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Using the results of two empirical studies (with different samples and academic subjects),
our research was aimed at discovering the significant role of conscious self-regulation,
intelligence, and cognitive features in predicting optimal academic achievement. The
sample consisted of 406 students (aged 14-16) in the 8th to 11th grades of the Rus-
sian formal education system. Conscious self-regulation together with intelligence and
cognitive abilities was determined to be a significant predictor of academic success. The
Study 1 results revealed that the general level of self-regulation of learning activity and
certain regulatory features were significant predictors of different types of mathemati-
cal achievements: academic grades, scores on exams, mathematical fluency, as well as
solving logical mathematical problems and equations. The present study is the first to
show the mediating role of self-regulation in relation to intelligence, cognitive features,
and academic success. Study 2 found evidence that conscious self-regulation and intel-
ligence can predict academic achievement in the humanities, mathematics, and natural
sciences.. At the same time, this determination has its peculiarities in particular vari-
ables of intelligence and certain self-regulation processes depending on the substantive
characteristics of the academic subjects. Regression models of academic success in the
humanities identified verbal intelligence associated with vocabulary as highly significant
and a definitive requirement for success in these subjects. Study 1 and Study 2 showed
that the only significant predictors of success in algebra and geometry were quantitative-
relations intelligence and spatial intelligence. The implications of these findings for inves-
tigating predictors of academic achievement are discussed.

Keywords: conscious self-regulation, intelligence, cognitive features, gifted students,
academic achievement

Introduction

The psychological factors in academic success are a hot point in modern psychol-
ogy. For a long time research efforts have been focused on cognitive features and
intelligence as predictors of academic success. Yet empirical results differ in as-
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sessing the contribution of intelligence to academic achievement. According to
meta-analysis results, some researchers report that the interrelationship between
academic success and psychometric intelligence is determined within 0.29-0.40
(Gordeeva, 2013; Kornilov, Grigorenko, & Smirnov, 2009), while other studies re-
veal this interrelationship to be 0.40-0.63 (Bartels, Rietveld, Van Baal, & Boomsma,
2002; Brody, 2004; Krapohl et al., 2014; Spinath, Spinath, Harlaar, & Plomin, 2006;
Sternberg, Grigorenko, & Bundy, 2001). However, researchers point out that intel-
ligence is a key predictor of students’ academic success; intelligence explains 25%
of the variance of indicators of academic success (Gottfredson, 2004; Sternberg et
al., 2001).

Many research efforts are focused on the noncognitive factors influencing stu-
dents’ academic success. Scientists discovered among them a number of personal
predictors: motivation, self-esteem, self-efficacy, personal potential, and the “Big
Five” factors (Gordeeva, Leontiev, & Osin, 2011; Gordeeva & Osin, 2012; Kocher-
gina, Nye, & Orel, 2013; Kornilova, Kornilov, & Chumakova, 2009; Kornilova &
Novikova, 2013; Krapohl et al., 2014; Smirnov, Kornilova, Kornilov, & Malakhova,
2007; Spinath et al., 2006; Steinmayr & Spinath, 2009).

In addition, researchers have suggested self-regulation (SR) as an essential fac-
tor in students’ academic success (Boekaerts, Pintrich, & Zeidner, 2005; Diseth &
Kobbeltvedt, 2010; Elliot, McGregor, & Gable, 1999; Pintrich & De Groot, 1990;
Zimmerman & Schunk, 1989). However, there is no common understanding of
what a phenomenon of SR is and which features are to be considered SR compo-
nents. Most researchers focus on goal setting — the ability to set learning goals
(Schunk, 1990; Zimmerman, Bandura, & Martinez-Pons, 1992). Other scientists
analyze volitional (Corno, 2001), cognitive (Winne, 1995), and sociocultural (Mc-
Caslin and Hickey, 2001) aspects of SR.

In Russia the problem of the interrelationship between SR and academic
achievement is considered in the context of both personality psychology (Ivan-
nikov, 2006; Leontiev, 2011) and cognitive psychology (Kornilova, 2008; Sergienko,
2008). It is difficult to interpret conscious SR as a purely personal or cognitive fac-
tor. Nowadays SR is often viewed as a meta-cognitive process that organizes learn-
ing by coordinating primary cognitive processes (Karpov, 2011). Overall, it is a
paradoxical situation: the impact of SR on learning activity is not disputed, but the
contribution of regulatory processes is difficult to assess because of different meth-
odological positions resulting in different research organization.

