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Abstract

This paper presents the validation research conducted in 2020 for a testing system designed to identify
prospective students for a network of selective STEM schools. The initial validation, carried out in 2015,
established that the assessment system was fit for purpose, effectively selecting suitable candidates. Since
then, the selection process has undergone modifications, prompting the need for further validation. This
study evaluates the effectiveness and predictive validity of the updated selection system, focusing on students
in grade 7. Data were collected from a single cohort during the 2019-2020 academic year, focusing on their
assessment results. The findings indicate that the selection test successfully predicts academic achievement in
mathematics and quantitative reasoning, with moderate predictive accuracy in languages. Despite changes to the
selection test since 2019, the overall predictive validity of the subtests remains strong. The paper emphasizes
the practical significance of these findings for educational institutions, offering insights to improve admission
processes. By refining the selection system, educational organizations can better identify and support talented
students, ultimately improving educational outcomes. The study also contributes to the ongoing improvement
of assessment practices, ensuring that selection procedures remain effective in identifying students capable of
thriving in rigorous academic environments.
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Introduction. Nazarbayev  Intellectual and languages (Kazakh, Russian and English)

schools (NIS) constitute a system of STEM-
based (science, technology, engineering, and
mathematics) educational institutions that
specifically target exceptional and motivated
students during their selection process. STEM
education, initially conceived as a meta-
discipline that integrated knowledge from
various fields, has now become a focal point for
many educators and policymakers, emphasizing
the integration of STEM disciplines in schools
(Chomphuphra et al., 2019). Admission to
NIS is based on competitive examinations. As
of 2013, the selection process included tests
in mathematics, languages (Kazakh, Russian
and English), and the ability test (quantitative
reasoning and spatial reasoning).

Since 2019, the NIS selection test has
undergone several modifications to align
with the updated curriculum content taught to
students from 6th grade onwards. As a result, the
student selection test now follows a new format
to accommodate these changes and includes
tests in mathematics, quantitative reasoning,

(Center for Pedagogical Measurements, 2023).
As can be seen, the composition of the ability
test changed, leaving only the quantitative
reasoning subtest as part of the selection test
procedure. The total score scale for selection
test was also extended from 1000 to 1300.
Changes also affected the mathematics subtest
booklet, reflecting the updated curriculum.

This paper is focused on 2020 validation
research conducted to evaluate the effectiveness
of the testing system used in the selection of
prospective students for enrollment at NIS.
For the first time in 2015, validation research
was carried out to verify the appropriateness
of the assessment systems and to ensure that
the selection process accurately identified the
suitable candidates for admission to NIS.

In the paper we will particularly explore
the effectiveness and predictive validity of the
student selection system for 2,925 students in
grade 7 from 19 schools. The predictive validity
of 2019 selection test was analysed for the first
cohort that took this test in the updated version.
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As quantitative data, the results of mathematics,
quantitative reasoning, and languages (Kazakh,
Russian and English) subtests were extensively
used. These results were correlated with
students’ scores for each grade 7 subject at
the end of each term and their monitoring
assessment results (Nazarbayev Intellectual
schools, 2023).

The key question addressed in this study is
whether modifications to the composition of
the selection test and its subtests have led to
significant changes in their predictive validity.
To explore this question, the analysis is divided
into two sub-questions aimed at assessing
the effectiveness of the test in identifying
appropriate candidates. These sub-questions

are: (1) have suitable students been selected,
and (2) have students been selected in the right
way. The following sections will examine these
issues in greater depth to determine if notable
changes have occurred in the predictive validity
of the test and its components following the
recent modifications.

Composition of the selection test. It 1is
important to highlight that the administration
of the selection test in 2019 differed from the
previous administrations since 2013. The table
1 provides an overview of these differences.
These notable changes provided a compelling
rationale for conducting fresh validation
research following the 2019 selection test
administration.

