 19 37
Children named after K. Baiseitova, Almaty
Total 18 19 37

Note: Non-random allocation by the school administration into intact parallel classes. Baseline equivalence
established on pre-test scores (t = 0.28, p = 0.78, df = 35).
Source: compiled by the authors.
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Control classes followed the standard curriculum: teacher explanation, textbook reading,
conventional paper map exercises, and reproductive written tasks. Experimental classes covered
identical curriculum content through a purpose-designed sequence of geospatial inquiry tasks using
Google My Maps, the electronic atlas of Kazakhstan, basic Quantum Geographic Information System
(QGIS) functions, and open regional statistical data from stat.gov.kz and the Bureau of National
Statistics of Kazakhstan [14]. The experimental group teacher attended a one-day methodological
workshop before the experiment began, covering task logic, assessment criteria, and technical use of
the platforms. The control group teacher was briefed only on data collection procedures and continued
established practice without any change to teaching methods. This asymmetry is inherent to the
design: the intervention consists precisely of the task system and the preparation needed to deliver it,
so the two conditions cannot be equalised on teacher preparation without eliminating the intervention
itself.

Curriculum and Task Design

The 9th-grade economic geography of Kazakhstan course comprises five major content sections:
industry, population and urbanization, transport infrastructure, agriculture, and regional development.
The five sections were taught in the order set by the curriculum: industry from September to
November, population and urbanization in December and January, transport in February, agriculture
in March, and regional development in April and May. For each section, a set of four to six geospatial
inquiry tasks were developed, graded by cognitive demand across three competency stages (Table 2).

Table 2. Geospatial Task Design Across Course Sections and Competency Stages

Course section | Stage 1 tasks | Stage 2 tasks (correlation) Stage 3 tasks (analysis) Tools used
(localization)

Industry Map mining | Overlay industry map with | Explain Karaganda | Google My
enterprise locations | population density; identify | region's industrial- | Maps,
using atlas data patterns demographic profile; | electronic

assess policy implications | atlas

Population & | Locate major cities | Compare urbanization rates | Analyze causes of | stat.gov.kz,

urbanization and population | across regions; identify north- | depopulation in northern | thematic
centers south disparities oblasts using economic | maps

and migration data

Transport Map railway and | Correlate transport density | Evaluate transport | QGIS basic,
road networks with economic output by | accessibility gaps and their | Google My

region effect on regional | Maps
development

Agriculture Identify agricultural | Link agricultural | Assess water resource | Electronic
zones on climatic | specialization to physical | constraints on agricultural | atlas,
and soil maps geography factors development in southern | stat.gov.kz

regions

Regional Locate Kazakhstan's | Compare Gross Regional | Construct an evidence- | stat.gov.kz,

development economic regions Product (GRP) per capita | based analysis of one | QGIS basic

across regions; rank by | region's development
development indicators trajectory

Note: Tasks at each stage used real data not reproduced in the textbook. Stage 3 tasks required students to produce
written spatial analyses of 150-200 words with map-based evidence.
Source: compiled by the authors.

The three stages differ in kind, not in difficulty: Stage 1 asks for retrieval, Stage 2 for relating
two data layers, Stage 3 for an independent explanation defended with map evidence.

All instructional task materials were developed by the research team in collaboration with the
participating teachers, reviewed for alignment with the grade 9 learning objectives set out in the
standard curriculum in Geography approved by the Ministry of Education of Kazakhstan [15], and
piloted in one non-participating class before the experiment began. Pilot feedback led to the revision
of three Stage 3 instructional tasks whose data requirements exceeded the available classroom time.
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These instructional tasks are distinct from the assessment items described below, which were
developed and trialled separately.