The main goal of the present article is to introduce the standpoint of the scien-
tific school of SR psychology developed by the Psychological Institute of the Rus-
sian Academy of Education. Equally important to us is the task of evaluating and
comparing the contribution of regulatory, cognitive, and intellectual factors to aca-
demic success based on the results of our recent empirical studies.

The basic concept: Self-regulation

We define self-regulation as a process of conscious self-organization of psychic ac-
tivity that assures goal setting and achievement of results corresponding to these
goals. SR is realized through a wholesome, multilevel system that has a particular
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structure of interrelated components. A conceptual model of the conscious SR sys-
tem includes the main functional components: activity goal (as it is understood and
accepted by the subject); subjective model of the activity conditions significant for
goal achievement; program of the activity; system of criteria for goal achievement;
evaluation and correction of the activity results (Konopkin, 2011).

We distinguish between stylistic features of the manifestation of regulatory
processes for implementing the main components of the psychic SR system (opera-
tional level), regulatory-personal features (temperamental and characterological
level), and the general (integrative) level of SR, which characterizes the develop-
ment of a person’s subjective activity. Stylistic features are a prerequisite for the
formation of individual styles in specific professional and learning activities — to
the extent to which the individual is aware of them. Thus, we consider SR stylistic
features as an individual’s psychological resource (Morosanova, 2010).

The results of theoretical and empirical studies allow us to suggest that con-
scious SR may act as a metacognitive factor that is involved in learning activity
and mobilizes cognitive and personal resources for the achievement of learning
goals (Morosanova, 2014). Any learning activity is a specific kind of voluntary ac-
tivity, and its effectiveness is determined by stylistic features of SR. Studies show
that students’ academic success depends on the degree of SR development and
the SR stylistic features (Konopkin & Prygin, 1984; Kruglova, 2000; Morosanova,
2013a); Morosanova, Fomina, & Kovas, 2014). It had been shown that students
with higher motivation and SR achieve significantly better results, have a posi-
tive attitude to learning, and successfully adapt to the changing conditions of
the learning process (Morosanova & Filippova, 2009; Morosanova, Filippova, &
Fomina, 2014).

Our extended studies enable us to state that conscious SR is a meta-resource: it
has universal and special competence to put forward and to manage the process of
goal achievement. Cognitive features, temperament, character, and self-conscious-
ness are the differential foundation of these competencies. Universal and special
competencies mobilize, integrate, and mediate the effects of these personality fea-
tures on human behavior (Morosanova, 2014). Students’ ability to organize their
own learning activity so as to achieve success depends on the level of conscious SR
development and the specificity of the profile of SR stylistic features (Konopkin &
Prygin, 1984; Kruglova, 2000; Morosanova, 2013b; Morosanova, Fomina, & Kovas,
2014).

Thus, we and our foreign colleagues, through sharing similar theoretical and
methodological positions (Bouftard et al., 1995; Zimmerman et al., 1992; Zimmer-
man & Schunk, 1989), established the regulatory predictors of academic success.

Therefore, the main questions we put for our studies are as follows. What is the
relationship between high school students’ cognitive abilities, regulatory character-
istics, and mathematical achievements? Do regulatory characteristics contribute to
mathematical achievement along with cognitive abilities? Are there any significant
peculiarities of the joint effect of SR and intelligence on the achievement of various
school subjects? If SR is a meta-resource, then how does it manifest its mediating
role between cognitive and intellectual characteristics and their impact on students’
academic success?
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Study 1. Conscious self-regulation: contribution to academic
achievement and the mediator role in relations among cognitive
characteristics, mathematical abilities, and mathematical success

Researchers present much evidence that mathematical achievement is inde-
pendently associated with cognitive characteristics: general intelligence, number
sense, spatial memory, and reaction time (Geary, 2011; Rodic etal., 2015; Rohde
& Thompson, 2007; Ross, Budakova, Malykh, & Vorobyev, 2012; Tikhomirova &
Kovas, 2012). However, these cognitive characteristics explain both a modest and
a moderate amount of variance of mathematical ability and achievement, a finding
that suggests that other, perhaps noncognitive factors are also important. Thus, mo-
tivational and personality factors (self-efficacy, self-perceived ability) predict math-
ematical achievement and explain its additional unique variance (Cleary & Chen,
2009; Dirik, Bogdanova, & Kovas, 2012; Gordeeva & Osin, 2012; Greven, Harlaar,
Kovas, Chamorro-Premuzic, & Plomin, 2009; Hackett & Betz, 1989; Luo, Kovas,
Haworth, & Plomin, 2011; Spinath et al., 2006; Steinmayr & Spinath, 2009).

