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ABSTRACT

The results of the analyses of the changes of fluid intelligence scores
measured by the Standard Progressive Matrices test across all school
years were presented. Sex differences in fluid intelligence scores
for each year of schooling as well as in fluid intelligence changes
across schooling were analyzed. A total of 1581 participants (51.1%
boys) aged 6.8 to 19.1 years from one public school were involved in
this cross-sectional study, of whom 871 were primary schoolchildren
(mean age = 9.23; range 6.8-11.6), 507 were secondary schoolchildren
(mean age = 14.06; range 10.8-18.0), and 203 were high schoolchildren
(mean age = 17.25; range 15.3-19.1). To examine the changes in fluid
intelligence both correlation analysis and polynomial regression of
the total, boys’ and girls’ samples were performed. Linear, quadratic,
and cubic regression models were fitted to the data. To explore sex
differences in fluid intelligence in each year of schooling, the series
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of ANOVA were carried out. The results revealed that the school-age
change in fluid intelligence is nonlinear for both girls and boys. The
changes for girls during the schooling are best described by a quadratic
relationship while those for boys are best reflected by a cubic relationship.
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Introduction

Numerous studies show that intelligence underlies current and future individual
achievements in education and professional success and is closely related to mental
and physical well-being throughout life (Aichele et al., 2019; Brouwers et al., 2009;
Deary et al., 2007; Nisbett et al., 2012; Tikhomirova et al., 2019a; Tikhomirova et al.,
2020). Meta-analyses revealed that intelligence is a significant predictor of educational
achievement in all school subjects (Brouwers et al., 2009; Deary et al., 2007). The
results of large-scale longitudinal studies investigating the causal relationships
between intelligence and academic success support this hypothesis (Deary et al.,
2007). Certain works report that the more a person learns, the higher his level of
intelligence is (Baltes & Reinert, 1969).

Moreover, intelligence is sensitive to characteristics of the sociocultural
environment and first to the educational conditions of a particular class, school,
region, or national education system (Nisbett et al., 2012; Tikhomirova et al., 2019a).
For example, studies of schoolchildren from countries with different educational
conditions have shown a decrease in cross-cultural differences in intelligence with
school attendance, which is explained by the influence of the learning process on the
cognitive development of students (Tikhomirova et al., 2019a; Tucker-Drob & Briley,
2014; von Stumm & Plomin, 2015). This sensitivity requires the study of patterns
of change in intelligence occurring throughout the course of schooling in certain
educational conditions.

Despite the fact that numerous studies have shown a relationship between
intelligence and academic achievement, some differences in approaches to
measuring intelligence can be found in these studies. Most of these studies are based
on the Cattell-Horn model of fluid and crystallized intelligence (Cattell, 1963; Horn &
Cattell, 1966). In accordance with this model, crystallized intelligence is defined as
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the ability to solve problems that are directly related to knowledge acquired during
the learning process, from personal experiences and from previously formed skills.
Fluid intelligence is defined as the ability to think abstractly and solve problems
unrelated to previous experiences, personal knowledge or learning. Nevertheless,
the development of fluid intelligence determines the effectiveness of new knowledge
and skill acquisition during schooling (Barbey, 2018; Brown, 2016). Fluid intelligence is
measured by tests with nonverbal stimuli not related to the sociocultural context. In the
school setting, fluid intelligence is often measured using the Standard Progressive
Matrices test, which lacks a specific cultural context in that it does not give one social
group an advantage over another (Raven, 2003).

Age-related changes in fluid intelligence raise questions surrounding the role
of the biological age of respondents and the number of years of schooling in these
changes (Brinch & Galloway, 2012; Cahan & Cohen, 1989; Nisbett et al., 2012;
Ritchie et al., 2015; etc.). Studies of children starting formal schooling at different
ages (Cahan & Cohen, 1989), studies of groups of children not attending school
in certain periods of life or receiving an additional year of schooling (Brinch &
Galloway, 2012; Nisbett et al., 2012), and studies of older people with biological
and educational ages correlated with current cognitive indicators (Schneeweis et
al., 2014) allow us to assess the effects of these two factors. In these studies, it is
concluded that education, school age in particular, has a more significant effect on
the growth of intelligence test values throughout a person’s life. Nevertheless, both
biological and educational age are equally considered in the analysis of cognitive
changes, and either the specificity of their influence on certain cognitive traits is
taken into account or they are treated as factors identical in meaning.

The comparison of effects of biological age and years of schooling is especially
relevant for studies of schoolchildren from Russia, where children can enter the first
grade of school starting from 6.6 and to 8 years of age. This is due to the Federal
Law No. 273-FZ Ob obrazovanii v Rossiiskoi Federatsii [On Education in the Russian
Federation], which defines the age interval (6.6-8 years) from which parents can
determine when children should start school (Ob obrazovanii v Rossiiskoi Federatsii,
2012). Thus, in one study of Russian primary school students, the range of age
variability for grade 1 is 2.4 years—from 6.4 to 8.8 years of age (Tikhomirova et al.,
2019a). Such a wide range of variability in the biological age of students in one year
of schooling creates an opportunity to analyze the joint and independent influences
of this factor on the development of intelligence during schooling.