Assessment Instruments

Geospatial competence was measured at three points: before instruction (pre-test, September
2024), after the industry and population sections (intermediate test, January 2025), and after the full
course (post-test, May 2025). Each test consisted of 12 tasks, four per competency stage, built directly
from the three-stage model: Stage 1 items required locating and extracting data from an unfamiliar
thematic map, Stage 2 items required relating two data layers, Stage 3 items required a written
territorial explanation supported by map evidence. The assessment items were developed and trialled
separately from the instructional tasks. They were drafted by the research team, checked for
alignment with the grade 9 learning objectives of the standard curriculum [15, Ch. 3], and trialled in
one non-participating class, after which three Stage 3 items were reworked because their data
requirements exceeded the time available within a single lesson. The task system and the assessment
items were subsequently reviewed by the subject methodological association of the participating
school (minutes No. 6, 16 March 2026), which confirmed their correspondence to the curriculum
content and their suitability for classroom use. These procedures constitute content review and
trialling, that is, approbation of the instrument in use. They are not psychometric validation, and the
two should not be read as equivalent: expert judgement of content coverage says nothing about
internal consistency, form equivalence or construct validity, none of which was tested here.

The three tests used parallel forms with matched cognitive demand but different geographic
content, so that no student met the same territory twice. Form equivalence was established by design
rather than by measurement: the three forms carry the same number of items at each stage, the same
response format and the same scoring rubric, but differ in the regions and datasets used. No empirical
check of form equivalence was carried out, and no internal consistency coefficient was computed for
the instrument. This is a limitation of the study, and the competence scores reported below should be
read as measurements made with an instrument whose psychometric properties have not been
formally established. The overall design of the assessment instrument is summarized in Table 3.

Table 3. Assessment Design Summary

Parameter Specification
Measurement points 3 (pre, intermediate, post)
Tasks per test 12 (4 per competency stage)
Maximum score 48 points
Data used Unfamiliar maps and statistics not used in instruction
Test forms Parallel (equivalent demand, different content)
Scoring 0—4 scale (five levels) per task
Inter-rater reliability Cohen's k = 0.81 on 20% subsample
Scorers 2 independent educators (20% subsample); lead researcher (remainder)

Source: compiled by the authors.
Note: k - Cohen's kappa coefficient of inter-rater agreement.

Each task was scored on a five-level rubric from 0 to 4: 0 - no spatial reasoning evident; 1 -
correct localization only, no relational thinking; 2 - partial spatial correlation, reasoning largely
absent; 3 - spatial correlation identified but reasoning incomplete; 4 - full spatial analysis with an
evidence-based conclusion. All responses were coded by number before scoring, so that scorers saw
neither the student's name nor the class. Two geography educators not otherwise involved in the study
independently scored a random 20% subsample; inter-rater agreement, measured by Cohen's kappa
coefficient (x), was strong (k = 0.81), and the few discrepancies were settled by discussion. The
remaining responses were scored by the lead researcher against the same rubric. The lead researcher
designed the intervention, which raises the possibility of expectancy effects in scoring. Coding of the
scripts removed direct identification, but Stage 3 responses to tasks built around Google My Maps or
QGIS output could still betray group membership through their content, so blinding was incomplete
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for that part of the instrument. The k value covers a fifth of the material and does not extend to the
rest.

In addition to test scores, teacher observation logs were maintained throughout the experiment.
Teachers recorded instances of unprompted spatial reasoning in classroom discussion - cases where
students independently connected economic data to geographic distribution without teacher direction.
These logs provided qualitative evidence of competence development between formal measurement
points and were analyzed thematically at the end of the year.

Data Analysis

Quantitative data were processed in Statistical Package for the Social Sciences (SPSS), version
26. Between-group differences at each of the three measurement points were tested with independent
samples t-tests (df = 35). Effect sizes are reported as Cohen's d computed from the pooled standard
deviation, with 0.2, 0.5 and 0.8 taken as thresholds for small, medium and large effects. Because the
sample is small, every between-group difference is reported with a 95% confidence interval, both for
the difference in means and for d. A sensitivity analysis indicates that with n = 37 and a = 0.05 the
design has 80% power to detect effects of d = 0.94 or larger; smaller differences would not have been
reliably detected.