The present research investigates in detail the relationships among different
aspects of self-regulation, mathematically relevant cognitive characteristics, and
mathematical achievements. In addition, the study analyzes the role of SR as a me-
diator between cognitive characteristics, mathematical abilities, and mathematical
achievements.

Methods

Participants

The sample included 318 (158 males) 14-16 year old students (mean age=15.1)
educated in state secondary schools in Russia. All participants were in the 9th grade
(out of 11) of the Russian formal educational system. Everyone participated on a
voluntary basis with written agreement of the parents.

Procedure

Regulatory features, cognitive characteristics, and mathematical outcomes were as-
sessed. Participants completed a battery of tests in groups in their schools’ compu-
ter classes during the first half of the school day. All tests and questionnaires were
completed in the same order during one session in the presence of a researcher.

Measures

Regulatory features. The Self-Regulation Profile of Learning Activity Questionnaire
(SRPLAQ; Morosanova, 2010), a version of the Self-Regulation Profile Question-
naire, was used to assess regulatory features.

SRPLAQ includes 67 statements that describe typical situations concerning
the achievement of learning goals. These statements are grouped into the follow-
ing nine scales, each composed of nine items: planning (as setting and achieving
goals), modeling (of significant, subjective internal and external conditions for
goal achievement), programming (of actions), results evaluation, flexibility, in-
dependence, reliability, responsibility, social desirability (Morosanova, Vanin, &
Tsyganov, 2011). Each statement is rated on a scale of 4 (yes, probably yes, prob-
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ably no, no). High scores (maximum 9) denote high self-regulation. An integra-
tive scale — the general level of conscious SR — is estimated by adding the scores
together (maximum 58). Cronbach’s alpha for each scale ranged from 0.58 to 0.76.
The subscales were significantly correlated with each other (r=0.22-0.66, p<.01).
The general level of the SRPLAQ was positively correlated with the students’ exam
performance (r=0.434, p <.01).Cognitive characteristics. The cognitive test battery
assessed cognitive characteristics that were previously linked to mathematical abi-
lity, including number sense, spatial memory, spatial ability, reaction time, and ge-
neral intelligence. The following seven tests were included. The tests of number
sense were:

The Dot-Number Task assesses the comparison of symbolically and nonsym-
bolically indicated numerosities. The total number of correct responses is
registered.

The Number Line Test assesses the estimation of numerical magnitudes; it was
programmed and implemented online based on a description in Opfer and
Siegler (2007). The scores are calculated as the mean of the deviations from
the correct position of the numbers on the line.

The Dot Task assesses the ability to differentiate numerosities. The task is a
variation of the dot task developed by Ginsburg and Baroody (1990) and
is programmed online based on the description found in Halberda, Maz-
zocco, and Feigenson (2008). The total number of correct responses is reg-
istered.

The tests for other cognitive characteristics were:

The Reaction Time Task assesses response reaction time; it was programmed
following the procedure described in Deary, Der, and Ford (2001).

The Corsi Block Test, adapted for online use from Pagulayan, Busch, Medina,
Bartok, and Krikorian (2006), assesses spatial working memory. The pro-
gram records accuracy and reaction time for each trial.

The Mental Rotation Task, based on the task created by Shepard and Metzler
(1971), is used to measure spatial ability. The test consists of 180 trials,
and participants are asked to answer as many questions as possible in 3
minutes.

General Intelligence was assessed using Raven’s progressive matrices, adapted
from Raven, Court, & Raven (1996). It is a measure of general fluid intel-
ligence, or nonverbal IQ.

Mathematical outcomes. The tests for mathematical achievement and ability
were:

The Problem Verification Task (PVT) is an online adaptation of a test, described
in Murphy and Mazzocco (2008), to assess mathematical fluency. Stimulus
material is presented in the form of an already solved mathematical task.
The participant decides whether a given answer is correct or not. This test
evaluates the ability to perform basic mathematical operations quickly and
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accurately and therefore can be considered as an indicator of success in
mathematics. We used the result of the PVT test also as an indicator of
mathematical ability, which in turn determines mathematical outcomes.

Understanding Numbers assesses mathematical achievement according to the
standards of the UK National Curriculum. The test comprises 18 items ar-
ranged in increasing level of difficulty and organized in three levels of six
items each. We used the results of this test as an indicator of both success in
mathematics and mathematical ability, which in turn determines the math-
ematical outcomes.

The Year Math Grade is the grade received for algebra for the whole year; a
grade was obtained for all students using school registers. Russian schools
assess student achievement on a 5-point scale throughout their education.