Fluid intelligence scores change over time. This has been demonstrated by
cross-sectional studies reporting changes in mean values (Desjardins & Warnke,
2012; Hartshorne & Germine, 2015; Kievit et al., 2016) and by longitudinal studies that
calculate developmental trajectories over a certain time interval (Ghisletta et al., 2012;
Tikhomirova et al., 2019a; Tikhomirova et al., 2019b; von Stumm & Plomin, 2015).

These studies show that life-long changes in fluid intelligence are characterized
by rapid growth during childhood and adolescence, reaching a peak in early
adulthood (30-40 years) and a gradual decline in old age. This pattern of changes
in fluid intelligence confirms its role in age-sensitive cognitive ability (Hartshorne &
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Germine, 2015). Fluid intelligence develops unevenly from infancy to adolescence
at a significant rate for some children and a less intensive rate for others (Tucker-
Drob & Briley, 2014; von Stumm & Plomin, 2015;). It has been reported that individual
differences in the development of intelligence in childhood are associated, among
other factors, with the socioeconomic characteristics of the microenvironment—
familial development experiences (von Stumm & Plomin, 2015). The significance of
the socioeconomic conditions of one’s family is shown both for the “starting” level
of intelligence at 2 years of age and for the growth of intelligence from 2 to 16 years
of age (von Stumm & Plomin, 2015).

According to the results of a longitudinal study, in the primary school age period
from 7 to 11 years, there is an increase in fluid intelligence scores (Tikhomirova et al.,
2019a; Tikhomirova et al., 2019b). At the same time, the most intensive growth occurs
between ages 7 and 8 (grades 1-2 of primary school), and then up to age 10 (grades 2-4
of primary school), their scores on the Standard Progressive Matrices test statistically
significantly improve.

In general, most researchers agree that the school aged period is characterized, on
the one hand, by the most intensive growth of fluid intelligence and, on the other hand,
increased sensitivity to sociocultural conditions, primarily educational (Brouwers et al.,
2009; Tikhomirova et al., 2019a; von Stumm & Plomin, 2015). This duality is reflected
in the problem of the causal relationship between intelligence and education, which
leads to a need to control various characteristics of the educational environment when
studying temporal changes in intelligence (Deary & Johnson, 2010). At the same time,
the question of the nature of changes in test scores of fluid intelligence throughout
the entire period of formal schooling, a time interval of 11 years, including childhood,
adolescence and early youth, remains unaddressed.

Studies report both the existence of sex differences in intelligence and their
absence (e.g., Flynn & Rossi-Casé, 2011). These contradictions are explained by
differences in methods used to measured fluid intelligence, the age characteristics
of study participants, and macroenvironmental conditions (see Nisbett et al., 2012).

However, most researchers agree that sex differences in intelligence are
observed before the age of 16, when the growth rates of girls and boys differ (von
Stumm & Plomin, 2015). According to the theory of sex differences in the development
of intelligence, this pattern is based in differences in the rates of maturation found
between girls and boys: in girls, intensive development begins at the age of
approximately 9 years and remains more intense than in boys up to 14-15 years.
At 15-16 years of age, growth in girls slows while boys continue to develop.

One study of intellectual development found that at the age of 16, intelligence
scores do not differ in girls and boys, but at the same time, there are sex differences
in the development of intelligence from infancy to adolescence, confirming the
hypothesis of a relationship between uneven maturation and individual indicators
of intelligence tests (von Stumm & Plomin, 2015).

Studies have demonstrated the age specificity of differences in intelligence
between girls and boys during schooling (Colom & Lynn, 2004). In particular, it
has been shown that at 12-13 years of age, girls perform better on intellectual test
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tasks than boys of 12-13 years and girls of 14-15 years. Girls of 14-15 years show
better results on intelligence tests than boys of 14-15 years and girls of 1618 years
(Colom & Lynn, 2004). At the same time, at the age of 18, the test results of boys
are superior to those of girls, and the effect of sex on IQ depends on the type of test
task considered. As a rule, sex differences in intelligence, as for other cognitive
functions, are explained using sociocultural (gender specificity of education) and
neurophysiological (postnatal hormones) paradigms (Frenken et al., 2016; Miller &
Halpern, 2014; Shangguan & Shi, 2009; Zilles et al., 2016).

This specificity in the cognitive development of girls and boys can determine
differences in changes in fluid intelligence throughout school age. In addition, the
results of studies on the sex characteristics of changes in fluid intelligence show
different, sometimes diametrically opposing results due to, among other factors,
the short time intervals of particular studies (for example, studies examining only
adolescents or primary school students). The use of longer study periods covering
various periods of life in the analysis of changes in fluid intelligence will make it
possible to identify periods of growth, assess their intensity levels, and determine
stages of stabilization in boys and girls.

The Present Study

This cross-sectional study aimed to examine changes in fluid intelligence test scores
over all years of schooling from grades 1 to 11. Additionally, sex differences in fluid
intelligence test scores for each year of schooling as well as in fluid intelligence
changes across schooling were analyzed. Finally, relationships between the year
of schooling and schoolchildren’s ages and corresponding independent and joint
influences on changes in fluid intelligence were investigated.

School education in the Russian Federation covers the periods of childhood,
adolescence and youth, creating an opportunity to examine changes in fluid
intelligence over a long time interval covering those 6.6 to 19.1 years of age.
Additionally, studying schoolchildren from a single public school affords us more
control over the educational environment.

Materials and Methods

Participants
A total of 1581 participants aged 6.8 to 19.1 years from one public school were
involved in the study, 51.1% boys.