Change over the year was analyzed with a 2x3 mixed ANOVA (Analysis of Variance). Group
entered as the between-subjects factor and measurement point as the within-subjects factor. The
interaction term carries the weight of the analysis: a comparison of trajectories is what distinguishes
gains produced by the intervention from gains both groups would have shown anyway over nine
months of schooling. Development inside the experimental group was then examined with repeated
measures ANOVA and pairwise comparisons between successive measurement points.

Observation logs were coded thematically in two cycles. The first cycle marked discrete
instances of spatial reasoning; the second grouped them into patterns across content sections and
competency stages.

Ethical Considerations

Because the participants were minors aged 14—15, consent was arranged before any data were
collected. Written informed consent was obtained from the parents or legal guardians of all 37
students, and the students themselves were told what the study involved, what would be recorded,
and that they could stop taking part at any point without it affecting their marks. The experiment ran
with the permission of the administration of the Republican Specialized School-Boarding for Gifted
Children named after K. Baiseitova and under the supervision of the Department of Geography and
Ecology at Abai Kazakh National Pedagogical University, where the research is being carried out.

Students appear in the dataset by number only. No names were recorded, and the teacher
observation logs were kept in the same coded form. Test scores served research purposes alone and
were never entered into school assessment.

Control group students followed the full standard curriculum throughout and lost no instructional
time. Once the post-test was complete, the task materials developed for the experimental group were
handed over to the control group teacher.

Limitations

Five limitations apply to this study. First, the sample was drawn from a single specialized school
in Almaty with stable technology infrastructure and a gifted student population; findings may not
generalize directly to rural schools where equipment access and teacher preparation conditions differ
substantially - a gap that Laiskhanov et al. [2, p. 6] identify as a persistent barrier in Kazakhstani
geography education. Second, the experiment covered one academic year, which is sufficient to
observe competence development across all five course sections but does not address whether gains
are retained after the course ends. No delayed post-test was administered, so the durability of the
measured effect is unknown, and the results speak only to competence at the point of course
completion. A delayed measurement is planned for the same cohort in grade 10, using a fourth parallel
form of the instrument, to establish whether the difference between the groups persists once the
intervention has ceased. Third, while teachers in both conditions had comparable formal
qualifications, individual instructional style and classroom management were not controlled
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variables; teacher effect on outcomes cannot be fully separated from methodology effect with the
current design. Fourth, several variables that could have shaped the outcome went unmeasured.
Nothing was recorded on the students' motivation, their prior attainment in geography, or how
confident they already were with digital mapping tools before the course started, which means none
of these could be entered as covariates. Baseline equivalence rests on one indicator only - the
September pre-test. Both classes were parallel streams of the same intake, selected through the same
competitive admission procedure, so a large hidden gap between them is improbable; improbable,
however, is not the same as ruled out. Anyone repeating this work would do well to collect these
indicators in September alongside the pre-test, when it costs almost nothing to do so.

Fifth, the mixed ANOVA was reconstructed from the summary statistics in Table 4 together with
the within-group repeated measures result, rather than computed from the individual score matrix.
The between-subjects and interaction terms depend on the correlation between the three measurement
points, which was recoverable for the experimental group but had to be assumed equivalent for the
control group. A sensitivity analysis across the plausible range of that correlation, from 0.20 to 0.65,
left the interaction significant at p < 0.001 at every value, with partial eta-squared (partial n?) between
0.37 and 0.48. The substantive conclusion, that the two groups differ in trajectory and not only in
level, therefore, holds across the whole range tested. The reported coefficients are nonetheless
estimates rather than computed values and should be read as such.

Results and discussion. Overall competence gains: experimental vs. control

Pre-test scores confirmed baseline equivalence between the two groups. The EG (n = 18) scored
a mean of 11.4 points out of 48 (SD =2.1); the CG (n = 19) scored 11.2 points (SD =2.3).

The difference was not statistically significant (t = 0.28, p = 0.78), confirming that both groups
entered the study at the same competency level.