The State Exam Grade for mathematics was obtained from school records for
each student. The result of this examination is a score on a 0-38 scale.

Results

Correlations

We evaluated mathematical achievement from two points of view. We used some
mathematical abilities (mathematical fluency, understanding and successfully sol-
ving logical tasks) as well as the Year Math Grade and the State Exam Grade. Cor-
relation analysis of mathematical ability and mathematical outcomes showed a
significant, moderate relationship (r=0.29-0.35 p <.01). This result supported our
hypothesis that high mathematical ability is not a single-valued predictor of high
mathematical achievement. Significant correlations with measures of mathematical
performance were found both for cognitive and for regulatory characteristics (Mo-
rosanova, Shcheblanova, Bondarenko, & Sidikov, 2013; Morosanova, Morosanova,
Fomina, & Kovas, 2014). An analysis of these relationships was provided in our
previous publications (Morosanova, Fomina, & Kovas, 2014; Morosanova, Filip-
pova, & Fomina, 2014). Indeed, most of the significant correlations revealed be-
tween mathematical outcomes and cognitive characteristics were as expected. But
we also identified regulatory characteristics associated with mathematical achieve-
ment. Thus, modeling correlated with the PVT (mathematical fluency) (r=0.15,
p<.05), Understanding Numbers (r=0.21, p<.01), the Year Math Grade (r=0.25,
p<.01), and the State Exam Grade (r=0.17, p<.01). Results evaluation correlated
with the Year Math Grade (r=0.22, p<.01). Self-dependence correlated with the
Year Math Grade (r=0.14, p <.05). Reliability correlated with Understanding Num-
bers (r=0.14, p <.05). Responsibility correlated with the Year Math Grade (r=0.12,
p<.05). The general level of SR correlated with Understanding Numbers (r=0.14,
p<.05) and the Year Math Grade (r=0.24, p<.01). Five regulatory features, includ-
ing the general level of SR, correlated with the Year Math Grade.

Regression analyses

Regression analysis showed that both cognitive and regulatory features are signif-
icant predictors of different types of mathematical success. We carried out four
regression analyses with mathematics outcomes as the dependent variables (math-
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ematical fluency; Understanding Numbers; the Year Math Grade; the State Exam
Grade) and with seven cognitive measures and eight subscales of SR as the inde-
pendent variables.

We also re-ran these analyses, including the general level of SR instead of eight
subscales. The results showed that the general level of SR was a significant predic-
tor of mathematical fluency, Understanding Numbers, and the Year Math Grade
(Morosanova, Fomina, & Kovas, 2014).

The study results allowed us to analyze the peculiar character of relation-
ships between certain regulatory predictors and different aspects of mathematical
achievement. Thus, flexibility was a significant predictor of mathematical fluency
(B=0.14, p<.05); reliability (p=0.16, p<.05) and modelling (3=0.14, p<.05) pre-
dicted Understanding Numbers; responsibility (f =-.22, p <.05) and goal planning
(B=0.21, p<.05) were predictors of the State Exam Grade.

The relationships between cognitive measures (abilities) and mathematical
achievement also differ in the details. General Intelligence (f=0.21, p <.001), visu-
ospatial memory (p=0.19, p<.01), number sense (3=0.14, p <.05), and the Mental
Rotation Task (=0.16, p<.01) proved to be significant predictors of mathematical
fluency (PVT). Number sense (f=0.25, p<0.001), General Intelligence (3=0.15,
p<.05), and the Mental Rotation Task (p=0.15, p <.05) were significant predictors
of Understanding Numbers. Visuospatial memory (f=0.16, p<.05) and number
sense (p=0.15, p<.05) predicted the State Exam Grade.

Regression analyses showed that independent variables explained from 17% to
29% of the mathematical achievement variance.

Mediator analysis

Mediator hypothesis checking was carried out by analyzing several series of mul-
tiple regression analyses and using the Sobel test. In the final models, of all our SR
independent variables, only the regulatory process of modeling was revealed to be
a significant predictor of the Year Math Grade. Its mediator effect was verified in an
analysis with nonverbal intelligence and the Number Line Test results as independ-
ent variables; they proved to be significant predictors of academic success (the Year
Math Grade was taken as a dependent variable). In addition, we found that mod-
eling played a mediating role between mathematical abilities and academic success.
We observed a mediating effect for the independent variables mathematical fluency
and Understanding Numbers.

Table 1 summarizes the statistical parameters of the mediator analyses. The
Sobel test confirmed the partial mediator effect of modeling. It should be noted
that the mediator effect was observed for the dependent variable Year Math Grade
only.