Table 1. Composition and structure of the NIS selection test

2013-2018

2019

Day 1 Mathematics (60 minutes)

Mathematics (60 minutes)

Kazakh/Russian as 1st language Quantitative Reasoning (30 minutes)

(40 minutes)
Kazakh/Russian as
language (40 minutes)

English language (40 minutes)

2nd

Day 2 77 minutes

Quantitative Reasoning
Spatial Reasoning

As 1t can be seen from the table, the
composition of the subject’s test remained the
same, but the languages subtests were shifted
from day 1 to day 2. Total testing time for
these subjects remained the same, but instead
of having three separate 40-minute sessions for
languages subtests, they were combined into
one longer session that lasted 120 minutes. This
single session included all the language test
questions in a single booklet.

As mentioned above, the composition of
the CTY abilities test changed, leaving only
the quantitative reasoning subtest as part of the
selection test procedure.

Furthermore, there were some new topics
introduced in the mathematics subtest booklet,
according to the revised test matrix that was
based on the updated curriculum.

Finally, the scores from five subtests were
added together to calculate a total score, which
had a maximum possible value of 1300. This

120 minutes

Kazakh language (1* or 2™)
Russian language (1* or 2™)
English language

combined score was then used to create a
ranking for all candidates per school (city) and
per language stream (Kazakh or Russian). For
the subtests Mathematics and QR there is also a
minimum passing score applicable, what means
that candidates who do not reach one or both
pass scores will not be selected, whatever their
overall score might be.

Over time, the student selection process has
evolved to include two comprehensive paper-
based tests: the STEM test (mathematics,
quantitative ~ reasoning, natural  science
sections) and language test (Kazakh, Russian
and English) (Nazarbayev Intellectual schools,
2023). However, the 2019 test does not cover
the 2022 natural sciences subtest.

Materials and Methods. To validate the
selection test, we first analyzed the relation
between school success of the students that have
entered grade 7 in NIS (results monitoring tests
and the summative scores on terms), the results
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on the selection test and background variables
such as language, school and region. The
method we use i1s LISREL (LInear Structural
RELations).

There are two research sub-questions:
1: Have the suitable students be selected?

Did the selection test effectively support
the selection of the students that have the
highest chance of being successful in the NIS
educational career? This research question
can be answered by calculating the degree
of correlation between individual learners’
performances in the selection test (total and
per subtest) and the performances of the same
learners in all subjects and terms in grade 7.

2: Are the students selected in the right way?

Is the composition and the structure of the
test appropriate for the aim of the assessment?
In this question we want to relate elements of
the design of the test, like number of subtests,
number of items in relation to assessment time
and assessment objectives, to the purpose:
selecting for grade 7 the most gifted learners
who have the highest probability of achieving
the final qualification of NIS at grade 12.

For this research we used data of one cohort:
the grade 7 cohort of 2019-2020 academic year,

that participated in the selection test in 2019.
The goal is to predict successfulness of selection
and the differences between certain subgroups/
subdimensions. The predictive validity of the
selection test and each of the subtests must be
explored and described. The limitation of this
research approach is that we do not have data
about students’ performance- over the whole
NIS career. For this research we assume that
students who are most successful in achieving
high marks/scores in grade 7 will also be the
most successful students when doing the final
qualification at the end of NIS grade 12.

Correlation research of the results of selection
test 2019 was broken down into the subtests
performance, with separate attention for the QR
subtest. The QR subtest underwent substantial
changes in the content and underlying test matrix.
And 2019 was the first time that the subscore
on the QR-test was fully included in the overall
scoring of selection test results.

Data Methods. The data that were based on the
assessment results of one cohort of NIS students:
the selected grade 7 candidates from the 2019
selection test cycle. The available data contained
the following parameters (See Table 2).

Table 2: Data for the 2020 validation research of NIS selection test

Field name Data type  Constraint Description Notes
1n Text Primary Key Student national ID 12-digit
number Individual
Identification
Number
school 1d Number Not null School (NIS) ID 1-2,4-21
gender Number Not null Student gender I —male, 2 —
female
lang Number Not null Student language of I — kazakh, 2 —
study russian
locality Text Not null Student urban-rural I —urban, 2 —
classification based on rural
previously attended
school
CTY group Text Not null Students’ abilities Levels: I —very
to study natural and high, II — high,
mathematical sciences III — average, IV
— sufficient
ko math Number Not null Selection test Max — 400

Mathematics results
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ko qr Number Not null Selection test Max — 300
Quantititave Reasoning
results

ko dI score Number Not null Selection test Day | Max — 700
results

ko kz Number Not null Selection test Kazakh
language results Max — 200

ko ru Number Not null Selection test Russian Max — 200
language results

ko en Number Not null Selection test English Max — 200
language results

ko Number Not null Selection test Day 2 Max — 600

d2 score results

ko total Number Not null Selection test Final Max — 1300
results

SOR_SUBIJECT _ Number - Summative score per Terms 14 (I-1V).