By the post-test the two groups had moved apart. The EG averaged 36.6 points out of 48 (SD =
7.4) against 21.6 for the CG (SD = 8.0), a difference of 15.0 points (95% confidence interval, CI
[9.85, 20.15],t = 5.9, p < 0.001, d = 1.94, 95% CI [1.16, 2.73]). The gap was already open at the
January measurement, taken after the industry and population sections: 24.6 points against 15.1, a
difference of 9.5 points (95% CI [4.98, 14.02], t = 4.3, p < 0.001, d = 1.40, 95% CI [0.69, 2.12]).
Growth in the EG therefore did not come in a late surge but built up across the course (Table 4). The
confidence interval around the post-test effect size runs from 1.16 to 2.73, which is what a sample of
37 permits; the direction of the effect is firm, its exact magnitude much less so.

Table 4. Mean Test Scores by Group and Measurement Point

Measurement point EG mean (SD) CG mean (SD) | t-value | p-value Cohen's d
Pre-test (Sept. 2024) 114 (2.1) 11.2 (2.3) 0.28 0.78 0.09
Intermediate test (Jan. 2025) 24.6 (6.5) 15.1(7.0) 4.3 <0.001 1.40
Post-test (May 2025) 36.6 (7.4) 21.6 (8.0) 5.9 <0.001 1.94

Note: Independent samples t-tests, df = 35. Cohen's d computed from the pooled standard deviation. Confidence
intervals for the between-group differences are given in the text.
Source: compiled by the authors based on test results of the experimental and control groups.

Competence stage distribution

The mixed ANOVA returned a significant group x time interaction (Fisher's F-test statistic, F (2,
70) =25.5, p < 0.001, partial > = 0.42). The groups differed not merely in level but in the shape of
their development: the distance between them widened at every measurement point. Main effects
were significant for time (F (2, 70) = 144.4, p < 0.001, partial n* = 0.81) and for group (F (1, 35) =
27.0,p <0.001, partial n> = 0.44), but neither settles the question on its own. Both groups gained over
nine months, and some of that gain belongs to ordinary schooling and to being a year older. The
interaction is what separates the two sources. The breakdown of post-test performance by competency
stage is presented in Table 5.
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Table 5. Post-test Performance by Competency Stage

Competency stage EG mean score / max CG mean score / max Between-group

(%) (%) difference

Stage 1: localization 14.2 /16 (89%) 11.5/16 (72%) Moderate
Stage 2: spatial 12.2/16 (76%) 6.6 /16 (41%) Large

correlation
Stage 3: territorial 10.2 /16 (64%) 3.5/16 (22%) Very large
analysis

Total 36.6 /48 (76%) 21.6 /48 (45%) Large

Source: compiled by the authors based on post-test results of the experimental and control groups.

This pattern has a clear interpretation. Conventional instruction - textbook reading, teacher
explanation, paper map exercises - develops basic geographic literacy well enough. Students in the
CG could locate and identify spatial phenomena on maps at a level approaching EG performance.
What conventional instruction does not develop is the capacity to reason spatially: to hold two data
layers simultaneously, identify the relationship between them, and construct an evidence-based
territorial explanation. These are precisely the operations that Stage 2 and Stage 3 tasks required, and
they are the operations that the experimental methodology was designed to build through repeated,
cumulative practice across all five course sections.

Section-by-section analysis

Teacher observation logs allowed a more granular picture of where competence developed
fastest in the EG. Unprompted spatial reasoning was recorded 84 times across the EG over the
academic year, compared to 13 times in the CG. In the EG, instances were sparse during the industry
section in the autumn term (10 recorded), grew through the population and urbanization section in
December and January (20), and were densest in the regional development section in April and May
(24). The transport and agriculture sections produced somewhat lower observation frequencies (16
and 14 instances respectively), which teachers attributed to greater difficulty in sourcing accessible
real-data sets for these sections. The open statistics available through stat.gov.kz were richer for
population and regional economic data than for transport network and agricultural productivity data,
limiting the complexity of Stage 3 tasks in those sections. This is a methodological finding with
practical implications: the availability and granularity of open regional data directly constrain the
ceiling of spatial inquiry tasks that teachers can realistically assign.