Modeling allows an assessment of students’ ability to discover and effectively
use learning conditions that are necessary for the achievement of learning goals.
Apart from being an important feature for learning in general, it is possible that
modeling is particularly important specifically for mathematical learning. When
solving mathematical problems, it is necessary to analyze the relevant learning
conditions.
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Table 1. The statistical parameters of mediator models and Sobel test results

Regression analysis Sobel test
Predictors Mediator DePendent £ th
variable a b c e Z P
General Modeling Year Math
Intelligence Grade 0.07*  0.08*** 0.04*** 0.03** 1.97 0.04
Modeli Year Math
E‘ff:%gt odeling Grade A 0.02¢ 0,089 —0.008-0.007% 210  0.03

Mathematical Modeling Year Math

fluency Grade 0.06  0.08%** 0.05%** 0.05** 2.03 0.04

Understanding Modeling Year Math

Numbers Grade 0.13  0.08** 0.072*%* 0.06°* 234 0.02

Note: Nonstandardized regression coeflicients were used. *p=.05. ***p=.001.

The results showed that modeling mediated the relationship between academic
success and General Intelligence. This regulatory process contributed to optimal
use of the intellectual resources of a student’s learning activity.

The mediator effect of SR had also been revealed in regard to number sense
while accomplishing the Number Line Test. The process of analyzing task condi-
tions seems to us similar to mental actions that a student performs when compar-
ing a number and the scale length of a line. So the role of modeling here seems
logical.

The results suggest that cognitive and regulatory features are independently
associated with mathematical outcomes, and the relationships differ depending on
the specific aspect of mathematical achievement.

Cognitive features predict mathematical fluency and success in solving logic
tasks. Meanwhile, the SR features predict academic achievement in mathematics.
Therefore, we have established that both cognitive and regulatory variables are sig-
nificant and independent predictors of mathematical success.

Study 2. Intelligence and self-regulation as predictors
of gifted adolescents’ academic success

Study 2 was aimed at identifying intellectual and regulatory predictors of academic
achievement in the humanities, mathematics, and natural sciences in the sample of
gifted children. Despite the seeming obviousness of the positive role of intellectual
and regulatory factors in academic success, data from different empirical studies
were contradictory. It was found that only children with high intelligence could be
successful at learning; however, among unsuccessful students there were children
with both high and low intelligence (Biryukov & Khodakova, 1999; Druzhinin,
2001; Golubeva, Izyumova, & Kabardov, 1991). Other researchers found no cor-
relations between Russian students’ academic success and their analytical, practi-
cal, and creative intelligence (Bordovskaya & Rean, 2000; Ishkov, 2004; Kornilov,
2012). In contrast, meta-analyses by Poropat (2009) and by Richardson, Abraham,
and Bond (2012) have shown a relationship between intelligence and high school
students’ academic success at ¥=0.20, N=8000.
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Therefore, we've set mainly the following research questions: Does conscious
SR predict gifted students’ academic success? What part of academic success vari-
ance does it explain?

All the students in the Study 2 sample had a high level of intelligence, and so its
contribution to the total variance was reduced. Teachers and psychologists work-
ing with gifted children agree that a low level of SR is one of the main hindrances
to gifted children’s realizing their extraordinary intellectual and creative potential
in learning activity. Researchers have identified defects of SR such as impulsivity,
disorganization, and lack of attention (Reis & McCoach, 2002). We revealed that
conscious SR encourages certain traits of temperament and character, and alters
functional conditions, thereby hindering learning and the achievement of profes-
sional goals (Morosanova, 2014). However, to date, the role of conscious SR and its
specific relations with intelligence in maintaining high academic achievement for
gifted students is not clearly understood.

We formulated the following hypotheses:

Hypothesis 1. General levels of verbal, mathematical, and nonverbal intel-
ligence and the general level of conscious SR significantly predict the aca-
demic achievement of gifted adolescents.

Hypothesis 2. The academic achievement of gifted students in the humani-
ties, mathematics, and natural sciences is determined by particular vari-
ables of intelligence and certain regulatory processes.

Methods

The study was based on questionnaire data collected during several school days.
Individual forms were used to answer the questions and to perform test tasks.

Participants

A total of 87 students of Moscow gymnasium no. 1569, Constellation, for gifted
children participated in the study. The sample included 40 boys and 47 girls aged
14-16 in the 8th, 9th and 12th grades of the Russian formal education system. Eve-
ryone participated on a voluntary basis with written agreement from their par-
ents.