The primary school-age sample (grades 1-4) included 871 schoolchildren with
a mean age of 9.23 (range 6.8-11.6), 51.5% boys. The secondary school-age sample
(grades 5-9) included 507 schoolchildren with a mean age of 14.06 (range 10.8-18.0),
55.5% boys. The high school-age sample (grades 10-11) included 203 schoolchildren
with a mean age 17.25 (range 15.3-19.1), 40.2% boys.

Table 1 provides a description of the sample by year of schooling, covering
Grades 1-11.
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The study was conducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Ethics Committee of the Psychological Institute
of the Russian Academy of Education (Project identification code 2016/2-12). Prior
to data collection, all subjects gave their informed consent for inclusion to the study.
Written parental informed consent was obtained for all participants. Data collection
was carried out at the school in strict accordance with the developed protocols and
under the supervision of the researcher.

Measures

The fluid intelligence was measured using the paper-and-pencil version of the
Standard Progressive Matrices test (Raven, 2003). The test consists of 5 sets with
12 items within each set. The item is a matrix, where the participant must select one
missing element from 6 or 8 proposed options.

The matrices become progressively more difficult with each consecutive set
and test. No discontinuity rules were applied, and the participants performed all of
the tasks. The sum of correct responds was calculated.

Statistical Approach

In the first phase, the variability in the participants’ ages for each year of schooling
was analyzed. A correlation analysis of the participants’ ages and years of schooling
was carried out. Then, to compare the performance of age and grade as predictors
for fluid intelligence, a multiple linear regression was used.

Inthe second phase, the means and ranges of fluid intelligence test scores for the
samples of girls and boys for each year of schooling were calculated. To examine the
sex differences and their effect sizes for fluid intelligence for each year of schooling,
a one-way analysis of variance (ANOVA) was performed.

In the third phase, to examine changes in fluid intelligence, a correlation analysis
of grade and fluid intelligence test scores and polynomial regression of the total,
male, and female samples were performed. Various regression models, both linear
and nonlinear (quadratic and cubic), were fitted to the data. A polynomial regression
was carried out on a total sample and on the female and male samples to analyze
sex differences in age-related changes in fluid intelligence. Parameter estimation was
performed with the least squares estimator.

Results

In this study, the age-related changes of fluid intelligence measured as Standard
Progressive Matrices test scores were analyzed for the whole schooling period.

Age, Grade, and their Impact on Fluid Intelligence Scores Changes

In the first phase variability in the participants’ age for each year of schooling was
examined. The mean and range of the participants’ ages, sample sizes, and the
number of boys in each grade are presented in Table 1.
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Table 1
Sample Description

Level Grade N I?r‘:_ﬁ:la?;zg;a (t;:{s
1 146 7.86 (6.8-9.0) 51.4
Primary 2 297 8.89 (7.6-10.3) 55.0
3 333 9.83 (7.7-10.9) 52.5
4 95 10.85 (10.1-11.6) 46.9
5 102 11.82 (10.8-13.0) 63.7
6 114 12.81 (11.7-14.2) 55.8
Secondary 7 98 13.78 (12.7-15.2) 53.4
8 99 14.81 (13.6-16.2) 59.4
9 94 15.77 (14.3-18.0) 45.3
High 10 100 16.72 (15.3-17.8) 35.6
11 103 17.77 (16.3-19.1) 447
Total 1-11 1581 12.31 (6.8-19.1) 5141

Table 1 demonstrates the average age for students in each school grade.
According to the data, students’ average age increases with school education by
one year from 7.86 in Grade 1 to 17.77 in Grade 11. In other words, the difference in
average age between school grades is one year.

At the same time, a wide range of age variability within one year of schooling
was obtained.

Therefore, with one year of schooling, the range of students’ age may be
more than two years. For example, in Grade 1, 6.8 years as a minimum and 9.0 as
a maximum were observed. For the final year of schooling, Grade 11, these values are
even higher: with an average age of 17.77 years, both sixteen- and nineteen-year-
old students can study in this grade. Such a wide range of students’ ages in a single
grade is first associated with the early or late admission of children to school based
on their parents’ decisions (6.5 or 7.5 years old). Additionally, a significant overlap in
students’ age throughout years of schooling was found. Therefore, according to Table
1, students aged 7.7 can be enrolled in Grade 1, 2, or 3.

Given the considerable variance in the ages of students in each year of schooling,
the interaction between ages and grades and their independent effects on fluid
intelligence scores were examined. First, a correlation analysis of students’ ages and
years of schooling was carried out. Then, a multiple linear regression with age and
years of schooling as predictors of fluid intelligence to the data was fit.

The correlation analysis reveals very strong interrelationships between
students’ ages and their grades (r = 0.98; p < 0.01). However, despite such a strong
correlation, age and years of schooling can have unique effects on a child’s
cognitive development (Nisbett et al., 2012; Pica et al., 2004; Schneeweis et al.,
2014; Tikhomirova et al., 2019a).