Within-group development in the experimental group

Having established that the trajectories differ, the next question is how the experimental group
moved between measurement points. Repeated measures ANOVA showed a significant rise in
experimental group scores across the three measurement points (F (2, 34) = 153.0, p < 0.001, partial
n?* = 0.90). This coefficient should not be read as the share of competence produced by the
methodology. Partial eta squared expresses the proportion of within-subject variance attributable to
the time factor, and over nine months the time factor carries more than the intervention: a full year of
general schooling, cognitive development at 14—15, and increasing familiarity with the test format all
fall within it. Attribution of the gain to the methodology rests on the between-group comparison
reported above, not on this figure.

Post-hoc comparisons showed significant gains between all three measurement points: pre-test
to intermediate (mean gain 13.2 points, p < 0.001) and intermediate to post-test (mean gain 12.0
points, p < 0.001). The slightly larger gain in the first half of the year reflects the steeper initial
learning curve when students are first introduced to spatial inquiry tasks - an observation consistent
with MaSterovad's [10, p. 47] finding that the early stages of geospatial technology integration require
the most intensive teacher support. By the second half of the year, students in the EG were operating
with greater autonomy, requiring less scaffolding for Stage 2 tasks and approaching Stage 3 work
with more confidence.

The results are consistent with the research hypothesis: within the conditions of this experiment,
systematic integration of geospatial inquiry tasks across all major sections of the 9th-grade economic
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geography course was associated with significantly greater competence gains than conventional
instruction, with a large effect size at post-test (Cohen's d = 1.94, 95% CI [1.16, 2.73], indicating that
the experimental group's mean score exceeded the control group's mean by nearly two standard
deviations). Because allocation was not random and motivational, digital and teacher-related factors
were not controlled, this association cannot be read as a demonstrated causal effect of the
methodology alone. Three findings warrant specific discussion.

First, the size of the between-group difference deserves comment, because d = 1.94 sits far above
what interventions in geography education usually produce, and a value that large is more often a
signal about design than about pedagogy. At least three factors inflate it here. The sample comes from
a school that selects for academic ability, so the experimental students had the cognitive headroom to
move a long way once the tasks demanded it, and a mainstream cohort would not start from the same
position. The assessment also favours the intervention in a way that is hard to avoid: Stage 3 items
ask for written territorial analysis with map evidence, which is exactly the operation experimental
students rehearsed all year and control students never encountered in any form. Part of the gap
therefore reflects familiarity with the task genre rather than spatial reasoning as such. Finally, the
bulk of the scripts were scored by the researcher who designed the tasks, and Stage 3 answers are not
fully anonymous in practice. None of this cancels the findings, which the widening interaction across
three measurement points supports independently. It does mean the point estimate belongs to these
conditions, and that the confidence interval, running from 1.16 to 2.73, is the more honest summary.

Second, the observation logs point towards transfer. Instances of unprompted spatial reasoning
grew from ten in the industry section to twenty-four in the regional development section, which fits
the idea that students carried the same cognitive moves from one economic theme to the next without
being prompted. Bednarz and Kemp [12, p. 20] argue that spatial thinking becomes a stable
disposition only after repeated practice across different content, and the pattern here is consistent with
that. It is worth being clear about the weight this evidence can bear. The logs were kept by the teacher
delivering the intervention, who knew what the study was testing, and no second observer checked
the entries. A count of 84 against 13 is striking, but it comes from an unblinded observer, and the
reading offered here is plausible rather than demonstrated.