The high academic achievement of the students was manifested in learning out-
comes, the results of academic competitions, intellectual marathons, scientific and
practical conferences. We have previously demonstrated that these students have
significantly higher intellectual development test results than students of ordinary
schools (Morosanova et al., 2013).

Measures

The Self-Regulation Profile of Learning Activity Questionnaire (SRPLAQ; Morosa-
nova, 2011) was used to assess regulatory features.

The Munich Test of Cognitive Abilities for Gifted Students (Kognitiver Fahig-
keit Test, KFT) is a test for measuring intelligence level. We used the Russian ad-
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aptation of the KFT (Averina, Shcheblanova & Perlet, 1991; Shcheblanova, 2004).
The test is used for students who are an average of two years ahead of their peers
in the development of general intelligence and specific intellectual abilities. It con-
tains three scales — verbal (V), mathematical (Q), and nonverbal (N) intelligence.
Each scale consists of two subscales with 25 to 30 tasks. The verbal scale includes
a vocabulary test (V1) and an incomplete-sentence test (V2). The mathematical
scale includes a quantitative-relations test (Q2) and a generation-of-equation test
(Q4); the nonverbal (spatial) test includes a geometric figure-sorting test (N1) and
a figure analogues test (N2).

We used the Year Grades from the 2011-2012 academic year to assess student
academic achievement.

Results

Correlation analysis

Correlation analysis revealed significant positive correlations between intelligence
and academic outcomes in all nine academic subjects. Significant correlations were
found between variables of verbal and mathematical intelligence and academic
outcomes in all the disciplines (r <= 0.21, p<.05 and r <= 0.37, p<.01).

The results of correlation analysis showed that variables of conscious SR such as
planning, modeling, programming, results evaluation, and general level of SR were
positively associated with academic achievement in the humanities and mathemat-
ics (r=0.22-0.30, p<.05). The Results evaluation correlated with academic out-
comes in six subjects (Russian language, literature, history, algebra, geometry, com-
puter science). Obviously, having an intellectual gift is not enough to be successful.
It is important to be self-organized to meet the one’s own aspirations and teachers’
demands. To achieve high academic outcomes gifted students need reflection, self-
criticism, and perfectionism as well as susceptibility to feedback from teachers and
peers (Morosanova et al., 2013).

Regression analysis

In order to test Hypotheses 1 and 2 we used linear regression analysis for the Year
Grades in the humanities, mathematics, and natural sciences (the dependent vari-
ables). As independent variables we used particular characteristics of intelligence
and four regulatory parameters plus the general level of SR as a sum of SR processes
(GL SR (processes)). We have included in linear regression equations only those
variables that showed significant correlations with academic success in the relevant
subjects.

In the final regression models of gifted students’ achievement, we assessed the
contribution of appropriate variables of intelligence and self-regulation. In the first
step, general levels of intelligence and self-regulation (the left column of Table 2)
were included in the model. In the second step, we included specific variables of
verbal, nonverbal, and mathematical intelligence and four processes of self-regula-
tion (the right column of Table 2).

As Table 2 shows, the general level of self-regulation is a significant predictor of
academic success in all the subjects along with intelligence.
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Table 2. Regression analysis, variables of intelligence, self-regulation, and academic outcomes
in the humanities, mathematics, and natural sciences

';": Regression models with general Regression models with partial variables of
3 level of independent variables intelligence and self-regulation processes
;3 Predictors B Predictors [}
o Constant 1.09** Constant 1.09**
gn V1 (vocabulary test) 0.36%*
&V (verbal) 0.53%%%
L: V2 (incomplete sentence) test) ~ 0.26**
'g GL SR(processes) 0.28%*  Programming 0.30%%*
é R*>=0.38 F=23,77*** R?>=0.43 F=9.39%**
Constant 2.89%*  Constant 2.63%*
é V (verbal) intelligence) 0.32%* V1 (vocabulary test) 0.32 %
g GL SR(processes) 0.27%**  Planning 0.55%**
R?>=0.16 F=8.48%** R?=0.44 F=10.88***
Constant 2.50*  Constant 2.28%%*
- V (verbal) 0.6%** V1 (vocabulary test) 0.50%*%
3
% GL SR(processes) 0.18% Programming 021
Modeling 0.19%
R?=0.32 F=10.25%** R?=0.44 F=16.04***
Constant 1.96***  Constant 2.59%¢
o Q (math) 0.29*** Q2 (quantitative relations) 0.32%%%
E,) N (nonverbal) 0.24* N2 (figure analogues test) 0.25*
< 6L SR(processes) 0.22* Results evaluation 0.26**
R?>=0.23 F=12.8"** R?>=0.23 F=6.62"**
Constant 1.36%**
. V (verbal) 0.32%%* V1 (vocabulary test) 0.27*%%*
2 Q (math) intelligence 0.29*** Q2 (quantitative relations) 0.33%%%
§ N (nonverbal) 0.25%** N2 (figure analogues test) 0.38%**
GL SR(processes) 0.21* Modeling 0.19*
R?=0.40 F=17.48"** R?=0.53 F=14.39"**
Constant 2.92%%*
2 Q (math) intelligence 0.43%%*
5 GL SR(processes) 0.19 (0.06)
R*=0.22 F=11.7%*