TERM section Max — 50

SOCH_SUBIJECT _ Number - Summative score per Terms 1-4 (I-1V).

TERM term Max — 50

ML919 SUBIJECT Number - Monitoring Language Max — 50
results (September 2019)

level SUBJECT Text - Monitoring Language Levels: Base,
results classification Beginner, Good,
(September 2019) Advanced

IN_MI19 Number - Monitoring Mathematics 1N — Numbers.
results (September 2019) Max — 50

2A_MI19 Number - Monitoring Mathematics 2A — Algebra.
results (September 2019) Max — 50

3G_MI9 Number - Monitoring Mathematics 3G — Geometry.
results (September 2019) Max — 50

4S MI19 Number - Monitoring Mathematics  4S — Statistics.
results (September 2019) Max — 50

5SM_MI19 Number - Monitoring Mathematics 5M —
results (September 2019) Mathematical

modeling. Max

IN_M20 Number - Monitoring Mathematics 11\510— Numbers.
results (January 2020) Max — 50

2A M20 Number - Monitoring Mathematics 2A — Algebra.
results (January 2020) Max — 50

3G_M20 Number - Monitoring Mathematics 3G — Geometry.
results (January 2020) Max — 50

4S M20 Number - Monitoring Mathematics  4S — Statistics.
results (January 2020) Max — 50

SM_M20 Number - Monitoring Mathematics 5M —
results (January 2020) Mathematical

After careful exploration of the data
provided, the research team decided that all
data could be used, except for the CTY group
level indication. This parameter was the only
assessment-results-based parameter that was
not expressed in continuous scale measure
units, but rather in four distinct group labels.

modeling. Max
-50

Furthermore, the group classification was not

based on a given formula or algorithm but on a
combined judgment of two separate parameters:
the QR score in the 2019 high stakes selection
test and a Spatial reasoning (SR) score as result
of a low stakes in-class administration of this
subtest during the school year 2019-20.

92 —



Ne3(60),2024

PEDAGOGY AND PSYCHOLOGY

Data with background variables of the
students and data with social-emotional
indicators, were not used in this 2020 research.
The main goal of this validation research is to
determine if the changes made to the selection
test have significantly impacted its effectiveness
and predictive validity. The *predictive quality’
of the test items and subtests should not be
differential for specific background variables.
In practice of testing, some individual test items
might have different psychometric quality for
certain sub-populations, like boys/girls, urban/
rural or private school/public school. But
there are two good reasons not to include such
differences in the research model:

1: in this research the data used and the
correlations that can be made with sufficient
statistical significance, must be aggregated to
the levels of subtests, complete test and subjects
in grade 7.

2:researchinto differences in the performance
of individual items, based on some background
variables — called Differential Item Functioning
— are already part of the yearly analysis of
selection test results.

The method used, LISREL (LInear Structural
RELations), is an example of a structural
equation model (Igolkina & Meshcheryakov,
2020). Structural equation modeling (SEM)
includes a diverse set of mathematical models,
computer algorithms, and statistical methods
that fit networks of constructs to data. Structural
equation models are often used to assess
unobservable °‘latent’ constructs. They often
invoke a measurement model that defines latent
variables using one or more observed variables,
and a structural model that imputes relationships
between latent variables. The links between
constructs of a structural equation model may
be estimated with independent regression
equations or through more involved approaches
such as those employed in LISREL (Lei & Wu,
2007; Davvetas et al., 2020).-

Data used in the research. Based on the data
as provided for the cohort grade 7 in 2019-20,
the research team developed a ‘grand research
database’ in the statistical program SPSS
(Statistical Product and Service Solutions;
IBM). From this database the following data
were defined:

Table 3: Latent variables

1: 18 latent variables on individual student performance in NIS Selection and grade 7

SEL19 MISMATH M20MATH  MI9ENG M19K2/R2
ENG BIO WHIST GEO CS ART
KHIST KLIT/RLIT*  KZ/RU* MATH K2/R2%** PHYS CHEM

* each student will have either Kazakh or Russian as first language and also for the same language the

subject of Literature
** Jlanguage and literature for second language

The overall performance of each individual
student in the 2019 selection test was taken
as one latent variable. This ‘SEL19’ variable
is an important parameter of the capacities of
the student indicating his or her readiness for a
successful career in NIS.

Two main sources were used to obtain the
data on academic achievement of the grade 7
students:

A:Monitoring assessment administrations in

September and January:
- Mathematics first measurement
at the start of the year: MI9MATH

- Mathematics second measurement halfway
the year: M20MATH

- Second/foreign Languages first measure-
ment at the start of the year: M19K2/R2 and
MI19ENG

Unfortunately, NIS was not able, due to the
COVIDI19 restrictions, to administer the second
monitoring moment for languages in April
2020. These data are missing in this research.

B: the other 13 latent variables are the
cumulated term and period scores in each
subject in the grade 7 calendar plan, for which
NIS provided assessment data.

ENG = English / BIO = biology / WHIST
= World History / GEO = Geography / CS =
Computer Sciences / ART = Arts / KHIST =
Kazakh history / KZ =Kazakh language / MATH
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= Mathematics / RULIT = Russian Literature /
PHYS = Physics / CHEM = Chemistry

2: in total 73 variables could be defined
as parameters for students’ achievements
in all the available data. These 73 variables

are the subcategories of one of the 18
latent variables. For example, the latent
variable SEL19 can be subdivided in 5

subscores, for each of the five subtests:

Table 4: Five subtests

ko math Subtest Mathematics; max. 400

ko gr Subtest QR; max. 300

ko kz Subtest Kazakh language; max. 200
ko ru Subtest Russian language; max. 200
ko _en Subtest English language; max. 200

For monitoring scores, the five domains of
mathematics or the four skills in a language
are defined as being the subcategories for these
specific latent variables.

For the 13 subjects the subcategories were
defined by the four periods in the academic year
for which these were collected. An example for
the four terms in Geography: GEO I, GEO I,
GEO_III and GEO_IV.

Results. To get a first indication of possible
correlations between sub scores, simple linear
correlations between the 18 latent variables
were calculated. All correlation results were

separately analysed for the Kazakh stream and
for the Russian stream.

Kazakh stream. Correlation coefficients vary
from very high - >0.80 - to quite low - <20 or even
negative. So, there might certainly be a relation
bettoween classroom performance for specific
subjects and overall selection test performance.
In other words, the results are supportive for
a possible relation between selection test and
some of the (subject) school results. In the table
3 we summarise the strongest and the weakest
correlations.

Table 5: Combinations of selection test result and school subjects with relatively high and relatively low
correlations; Kazakh stream

High correlation with SEL19

Low correlation with SEL19

(more than 0.5) (less than 0.2)

Mathematics monitoring 7.1 Arts

Mathematics terms [ - IV Kazakh literature

Mathematics monitoring 7.2 Kazakh first language
Kazakh history
Geography

These results show a strong positive
correlation between the overall selection test
result and all Mathematics assessments in
grade 7. More surprisingly might be the low
correlation for the language subjects Kazakh
and English and other subjects that are taught in
Kazakh language. And also a correlation of just
0.19 for English language performance seems
to be lower than one might expect.

Low correlation scores as such are not
necessarily a ‘bad sign’; in the case of some
languages relative low correlations between

English (0.18)

SEL19 and the grade 7 results might be
explained by:

1: the difference between what is assessed in
SEL19 and what is taught, learned and assessed
in grade 7 curriculum and practice. Selection
test is only assessing reading comprehension,
whereas in grade 7 the languages also teach and
assess writing, listening and speaking;

2: the positive effect of learning progress that
students make once they enter NIS grade 7.