Third, the data availability constraint identified in the transport and agriculture sections points
to a problem no individual teacher can solve. The quality of spatial inquiry tasks is directly bounded
by the granularity and accessibility of real regional data. Where open statistics are rich - population,
GRP, urbanization - Stage 3 tasks can be genuinely demanding and analytically substantive. Where
data are sparse or fragmented, task quality degrades. Laiskhanov et al. [2, p. 7] identify infrastructure
and cost as the main barriers to adopting geospatial technology in Kazakhstani schools. The present
results add a barrier that survives after those are solved. The school studied here had the equipment,
the trained staff and a dedicated computer classroom, and the ceiling on Stage 3 tasks still fell where
the open statistics thinned out. Lee [11, pp. 4-6] describes Korean classrooms drawing on open data,
big data visualisation and Al tools; the contrast is instructive, since the constraint there lies in what
teachers can do with abundant data, and here in whether comparable data exist for a given theme at
oblast level at all. A curated repository aligned to the school curriculum would address a problem that
no amount of equipment purchasing reaches.

Conclusion. This study set out to answer a specific question: does a structured sequence of
geospatial inquiry tasks embedded across all sections of the 9th-grade economic geography of
Kazakhstan course develop students' geospatial competence more effectively than conventional
instruction? Within the conditions of this experiment the results support an affirmative answer, with
statistically significant between-group differences at both intermediate and final measurement points
(p < 0.001) and a large effect size at post-test (Cohen's d = 1.94, 95% CI [1.16, 2.73]). The point
estimate should be read with the reservations set out above: the sample was drawn from a school
selecting for academic ability, the Stage 3 items matched the task genre rehearsed by the experimental
group alone, and blinding at that stage was incomplete. The interval, rather than the point value, is
the appropriate summary of the effect.
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Three findings stand out. First, in the school studied, conventional instruction developed basic
map reading adequately but was associated with markedly weaker spatial reasoning. The
experimental methodology narrowed this gap without closing it: experimental students reached 64%
of the maximum Stage 3 score. Whether the same pattern holds in mainstream schools remains open.

Second, the observation data point towards transfer across content domains, though on evidence
weaker than the test scores and from an unblinded observer. Transfer remains a plausible reading of
the pattern rather than a demonstrated result.

Third, the quality of spatial inquiry tasks is directly bounded by the availability of real regional
data. A curated, curriculum-aligned open data repository for school geography in Kazakhstan would
raise the ceiling of what geospatial instruction can achieve in practice.

The findings and the task system were presented to the subject methodological association of
the participating school, which recommended the materials for continued use in grade 9 geography
teaching (minutes No. 6, 16 March 2026). This constitutes practical uptake within the setting in which
the methodology was developed, and it does not extend the evidential basis of the study beyond that
setting.

Four directions follow for further work. The first is replication in mainstream schools outside
Almaty, on a sample large enough to support randomised allocation. The second is psychometric
validation of the diagnostic instrument: internal consistency, empirical equivalence of the parallel
forms, and construct validity, none of which was established in the present study and all of which are
prerequisites for using the instrument beyond this setting. The third is a delayed measurement after
grade 9 to establish whether the gains hold. The fourth is teacher training models that let geography
teachers build spatial inquiry tasks without specialised GIS expertise.
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9-CbIHbIIT OKYUWBIJIAPBIHBIH TEOKEHICTIKTIK KY3BIPETTIJIIT'TH
KAJIBIIITACTBIPY: KASAKCTAHHBIH OKOHOMHUKAJIBIK 'EOI' PAOUACHI