Changing Societies & Personalities, 2022, Vol. 6, No. 3, pp. 488-503 495

According to the multiple regression analysis, 31% of the variance in fluid
intelligence scores is explained by years of schooling (adj. R? = 0.305, F = 649.01,
p = 0.000) and 24% is explored by age (adj. R?= 0.242, F = 400.2, p = 0.000).
When both predictors are fitted into one regression model, years of schooling are
a statistically significant predictor of fluid intelligence (3 = 0.77; p = 0.000), but student
age ceases to be a statistically significant predictor (p > 0.05). This finding points
towards school education being a more important factor than age in the development
of intelligence and falls in line with published results (Nisbett et al., 2012; Pica et al.,
2004; Schneeweis et al., 2014). We thus decided to proceed in using the grade level
as the single predictor for fluid intelligence test scores.

Sex Differences in Fluid Intelligence Scores Across the Schooling
Table 2 presents the mean and range of values (in parentheses) of fluid intelligence
for each grade.

Table 2 demonstrates the mean values and the range of fluid intelligence test
scores for the samples of boys and girls for each year of school education. The
maximum score of the Standard Progressive Matrices test is 60, and the minimum
score is 0.

As shown in Table 2, at the primary and secondary levels of school education
(from Grade 1 to Grade 9), slightly higher mean values of fluid intelligence are observed
for girls than for boys. On the other hand, for high school education (Grades 10 & 11),
the mean values of fluid intelligence for the group of boys are slightly higher than those
for the group of girls.

To examine these sex differences and their effects on fluid intelligence in
each year of schooling, a one-way analysis of variance (ANOVA) was performed.
Statistically significant sex differences in fluid intelligence scores, with girls scoring
higher, were obtained for Grade 9 only (F = 12.2; p < 0.001; n? = 0.16).

Table 2
Descriptive Statistics for Fluid Intelligence Scores for Grades 1-11

Level Grade ‘ Girls ‘ Boys

1 32.34 (9-48) 30.99 (9-50)

) 2 37.32 (10-52) 36.93 (13-56)
Primary

3 40.75 (18-53) 40.36 (11-56)

4 43.67 (26-54) 42.70 (8-58)

5 45.65 (29-53) 43.69 (22-56)

6 46.02 (34-57) 43.08 (22-57)

Secondary 7 48.56 (33-56) 46.26 (13-58)

8 47.57 (36-59) 46.27 (28-60)

9 51.43 (29-60) 48.07 (32-58)

High 10 49.18 (40-57) 51.17 (32-59)

1 52.42 (44-60) 53.68 (47-59)

Total 1-11 42.36 (9-60) 41.32 (8-60)
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The observed changes in mean values of fluid intelligence test scores differ
for the male and female samples. Particularly, for the female sample, a stronger
improvement was observed from Grade 1 to Grade 5, and then a slight improvement
in fluid intelligence was found up to Grade 11. For the male sample, Grades 1 to 5
were also marked by intensive improvements in mean values of fluid intelligence,
but from Grades 6 to 9, a stabilization of fluid intelligence was found, and then from
Grades 10 to 11, intensive improvement was observed again.

Changes of Fluid Intelligence Scores Across the Schooling

Correlation analysis between the year of schooling and fluid intelligence on the both
total and boys’ and girls’ samples was performed. Spearman’s correlation coefficient
was recorded as 0.58 (p < 0.01) for the total sample. This result suggests the not too
close interrelationships between the year of schooling and fluid intelligence scores.
Sex differences were also found. Thus, higher correlation coefficient was found for
girls’ sample (r = 0.63; p < 0.01) than for boys’ sample (r = 0.49; p < 0.01). This
result may be associated with sex differences in changes in fluid intelligence during
the schooling period. In addition, not a very high correlation coefficient may be
a consequence of the nonlinear relationship between grade and fluid intelligence for
this period (e.g., von Stumm & Plomin, 2015).

To examine linear and nonlinear relationships, a polynomial regression of the
total sample and of samples of girls and boys was performed. Linear, quadratic, and
cubic regression models were fitted to the data. The sum of correct responses of the
Standard Progressive Matrices test was used as a dependent variable. Parameter
estimation was performed with the least squares estimator.

Table 3 presents the results of the series of polynomial regressions of the total
sample (T) and of the samples of girls (F) and boys (M).

As shown in Table 3, all regression models had acceptable fit to the data.

Table 3
Results of Polynomial Regression of Fluid Intelligence Test Scores
Type of regression Model Summary Parameter Estimates
model Re | F | dft | di2 | p |Const| b1 | b2 | b3
T 0.31 649.0 1 1477 0.00 33.39 1.86
Linear F 0.36 3977 1 690 0.00 33.62 1.89
M 0.26 273.3 1 785 0.00 33.24 1.81
T 0.32 3453 2 1476  0.00 30.16 3.53 -0.15
Quadratic F 0.39 220.4 2 689 0.00 29.37 4.09 -0.19
M 0.27 1419 2 784 000 3074 311 -0.12
T 033 2407 3 1475 0.00 25.66 7.21 -0.92 0.05
Cubic F 0.39 148.2 3 688 0.00 2731 579 -0.55 0.05
M 0.29 104.5 3 783 0.00 24.07 8.54 -1.25 0.07

Note. The indices of the models that best fit the data are highlighted in bold.
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The linear model explained no more than 31% of the variance in fluid intelligence
scores for the total sample, 36% of the variance for the sample of girls, and 26% of
the variance for the sample of boys. The results reveal that the nonlinear regression
models explain more of the variance in the fluid intelligence scores than the linear
model for all groups of schoolchildren (see Table 3). Thus, for the total sample,
both the quadratic and cubic models better fit the data (R?> = 0.32 and R? = 0.33
respectively, p < 0.001), which suggests that the relationships are nonlinear rather
than cubic. For the group of girls, both the quadratic and cubic models explain 39%
of the variance in fluid intelligence scores, but the quadratic model uses the fewest
parameters. Therefore, the quadratic model shows the best fit to the data for the
school-aged girls. For the male sample, the largest percentage of the variance in
fluid intelligence is explained by the cubic model (R? = 0.29, p < 0.001). Therefore,
of the three tested regression models, this model shows the best fit to the data for the
school-aged boys.