These low correlation scores are seen with the
Kazakh language subjects and less or on a less
low level with the Russian language subjects.
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This difference between correlation scores for
both languages demands for further research,
quantitative and qualitative (interviews, focus

groups).

Russian stream. In Table 4, we provide
a summary of the strongest and the weakest
correlations for Russian stream.

Table 6. Combinations of selection test result and school subjects with relatively high and
relatively low correlations, Russian stream

High correlation with SEL19
(more than 0.5)

Low correlation with SEL19
(less than 0.2)

Mathematics monitoring 7.1 Arts

Mathematics terms I - IV

Kazakh literature

Mathematics monitoring 7.2

Kazakh history

Physics terms [ - [V

In comparison to the Kazakh stream,
the Russian stream shows a strong positive
correlation between the overall selection test
result and all mathematics assessments in grade
7. Also, not very surprisingly might be the
very low correlation for the subjects that are
closely related to Kazakh language. And even
a correlation of just 0.27 for English language
performance (0.19 it is for the Kazakh stream)
seems to be lower than one might expect for a
subject that partly decides on NIS entrance.

Discussions. The 2020 validation research
confirmed that the NIS selection test, despite
modifications in 2019, continues to show strong
predictive validity, particularly in mathematics
and quantitative reasoning. However, the
moderate predictive accuracy in languages
reflects a broader trend in education where
language subtests often show weaker predictive
power compared to mathematics (Dale &
Sparks, 2024).

This trend aligns with findings by Jamali
et al. (2023), who note a global focus on
improving educational quality and identifying
gifted students. A similar approach is observed
in Denmark’s educational policies, which aim to
support talented students across all educational
levels (Rasmussen & Lingard, 2018).

Despite these global efforts, many empirical
studies overlook how various abilities in
gifted students interact and affect their
development, particularly the link between
language proficiency and STEM learning
(Boer & Rijnsoever, 2022). However, existing
literature shows positive correlations between

English (0.27)

language proficiency and STEM learning, as
demonstrated by MacGregor (1999), Vukovic
(2013), Prediger (2013), and Hernandez (2013).
Crossley (2018) further suggested that high
mathematics scores could positively influence
language test results.

The introduction of the natural sciences
subtest in 2022 was also a logical step, stemming
from the 2020 validation research findings. This
new subtest, which includes 20 items covering
Physics, Chemistry, Biology, and Geography,
expanded the test’s scope and reflects ongoing
efforts to improve its predictive validity.

Nevertheless, the language subtest (Day 2
booklet) remains an area of concern, and both the
2015 and 2020 validation studies recommend
further research into its predictive power.

Conclusions. What do these correlation
results tell us about the possible answers on the
two main research questions:

1: Have the suitable students be selected?

2: Are the students selected in the right
way?

The answer to the first question can only
partly be based on the correlation findings from
the cohort 2019-2020 performances in Selection
2019 with their assessment results in grade 7.
Successfulness of those learners who received
a grant for studying at NIS can be measured by
looking at their grade 7 results, but those who
were not selected for grade 7 cannot be included
in comparable research. We do not have data on
their grade 7 results, as they did not participate.
Some of them, especially those who were close
to selection in the 2019 ranking, might have
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been quite successful learners in NIS grade 7.
This is a category that statisticians call ‘the false
negatives’: candidates who would have had the
ability to study successful in grade 7 at NIS but
were not selected because their overall score on
SEL19 was not high enough to be within the
range of available vacant places.

The answer to the second question can partly
be answered by looking at the outcomes of the
correlation research. The highest correlations
between score on selection test 2019 and marks
achieved in grade 7 are realized for the subtests
Mathematics and QR. These are also the two

subtests for which the Selection scoring uses a
minimum passing score. This pass score gives
the subjects Mathematics and QR a relative
greater power in the overall decision for student
selection. These two subtests also contribute
to more than 50% of the total overall score for
selection test (400+300 out of 1300).

In general, we might state that, as far as
correlation indices can be informative for
answering this question, the selection test has
proven to be effective in selecting the candidates
for entering NIS grade 7 in a reliable and valid
way.
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