Anoamna

KazaxcranHbIH 9-CBIHBII reorpadus KypChIHIAFbl SKOHOMUKANBIK Teorpadus 6eiiMi - @HEPKICINTIH OpHAIaCyHl,
XaJIBIK TMHAMUKACHI, KOJIiK, aybUl IIapyallbUIbIFbl, allMaKThIK JAaMy - TaOHFaThl JKaFbIHAH KEHICTIKTIK CHIIATTa, Oipax
CHUIATTAaMaJIbIK, OKYJBIKKA HETI3/eNTeH o/iCTepMeH OKbIThIIansl. OKyIIblIap KyObIIbICTApAbIH Kala OpHaJaCKaHBIH
6ineni, Gipak onapbl KEHICTIKTIK TYpFbIIaH Tajnaai anmMaiasl. byt 3eprrey Kypc OOWBIHIIA KYPBUIBIMIBIK T€OKEHICTIKTIK
CYpaHBIC TallChIpMaJiapbl apKbLIBI TEOKEHICTIKTIK KY3bIPETTUIIKTI KaJBINTACTBIPY oJicTeMeciH o3ipieiini KoHe
TeCTUIEH . Ilemarorukaibik JKCIIEPUMEHT AnMareigarsl K.BaiiceititoBa aTbIHIAFbl PecnyOnmukaibik
MaMaHJaHBIPbUTFaH MeKTen-uHTepHaTTa (2024—2025) 37 oKymIibIMeH *Kypri3iiai: akcrepuMeHTTiK Tom (n = 18) Google
My Maps, KazakcraHHbIH 21eKTpoHIbIK atiackl, QGIS sxoHe stat.gov.kz aimblk nepekrepi naiijanana OTbIpHIN apHANBI
TEOKEHICTIKTIK TarchlpMalap OpeIHAaAbI; OaKpuiay ToOI (n = 19) cTaHAApTTH OKBITYIBI JKaIFaCTRIPABI. | €OKeHICTIKTIK
KY3BIPETTIJIK YIII Ke3eH1e OaraaH/bl: JIOKaIN3aIs, KeHICTIKTIK KOPPEISINS jKoHE ayMaKThIK Tayaay. KOpbITBIHIBI TECT
HOTIDKEJIEpi TONTap apachIHAAFl MaHBI3ABI alBIpMAIIBUTBIKTapabEl KepcetTTi (t = 5,9, p < 0,001, Cohen's d = 1,94, 95%
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CA [1,16-2,73]): SKCHEPUMEHTTIK TOI MaKCUMAaJAbl OanabiH 76%-biHa XeTTi, Oakpuiay TOOBI - 45%-ra. EH yikeH
afbIPMaIIBIIBIK 3-Ke3eH e - AepOec ayMakThIK Tangayaa: 64% men 22%, Oy 3epTTey JKYpri3iireH karaaina AacTypii
OKBITY KapTaHbl OKY JaF/iblJIapbiH JaMBITKAaHBIMEH, KeHICTIKTIK OMIay bl JAMBITY/Ia IIEKTEY Tl OOJFaHbIH OOJDKayFa HeTi3
6epeni. Hotmxenep reorpadus myramimaepine 9-CBIHBII KypCHIHBIH Oapiblk Oec Oerimi OOHBIHIIA TE€OKEHICTIKTiK
KY3BIPETTITIKTI JaMBITyFa apHanfaH Oip MaMaHIAHIBIPBUIFAH MEKTENTE CHIHAKTaH OTKEH, Xalmbl OuriM OepeTiH
MEKTenTepIe KOChIMIIA TeKCepyi KaXKeT eTeTiH TalchpMaiap KYHeciH YChIHAIBL.

Tytiinoi ce30ep: TEOKEHICTIKTIK KY3bIpETTUIIK, Ka3aKkcTaHHBIH SKOHOMUKABIK TreoTrpadusachl, KeHICTIKTIK oitnay,
KEHICTIKTIK IMaiibIMAay, TeOKEHICTIKTIK 3epTTey, OpTa MeKrel, Ka3akcras.
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12 Kazaxcman, Anmamol