Thus, the changes in fluid intelligence with years of schooling are nonlinear for
both girls and boys. At the same time, quadratic relationships are best applicable to
changes in fluid intelligence found for the school-aged girls, and cubic relationships
best describe the changes found for the male sample. In particular, the most intensive
improvements in fluid intelligence scores were found for Grades 1 to 5, and a slight
improvement up to Grade 11 was observed for the group of school-aged girls. For
the sample of boys, the most intensive improvements in fluid intelligence scores were
observed twice from Grades 1 to 5 and from Grade 10 to 11. Between Grades 6
and 9, the stabilization of fluid intelligence was fixed in boys. These different patterns
of school-age changes in fluid intelligence are presented in Figure 1.

In Figure 1, Grades 1 to 11 are measured on the X axis and Standard Progressive
Matrices test scores of 0 to 60 are measured on the Y axis. Fluid intelligence scores for
each grade obtained from the linear regression (solid line), quadratic model (dashed
line), and cubic model (dash-dot line) are illustrated.

Figure 1
Fluid Intelligence Test Scores for Each Grade Across the Schooling. The Distribution
of Fluid Intelligence for Girls (a) and (b) Boys
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Figure 1 demonstrates that a nonlinear graph fits the distribution of fluid
intelligence quite well for both girls (Figure 1a) and boys (Figure 1b). For the sample
of girls, the quadratic model and cubic model explain the most variance in fluid
intelligence scores; however, the quadratic model uses the fewest parameters.
Therefore, the quadratic model best fits the data for the female sample. As shown
in Figure 1a, a great improvement in fluid intelligence was found from Grades 1 to 5
followed by a slight gradual improvement to Grade 11 for the group of school-aged
girls. These changes are best described by a quadratic function, a parabola.

For the sample of boys, the cubic model explains the most variance and
shows the best fit to the data. Figure 1b shows two significant improvements in
fluid intelligence test scores in boys from Grades 1 to 5 and from Grades 10 to 11
with stabilization occurring between Grades 6 and 9. This pattern of change is best
described by a cubic function, a cubic parabola.

Discussion

This cross-sectional study aimed to estimate the changes of fluid intelligence scores
measured by the Standard Progressive Matrices test for girls and boys throughout
the schooling period. Moreover, sex differences in fluid intelligence scores at each
year of schooling were analyzed.

The analysis reveals that despite a strong correlation between grade and
schoolchildren age, grade is a more important factor in shaping changes in fluid
intelligence during schooling. Therefore, when both predictors were fitted into
a single regression model, grade was found to be a statistically significant predictor
of fluid intelligence, whereas age was not. This finding points towards the significant
importance of school education for children’s cognitive development (Brinch &
Galloway, 2012; Nisbett et al., 2012; Schneeweis et al., 2014). Moreover, formal
education is very important for further cognitive functioning (Ritchie et al., 2015).
In particular, the association between the duration of formal education and cognitive
abilities measured at age 70 has a direct relationship after controlling for general
intelligence factor g. The present analysis was carried out with school grade used as
a single predictor for fluid intelligence test score changes.

This study shows that girls perform better than boys on fluid intelligence test
tasks in each grade throughout primary and secondary school (from Grades 1 to0 9). In
contrast, during high school (Grades 10 and 11), the mean values of fluid intelligence
test scores for the sample of boys were slightly higher than those of the sample of
girls. However, statistically significant sex differences in fluid intelligence scores were
obtained for Grade 9 only and age 15.7 with the girls having an advantage. An effect
size of 16% was found, which is in line with Colom and Lynn (2004) who found that
girls aged 12-15 achieve higher scores on intelligence test tasks than their male peers.
In general, it was shown that there are no statistically significant sex differences in
fluid intelligence test scores from Grades 1 to 8 and from Grades 10 to 11. This result
corresponds with data on the lifelong absence of sex differences in fluid intelligence
(e.g., Flynn & Rossi-Casé, 2011; Irwing & Lynn, 2005). According to a meta-analysis,



Changing Societies & Personalities, 2022, Vol. 6, No. 3, pp. 488-503 499

there are no sex differences in means of fluid intelligence, but the range of test scores
is wider for males than for females (Irwing & Lynn, 2005).

Sex differences in relationships between grade and fluid intelligence test
scores were also revealed. A stronger correlation was observed in the sample of
girls than in boys’ sample. These results may be associated with nonlinear changes
in fluid intelligence during school years as well as with sex differences (e.g., von
Stumm & Plomin, 2015). It was shown that for girls, intensive development in
intelligence begins at 9 years of age and continues up to 15 years of age. Then,
after age 15, intensive development of intelligence in girls is slows, whereas boys
demonstrate more intensive growth in intelligence than girls (von Stumm & Plomin,
2015). Thus, improvements in intelligence test scores show nonlinear patterns
across childhood and adolescence.