X'p:

05,** p=.01,"* p=.001.
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Analyzing the study results, wed like to highlight a number of facts. Academic
achievement in the humanities is predicted by verbal intelligence and self-regula-
tion (they explained 38% of the variance in Russian language, 16% in Literature,
32% in History). Although the specific character of different subjects requires di-
verse intellectual resources, verbal intellect as determined by the students” vocabu-
lary (idiolect) turned out to be a significant general predictor of achievement for all
three subject clusters.

As for the regulatory processes, programming was a significant predictor for
Russian language ($=0.30, p <.000), planning for literature (f=0.55, p <.000), and
both programming (=0.21, p<.001) and modeling (p=.19, p<.05) were signifi-
cant predictors for history.

Mathematical achievement is also determined by particular parameters of
intelligence and self-regulation (our independent variables explained 23% of the
variance in algebra and 40% in geometry). Thus, only quantitative-relations intel-
ligence (Q2) and figure analogues intelligence (N2) were significant predictors of
mathematical success. As for our SR variables, results evaluation proved to be a
significant predictor for achievement in algebra (3=0.26, p<.001) and modeling
was significant for geometry (3=0.19, p<.05).

Concerning natural subjects, regression analysis for physics showed that inde-
pendent variables explained 22% of the variance. The regression model turned out
to be significant only for general levels of intelligence and SR because particular
intellectual and regulatory parameters didn’t show relevant significance. Hence, we
can assume that academic achievement in natural sciences is predicted mostly by
the general development of self-regulation and intelligence, not by their particular
aspects. However, this assumption needs further verification.

Discussion

The empirical results presented here support our hypotheses that conscious SR
is a significant predictor of academic achievement along with cognitive charac-
teristics and intelligence. Our study is the first one to prove empirically the me-
diator role of SR regarding cognitive and intellectual determinants of academic
achievement. The model we've managed to create demonstrates that conscious
SR, in addition to its direct beneficial effect on mathematical success, mediates
those impacts contributed by general intelligence, mathematical fluency, and un-
derstanding numbers.

The mechanism of this influence is character-specific depending on the situa-
tion. When the situation requires on-the-fly efficiency in task solving (mathemati-
cal fluency), cognitive features (spatial memory, number sense) take on special
significance. But if the situation presupposes full-scale and conscious processes for
organizing one’s cognitive activity, then the subject’s conscious SR starts playing to
advantage.

One more fact is worth a special discussion. In the mediator model of ac-
ademic achievement conscious SR is presented by the modeling parameter. It
characterizes individual development of a student’s conception of the internal
and external conditions significant for the achievement of learning goals and the
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range of their comprehension, adequacy, and detailed elaboration. High ranges
of modeling development promote swift inclusion into the learning situation,
rapid adaptation to changes, accommodation of a challenging situation, and so
forth.

We obtained important new data concerning the cognitive predictors of math-
ematical achievement. In our Study 1 spatial memory turned out to be the only sig-
nificant cognitive predictor of the Year Math Exam Grade. The study also revealed
a significant role of number sense as predictor of mathematical success both in
solving mathematical tasks and providing State Exam Grade for Mathematics. This
fact corresponds to foreign data (Siegler & Opfer, 2003) but is not always fixed on
the Russian-speaking samples (Tikhomirova & Kovas, 2013).

In our Study 2 we assessed the contribution of intelligence and SR to academic
achievement with regard to different subjects’ specific characters. The results re-
vealed intelligence and SR to be significant predictors of the gifted students’ Year
Grades — whether in the humanities, mathematics, or natural sciences.

Our results complement those studies that have shown the significant contribu-
tion of intelligence to high academic results. For example, the results of a Moscow
longitudinal study showed that outcomes for gifted students were related to their
level of intelligence, and the intensity of this relationship depended on the subject:
it was higher in mathematics and lower in literature and Russian and foreign lan-
guages (Shcheblanova, 1999, 2013; Shumakova, 2006). Our results showed a differ-
ent tendency: the dependence of achievement on intelligence was higher in Russian
language and history, but in algebra and geometry it was lower.