®OPMUPOBAHUE 'EOINPOCTPAHCTBEHHON KOMIIETEHTHOCTH
YYAIIUXCA 9 KITACCA: DJKOHOMUYECKAS I'EOI'PA®USA KASAXCTAHA

AnHomayus

Pa3znen sxoHoMuueckoit reorpadun B Kypce reorpaduu 9 kinacca Kazaxcrana - pa3melieHre IpOMBIIUIEHHOCTH,
JWHAMHKa HacEJIEHUs, TPAHCIIOPT, CEIbCKOE XO3SHCTBO, PETMOHAIIBHOE PA3BUTHE - IIPOCTPAHCTBEHEH TI0 CBOEH MPUPOJIE,
OIJHAKO TPEnofaércsi NMPEUMYIIECTBEHHO ONMCATEbHBIMM, YIEOHHKOBO-OPHECHTHPOBAHHBIMU METOJaMHU. YdJaluecs
3HAIOT, I7I€ PACIOJOKEHBl T€ WM HHBIE SBICHHUS, HO HE yMEIOT PacCyKAaTb O HUX IPOCTPaHCTBEHHO. JlaHHOE
HCCIEoOBaHNE pa3pabaTbiBaeT M ampoOHpyeT METONUKY ()OPMHUPOBAHHSA T'€ONPOCTPAHCTBEHHOH KOMIETEHTHOCTH
MOCPEACTBOM CTPYKTYPHUPOBAaHHBIX 3a7ad IPOCTPAHCTBEHHOTO HCCIICOBAHMS, BCTPOCHHBIX BO BECh KypC.
[Menarornyecknii 3KcHepuMEHT MpoBoAwICS B PecrmyOnmKaHCKOHM crielMann3MpOBAHHOHN IIKOJIE-MHTEpHATE JUTA
onapénnbix nerei uMmeHu K. BaiicenroBoif, . Anmatsl (2024-2025) ¢ yuyactuem 37 yuamuxcs: SKCIIEpHUMEHTalbHas
rpynna (n = 18) BbINONHsIA CHEUUAIbHO pa3paboTaHHbIE I'€ONPOCTPAHCTBEHHbIE 3aaHusl ¢ Ucroib3oBaHueM Google
My Maps, snexktponnoro atiaca Kazaxcrana, QGIS u oTKpBITEIX TaHHBIX stat.gov.kz; KoHTposbHas rpymma (n = 19)
oOydyanach 10 CTaHZApTHOW mporpamMme. [eonpocTpaHCTBEHHas: KOMIETEHTHOCTh OLEHHMBAJAach B TPH dTara:
JIOKaJM3ays, IPOCTPAHCTBEHHAS KOPPEIANUsS M TePPUTOPUANBHBIA aHaIu3. Pe3yasraTsl HTOTOBOTO TECTa BBISBHIN
3HAYMMBbIE MEXTPyNIoBble pasnuaust (t = 5,9, p < 0,001, Cohen's d = 1,94, 95% U [1,16-2,73]): sxciepuMeHTaIbHAS
rpynma gocrura 76% ot MakcuMaibHOTo Oayuia mpoTuB 45% y KoHTponbHOW. Hanbonbmmii pa3pei 3aduKCHpOBaH Ha
atane 3 - caMOCTOATEILHOIO TEPPUTOPUATIBHOIO aHanu3a: 64% nporus 22%, 4ro Ha€r OCHOBAaHMUE IoJararth, YTO B
YCIIOBUSIX TIPOBEIEHHOTO 3KCIIEPHMEHTa TPAIUIIMOHHOE 00yUeHHE Pa3BUBAJIO HABBIKM YTEHHSI KapThl, HO 00eCIIeunBao
JIMIIb OTPaHMYEHHOE Pa3BUTHE NPOCTPAHCTBEHHOTO MBIIUICHUS. Pe3ynbTraTsl MpenocTaBisioT YUHTENsIM reorpadun
CHCTeMy 3aJaHWi MO BCEM IIITH pasenaM Kypca, anpoOMpOBaHHYIO B OJHOW CIIEIMAIM3MPOBAHHON IIKOJE M
TPeOYIOLIYIO POBEPKH B 00111€00pa30BaTENbHBIX IIKOJIAX.

Kniouegvie cnosa: TeONpPOCTPAHCTBEHHAs KOMIIETEHTHOCTh, JSKOHoMHuYeckas reorpadus Kazaxcrana,
MIPOCTPAHCTBEHHOE MBINUICHUE, MPOCTPAHCTBEHHOE PACCYXAECHHE, T€ONPOCTPAHCTBEHHOE HCCIIENOBAHNE, CPETHSII
mkosia, KasaxcraH.
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