Indeed, the results of polynomial regression reveal that nonlinear regression
models explain more variance in fluid intelligence scores than a linear model for both
girls and boys. Nevertheless, different nonlinear models fit to the data of our samples
of school-aged girls and boys. The quadratic relationship was found to be the best
fit to the pattern of change in fluid intelligence for our female sample. According to
the results found for our female sample, the most intensive improvements in fluid
intelligence test scores were observed from Grades 1 to 5 with slight improvements
occurring up to Grade 11.

Changes observed in the sample of boys are best described by cubic dependency.
For the male sample, the most intensive improvements in fluid intelligence test scores
were observed twice from Grades 1 to 5 and from Grade 10 to 11 with stabilization
occurring between Grades 6 and 9. These different changes in fluid intelligence are
best described by a parabolic function for girls and by a cubic function for boys. These
results are consistent with findings of previous studies (e.g., Colom & Lynn, 2004;
Shangguan & Shi, 2009). In particular, it was shown that only for 10-year-old boys
is there a positive correlation between levels of testosterone and success on fluid
intelligence tests; at 12 years of age, there is a negative correlation, and at 8 years of
age, there are no statistically significant relationships at all (Shangguan & Shi, 2009).
These fluctuations in the influence of sex hormones on cognitive functioning may lead
to a relative stabilization (“plateau”) of fluid intelligence in boys from 6 to 9 years of
schooling (aged 12 to 15) as shown in this study.

At the same time, the second intensive increase in fluid intelligence found for
our sample of boys aged 16-17 may be related to the selection for continued school
education Grades 10 and 11. In the Russian educational system, schooling from
Grades 1 to 9 is compulsory, after which a student can continue academic studies at
school or attend college for vocational training. As a rule, schooling in Grades 10-11 is
chosen by students with good or excellent academic performance. According to the
latest data, sex differences are found during schooling in Grades 10-11: the majority
of girls continue to the senior grades as do boys, who have higher academic test
results (Jackson et al., 2020). Therefore, the improvement in fluid intelligence test
scores recorded in our study can be explained by a stronger “filter” for continuing
education in high school for the sample of boys.
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Nevertheless, some studies have suggested the age-related specificity in fluid
intelligence between girls and boys at school years periods (e.g., Colom & Lynn, 2004).
In particular, sex differences in intelligence were found only from 12 to 15 years of
age, with girls having an advantage in performance on intelligence tests (Colom &
Lynn, 2004). At the same time, it was shown that at the age of 18, the test results of
boys are superior to those of girls. In the present study, no statistically significant sex
differences were found for senior school ages, although mean fluid intelligence test
values were found to be slightly higher in boys.

To sum up, performance on fluid intelligence test scores improves nonlinearly
with grade level, demonstrating sex differences after Grade 5.

Sex differences in the results of polynomial regression are also associated
with a large percentage of the variance in fluid intelligence of girls explained by the
number of years of schooling relative to boys. Within the frameworks of both linear
and nonlinear models, the value of the coefficient of multiple determination R? for
girls varies from 0.36 to 0.39 while that for boys ranges from 0.26-0.29 (p < 0.001).
These data indicate more dependence of changes in fluid intelligence on the year
of schooling for girls than for boys, confirming the relationship between behavioral
levels and the specificities of sexual maturation (Miller & Halpern, 2014; Shangguan
& Shi, 2009).

At the same time, the larger percentage of the explained dispersion in the
variability of intelligence found in girls by “educational” age can also be explained
within the context of the sociocultural paradigm (Frenken et al., 2016; Miller & Halpern,
2014; von Stumm & Plomin, 2015). Previously, it was shown that socialization
processes, such as the sex specificity of education and parental stereotypes in
the upbringing and education of boys and girls, can affect success on cognitive
test tasks (Frenken et al., 2016; Miller & Halpern, 2014). It is generally accepted
that girls, in demonstrating socially desirable behavior to teachers, complete
tasks more thoroughly and accurately, study harder and, as a result, have more
experience in training and operating with educational material, including nonverbal
material. The gradual improvement in fluid intelligence indicators found in this study
from 6 to 11 years of schooling for a group of girls may indicate a greater sensitivity
to the effects of formal education. However, more research is needed to test
biological and sociocultural effects on sex differences in the cognitive functioning
of schoolchildren.

Conclusion

The results revealed that the school-age change in fluid intelligence is
nonlinear for both girls and boys. At the same time quadratic relationships are
most applicable to change in fluid intelligence for school-age girls, and cubic
relationships are best describing it in a group of boys. It is important to note,
the study organized by cross-sectional design with appropriate limitations.
Longitudinal studies are needed to examine the developmental trajectories
of fluid intelligence.