The Study 2 contribution was new and interesting data on the relationships
between some SR processes and learning-activity outcomes: the higher the process
of result evaluation, the higher Year Grades in all academic subjects of the study. As
for other processes (planning, modeling, programming), they found correlations
only with the subjects in which a lack of corresponding regulatory skill provides no
success — for example, programming for Russian language, planning for literature,
modeling for history.

As in Study 1, results obtained in Study 2 complement the studies investigating
noncognitive and nonintellectual predictors of academic success. Thus, a number
of studies found that regulation factors made a contribution that was more sig-
nificant to higher academic outcomes than intelligence (Baumeister, Vohs, & Tice,
2007; Duckworth & Seligman, 2005; Duckworth, Peterson, Matthews, & Kelly,
2007; Duckworth, Quinn, & Tsukayama, 2012; Ishkov, 2004; Tangney, Baumeister,
& Boone, 2004).

The nature of the relationship between intelligence and SR remains a debatable
issue. Nisbett pointed out at least three possible reasons, explaining the relation-
ships between them: (1) the ability to consciously regulate one’s own activity is
probably a manifestation of intelligence; (2) both intelligence and SR may depend
on a third factor; (3) conscious SR may turn out to be one of the factors fostering
the development of intelligence (Nisbett et al., 2012). Scientists recognize the im-
portance of developing SR skills and other noncognitive traits for high-level intel-
lectual functioning (Blair, 2002; Calero, Garcia-Martin, Jimenez, Kazen, & Araque,
2007; Diamond, Barnett, Thomas, & Munro, 2007; Heckman, 2006).
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According to Konopkin (2011), intelligence, as one of the resources of SR, is of
particular importance for its support. This conclusion makes a theoretical contri-
bution to solving the problem of identifying the intellectual and regulatory predic-
tors of academic success.

The regression models of academic success in the humanities identified the
verbal intelligence associated with vocabulary as highly significant and definitive
for success in these subjects.

Special attention should be paid to predictors of success in algebra and geom-
etry, which mostly are based on the quantitative-relations test (Q2) and spatial in-
telligence. These facts also complemented the results in Study 1.

The obtained results allow us to state that sustained academic achievement even
for intellectually gifted students is impossible without conscious SR of the learning
activity. At the same time, teachers can facilitate awareness and development of the
SR processes that contribute to academic success.

Limitations and future research

Despite its contributions, our research has some unavoidable limitations. Our study
results do not give a clear answer to the question Is there a relationship between
students’ cognitive and regulatory characteristics? On the one hand, correlation
analysis showed no linear relationship between them. On the other hand, a signifi-
cant argument in favor of the existence of this relationship is the regression analysis
data.

Intelligence makes a contribution that is more significant to academic suc-
cess than that of SR. However, when it is included into a regression equation
along with cognitive and regulation variances, this advantage becomes contro-
versial.

For interpreting obtained data, note that the SRPLAQ questionnaire we used
aims to identify SR stylistic features; therefore, it has significant limitations for
analysis of the genesis of conscious SR in specific experimental situations.

The theoretical contribution of this study is based on the obtained evidence
that conscious SR is a necessary competence for the realization of learning activity
in general as well as for the manifestation and implementation of the mediator and
facilitator of cognitive faculties. We assume that conscious SR, together with mo-
tivation, is an individual meta-competence that mobilizes cognitive and personal
resources for the achievement learning goals. Verification of this assumption will
be the basis for our future research.

Conclusions

First, conscious SR, along with intelligence and cognitive features, is a significant
predictor of academic success that is consistently revealed in different samples
while using different methods.

Second, the present study is the first to show the mediating role of SR in the
relationship among intelligence, cognitive features, and academic success that is
justified by the mediator analysis.
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Third, the relationship between cognitive and regulatory features is not direct
but is distinctly revealed in their joint determination of different kinds of math-
ematical success. Conscious SR has a multitude of significant relationships with
academic achievement, whereas cognitive features relate in a greater degree to suc-
cess in solving mathematical problems for testing mathematical abilities.

Fourth, conscious SR and intelligence predict academic success regardless of
whether the academic subject is the humanities, mathematics, or natural science.
At the same time, this determination has its peculiarities in particular variables of
intelligence and certain SR processes depending on the substantive characteristics
of the academic subjects.
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