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Abstract. The present article describes the results of the development of integral indices to assess the performance of 
computer-based neuropsychological tests in children 6 – 9 years old. When compiling the indices, we implemented the 
concept of a complex assessment of functions, characteristic of the Lurian neuropsychological approach. This idea suggests 
that a function (or a group of related functions) is evaluated by several tasks which require its participation. In this article, 
we use the results of eight tests included in our computer test battery (Akhutina, Kremlev, Korneev, Matveeva, & Gusev, 
2017) and aimed at assessing the executive functions and the functions of auditory and visual-spatial information processing. 
The development of indices is based on the analysis of data from preschool children (n = 103) and first-graders (n = 96). For 
comparison, besides performing the computer tests all study participants underwent a full traditional neuropsychological 
examination (Akhutina et al., 2016). Integral indices compiled from traditional neuropsychological examinations and from 
the computer battery demonstrated high correlation. Age differences in the estimates of the status of functions were also 
obtained, revealing the sensitivity of the developed parameters. Additionally, our discussion addresses the fact that the 
developed computer indices correlate not only with their counterpart indices of neuropsychological examinations, but with 
indices of other measured functions as well. We conclude that the obtained results demonstrate potential for the practical use 
of indices of executive functions and functions of auditory and visual-spatial information processing compiled on the basis of 
computer tests. In the future, the present version of the indices can be modified to increase the sensitivity and specificity of 
the final estimates, but even at the current stage of development it can be used for a general assessment of cognitive functions 
in preschool and primary school children.
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Introduction
The use of computerized testing methods is quite com-
mon in modern neuropsychological diagnostics. Examples 
include the Cambridge Neuropsychological Test Automated 
Battery (CANTAB, https://www.cambridgecognition.
com/cantab, see Luciana & Nelson, 2002; Smith, Need, 
Cirulli, Chiba-Falek, & Attix, 2013), Automated Neuro-
psychological Assessment Metrics (ANAM, http://www.
vistalifesciences.com/anam-intro, see Kabat, Kane, Jef-
ferson, & DiPino, 2001), Gibson’s Test of Cognitive Skills 
(https://www.gibsontest.com/web/, see Moore & Miller, 
2018), and others (see the review by Parsons, 2016). At the 
same time, the diagnostics in contemporary Russian neu-
ropsychology represent a conceptual framework stem-
ming from Vygotsky’s and Luria’s ideas of systemic and 
dynamic organization and the localization of higher men-
tal functions (Luria, 1962/1980). This neuropsychologi-
cal approach has had a wide influence on the development 
of testing around the world, but it is still not implemented 
in batteries of computer tests. The relevant task is to com-
bine the advantages of both quantitative psychometric and 
qualitative neuropsychological approaches. In our work, we 
attempt to create such a combination. Notably, the practi-
cal need for the computer method continues to grow. An 
increase in the number of children with learning disabili-
ties and the importance of early identification of such chil-
dren require the expansion of neuropsychological care. In 
a traditional neuropsychological examination, the role of 
expert judgment is important. Unfortunately, there are not 
enough qualified neuropsychologists to meet the demand. 
In this regard, the role of computer methods is increasing, 
given their advantage in the accuracy of recording results, 
and the ability to quickly conduct an assessment in a stan-
dard format.

In modern computer test systems, the indices charac-
terizing cognitive functions or their separate components 
are calculated. As a rule, one test measures one function. 
This approach to the evaluation of a function on the basis 
of a separate test has both merits and disadvantages. The 
advantages are primarily associated with the simplicity 
and unambiguity of the processing and interpretation of 
results. However, it is rather difficult to single out tasks 
that are uniquely related to only one cognitive function and 
that do not involve others. Any complex activity requires 
the participation of various cognitive components, and 
this narrow specialization of tests can be questionable (for 
discussion of the so-called task-impurity problem, see: 
Miyake, Friedman, Emerson, Witzki, Howerter, & Wager, 
2000; Miyake & Friedman, 2012). One may identify the 
main function that is evaluated by a certain cognitive test 
since it is central to this test performance. But to some 

extent, any task inevitably involves some other functions, 
and the quality of the test performance may depend on 
their integrity.

For a more complete and detailed assessment of the 
function, one can employ not one but several tests. That 
would provide data on its state in the context of different 
types of activities. There are many tests to evaluate executive 
functions (EF) or spatial functions in Luria’s test battery. 
The commonality that unites tests aimed at evaluating one 
function, Luria called a “factor”. The factor corresponds to 
a certain specificity of normal functioning or dysfunction 
and to a certain brain localization (Luria, 1973). Analysis 
of the specifics of the dysfunction allowed Luria to make 
a topical diagnosis. He called such an analysis qualitative, 
syndromic, or factorial (Luria, 1973).