Changing Societies & Personalities, 2022, Vol. 6, No. 3, pp. 488-503 501

References

Aichele, S., Rabbitt, P., & Ghisletta, P. (2019). lliness and intelligence are
comparatively strong predictors of individual differences in depressive symptoms
following middle age. Aging & Mental Health, 23(1), 122-131. https://doi.org/10.1080
13607863.2017.139444

Baltes, P., & Reinert, G. (1969). Cohort effects in cognitive development of
children as revealed by cross-sectional sequences. Developmental Psychology, 1(2),

169-177. https://doi.org/10.1037/h0026997

Barbey, A.K. (2018). Network neuroscience theory of human intelligence. Trends
in Cognitive Sciences, 22(1), 8-20. https://doi.org/10.1016/j.tics.2017.10.001

Brinch, C.N., & Galloway, T.A. (2012). Schooling in adolescence raises 1Q
scores. Proceedings of the National Academy of Sciences of the United States of

America, 109(2), 425-430. https://doi.org/10.1073/pnas.1106077109

Brouwers, S.A., van de Vijver, F.J.R., & van Hemert, D.A. (2009). Variation in
Raven’s Progressive Matrices scores across time and place. Learning and Individual
Differences, 19(3), 330-338. https://doi.org/10.1016/.lindif.2008.10.006

Brown, R.E. (2016). Hebb and Cattell: The genesis of the theory of fluid and
crystallized intelligence. Frontiers in Human Neuroscience, 10, Article 606. https:/

doi.org/10.3389/fnhum.2016.00606

Cahan, S., & Cohen, N. (1989). Age versus schooling effects on intelligence
development. Child Development, 60(5), 1239-1249. https://doi.org/10.2307/1130797

Cattell, R.B. (1963). Theory of fluid and crystallized intelligence: A critical
experiment. Journal of Educational Psychology, 54(1), 1-22. https://doi.org/10.1037/
h0046743

Colom, R., & Lynn, R. (2004). Testing the developmental theory of sex differences
in intelligence on 12-18 year olds. Personality and Individual Differences, 36(1), 75-82.
https://doi.org/10.101 191- -

Deary, I.J., Strand, S., Smith P, & Fernandes, C. (2007). Intelligence and
educational achievement. Intelligence, 35(1), 13-21. htips://doi.org/10.1016/j.
intell.2006.02.001

Deary, I.J., & Johnson, W. (2010). Intelligence and education: Causal
perceptions drive analytic processes and therefore conclusions. International Journal

of Epidemiology, 39(5), 1362-1369. https://doi.org/10.1093/ije/dyq072

Desjardins, R., & Warnke, A. J. (2012). Ageing and skills: A review and analysis
of skKill gain and skill loss over the lifespan and over time (OECD Education Working
Papers, No. 72). OECD Publishing. https: i.org/10.1787/5k9csvw87ckh-

Flynn, J.R., & Rossi-Casé, L. (2011). Modern women match men on Raven’s
Progressive Matrices. Personality and Individual Differences, 50(6), 799-803.
https: i.org/10.1016/j.paid.2010.12.



https://changing-sp.com/
https://doi.org/10.1080/13607863.2017.1394440
https://doi.org/10.1080/13607863.2017.1394440
https://psycnet.apa.org/doi/10.1037/h0026997
https://doi.org/10.1016/j.tics.2017.10.001
https://doi.org/10.1073/pnas.1106077109
https://doi.org/10.1016/j.lindif.2008.10.006
https://doi.org/10.3389/fnhum.2016.00606
https://doi.org/10.3389/fnhum.2016.00606
https://doi.org/10.2307/1130797
https://doi.org/10.1037/h0046743
https://doi.org/10.1037/h0046743
https://doi.org/10.1016/S0191-8869(03)00053-9
https://doi.org/10.1016/j.intell.2006.02.001
https://doi.org/10.1016/j.intell.2006.02.001
https://doi.org/10.1093/ije/dyq072
https://doi.org/10.1787/5k9csvw87ckh-en
https://doi.org/10.1016/j.paid.2010.12.035

502 Tatiana N. Tikhomirova, Artem S. Malykh, Sergey B. Malykh

Frenken, H., Papageorgiou, K.A., Tikhomirova, T., Malykh, S., Tosto, M.D., &
Kovas, Y. (2016). Siblings’ sex is linked to mental rotation performance in males but
not females. Intelligence, 55, 38—43. htips: i.org/10.1016/j.intell.2016.01.

Ghisletta, P., Rabbitt, P., Lunn, M., & Lindenberger, U. (2012). Two thirds of
the age-based changes in fluid and crystallized intelligence, perceptual speed,
and memory in adulthood are shared. Intelligence, 40(3), 260-268. https://doi.

rg/10.1016/j.intell.2012.02.

Hartshorne, J., & Germine, L. (2015). When does cognitive functioning peak?
The asynchronous rise and fall of different cognitive abilities across the life span.
Psychological Science, 26(4), 433-443. https://doi.org/10.1177/0956797614567339

Horn, J.L., & Cattell, R.B. (1966) Refinement and test of the theory of fluid and
crystallized general intelligences. Journal of Educational Psychology, 57(5), 253-270.
https://doi.org/10.1037/h002381

Irwing, P., & Lynn, R. (2005). Sex differences in means and variability on the
progressive matrices in university students: A meta-analysis. British Journal of
Psychology, 96(4), 505-524. https://doi.org/10.134 712

Jackson, M., Khavenson, T., & Chirkina, T. (2020). Raising the stakes: Inequality
and testing in the Russian education system. Social Forces, 98(4), 1613-1635.
https://doi.org/10.1 f/soz11

Kievit, R.A., Davis, S.W., Griffiths, J., Correia, M. M., Cam-CAN, & Henson, R.N.
(2016). A watershed model of individual differences in fluid intelligence. Neuropsychologia,

91, 186-198. https://doi.org/10.1016/j.neuropsychologia.2016.08.008
Miller, D.I., & Halpern, D.F. (2014). The new science of cognitive sex differences.

Trends in Cognitive Sciences, 18(1), 37-45. https://doi.org/10.1016/j.tics.2013.10.011

Nisbett, R.E., Aronson, J., Blair, C., Dickens, W., Flynn, J., Halpern, D.F., &
Turkheimer, E. (2012). Intelligence: New findings and theoretical developments.

American Psychologist, 67(2), 130-159. hitps://doi.org/10.1037/a0026699
Ob obrazovanii v Rossiiskoi Federatsii [On Education in the Russian Federation].

Federal Law of the Russian Federation No. 273-FZ (2012, December 29, rev. on 2021,
July 2). http://pravo.gov.ru/proxy/ips/?docbody=&nd=102162745

Pica, P., Lemer, C., lzard, V., & Dehaene, S. (2004). Exact and approximate
arithmetic in an Amazonian indigene group. Science, 306(5695), 499-503. https:/doi.
org/10.1126/science.1102085

Raven, J.J. (2003). Raven Progressive Matrices. In R.S. McCallum (Ed.),
Handbook of nonverbal assessment (pp. 223-237). Springer. https:/doi.
0rg/10.1007/978-1-4615-0153-4_11

Ritchie, S.J., Bates, T.C., & Deary, I.J. (2015). Is education associated with
improvements in general cognitive ability, or in specific skills? Developmental

Psychology, 51(5), 573-582. https://doi.org/10.1037/a0038981



https://doi.org/10.1016/j.intell.2016.01.005
https://doi.org/10.1016/j.intell.2012.02.008
https://doi.org/10.1016/j.intell.2012.02.008
https://doi.org/10.1177%2F0956797614567339
https://psycnet.apa.org/doi/10.1037/h0023816
https://doi.org/10.1348/000712605X53542
https://doi.org/10.1093/sf/soz113
https://doi.org/10.1016/j.neuropsychologia.2016.08.008
https://doi.org/10.1016/j.tics.2013.10.011
https://psycnet.apa.org/doi/10.1037/a0026699
http://pravo.gov.ru/proxy/ips/?docbody=&nd=102162745
https://doi.org/10.1126/science.1102085
https://doi.org/10.1126/science.1102085
https://doi.org/10.1007/978-1-4615-0153-4_11
https://doi.org/10.1007/978-1-4615-0153-4_11
https://doi.org/10.1037/a0038981

Changing Societies & Personalities, 2022, Vol. 6, No. 3, pp. 488-503 503

Schneeweis, N., Skirbekk, V., & Winter-Ebmer, R. (2014). Does education
improve cognitive performance four decades after school completion? Demography,
51(2), 619-643. https: i.org/10.1007/s13524-014-0281-1

Shangguan, F., & Shi, J. (2009). Puberty timing and fluid intelligence: A study
of correlations between testosterone and intelligence in 8- to 12-year-old Chinese
boys. Psychoneuroendocrinology, 34(7), 983-988. hiips: i.org/10.1016/j.

n n.2 .01.012

Tikhomirova, T., Kuzmina, Y., Lysenkova, |., & Malykh, S. (2019a). Development
of approximate number sense across the elementary school years: A cross-cultural
longitudinal study. Developmental Science, 22(4), e12823. https://doi.org/10.1111/
desc.12823

Tikhomirova, T., Kuzmina, Y., Lysenkova, I., & Malykh, S. (2019b). The relationship
between non-symbolic and symbolic numerosity representations in elementary
school: The role of intelligence. Frontiers in Psychology, 10(2019), Article 2724.
https://doi.org/10. fpsyg.2019.02724

Tikhomirova, T., Malykh, A., & Malykh,S. (2020). Predicting academic
achievement with cognitive abilities: Cross-sectional study across school education.

Behavioral Sciences, 10(10), Article 158. https:/doi.org/10.3390/bs10100158

Tucker-Drob, E., & Briley, D. (2014). Continuity of genetic and environmental
influences on cognition across the life span: A meta-analysis of longitudinal twin and
adoption studies. Psychological Bulletin, 140(4), 949-979. hitps://doi.org/10.1037/
a0035893

von Stumm, S., & Plomin, R. (2015). Socioeconomic status and the growth of
intelligence from infancy through adolescence. Intelligence, 48, 30-36. https:/doi.
org/10.1016/j.intell.2014.10.002

Zilles, D., Lewandowski, M., Vieker, H., Henseler, |., Diekhof, E., Melcher, T.,

Keil, M., & Gruber, O. (2016). Gender differences in verbal and visuospatial working
memory performance and networks. Neuropsychobiology, 73(1), 52-63. https://doi.

0rg/10.1159/000443174


https://changing-sp.com/
https://doi.org/10.1007/s13524-014-0281-1
https://doi.org/10.1016/j.psyneuen.2009.01.012
https://doi.org/10.1016/j.psyneuen.2009.01.012
https://doi.org/10.1111/desc.12823
https://doi.org/10.1111/desc.12823
https://psycnet.apa.org/doi/10.3389/fpsyg.2019.02724
https://doi.org/10.3390/bs10100158
https://psycnet.apa.org/doi/10.1037/a0035893
https://psycnet.apa.org/doi/10.1037/a0035893
https://doi.org/10.1016/j.intell.2014.10.002
https://doi.org/10.1016/j.intell.2014.10.002
https://doi.org/10.1159/000443174
https://doi.org/10.1159/000443174