Currently, a similar approach to evaluating functions, 
based on the results of not one but several tests, is being 
developed by the neuropsychologist Akira Miyake and his 
colleagues. One of their recommendations is: “Use multiple 
measures for each executive function and aggregate the 
results when possible” (Miyake, Emerson, & Friedman, 
2000, p.  180). In their most cited article, they found the 
typical pattern of low zero-order correlations across the 
nine EF tasks they used (rs = − .05 to .34). They also found 
that if the tasks were grouped according to the three EFs 
they were targeting1, such latent variables (corresponding 
to different EFs) correlated much higher (rs = .42 to .63) 
than individual tasks. These data led to the conclusion 
that executive functions are characterized by “unity and 
diversity” (Miyake et al., 2000; see also Friedman & Miyake, 
2017). We believe that such “unities” refer to what Luria 
called factors.

In Russian neuropsychology, this approach is 
developed not only to evaluate executive functions, but 
also for a  comprehensive assessment of all higher mental 
functions. Both traditional and computer-based testing 
methods for children are built on this principle (Akhutina 
et  al., 2016; Akhutina, Kremlev, Korneev, Matveeva, 
1 Miyake distinguishes three subtypes of executive functions (EF): re-
sponse inhibition, shifting, and working memory updating. The view that 
“executive functions” is an umbrella term is now very popular in cognitive 
science. There are many classifications of core EF components. Howev-
er the three chosen by Miyake are identified most often. Luria recognized 
the roles of inhibition, working memory, and shifting while elaborating 
his tests for evaluating cognitive control of behavior and voluntary actions. 
His “Go – NoGo” task is a classical task for evaluating inhibition, the sec-
ond program in this task allows assessment of shifting, and his counting 
test (100 − 7 − 7...) is a test for working memory (Luria, 1962/1980). Both 
of these tasks are included in our traditional paper and pencil neuropsy-
chological battery. Likewise, our computerized tests evaluate all three main 
subtypes of EF: Inhibition (all four tests), Shifting (the second and third 
parts of the Dots test, the Schulte Table test, and the Cancellation tests), 
Inhibition + Shifting + Working memory (the third part of Dots test, the 
fourth version of the Schulte Table test, the second and third parts of the 
Cancellation tests, and the one-back Hands – Legs – Head test).
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&  Gusev, 2017). In particular, within the battery of 
traditional methods, a  system for the calculation of 10 
integral indices is developed for children aged 6 – 9 years 
old, reflecting the status of various cognitive functions 
(Korneev & Akhutina, 2016).

According to this approach, the neuropsychologist 
administers several tests to assess one function and, on the 
basis of specific features of the child’s performance, draws 
a conclusion about the status of a given factor. This action 
was formalized in the procedure for summing unidirec-
tional sample parameters (Korneev & Akhutina, 2016). The 
resulting generalized indices are used to build an individual 
child’s profile. The choice of parameters for calculating the 
indices was determined firstly by theoretical considerations2 
and the experience of syndromic analysis, and secondly 
by statistical analysis evaluating the correspondence of 
general considerations and empirical data. For example, we 
used confirmatory factor analysis to explore the possible 
composition of neuropsychological indices of functions 
of the Lurian third brain unit for our traditional battery 
(Korneev, Akhutina, & Voronova, 2016). This allowed us to 
check the correspondence of models of relationships of the 
observed variables and latent factors with the available data 
(Brown, 2015). We modeled the structure of the relationship 
of parameters included in two indices of the third unit, an 
index of programming and control and an index of serial 
organization of action (according to Luria, the third unit 
has such subdivisions; Luria, 1973). For this analysis we 
used data from 304 first graders. The model consistently 
improved when it included not only parameters of produc-
tivity, but also regulatory errors made in tests on both the 
third and the second units, as well as when adding to the 
model not only factors representing the neuropsychological 
latent variables, but factors of the tests as well (thus, we used 
bi-factor models; Korneev, Akhutina, & Voronova, 2016). 
The same logic can be used in the calculation of integral 
indices of computer-based test performance.

In this work we make an attempt to develop the first 
version of integral indices for computer-based assessment 
of three groups of functions: executive functions and 
the visual-spatial and auditory functions of information 
processing. We tried to develop and test the sensitivity of 
these integral indices in preschool and primary school aged 
children. The implementation of a quantitative assessment 
of the state of cognitive functions, in consideration of 
the idea of evaluating functions based on the results of 
2 This means, for example, the presence of primary defects and secondary 
(systemic) defects in syndromes, or Luria’s concept of three principal func-
tional units of the brain. The first unit has subcortical-stem localization 
and carries an energy function. The second unit occupies the posterior 
cortex and performs selection operations in the reception, processing, and 
storage of information. The third unit includes the frontal lobe, responsi-
ble for programming operations, regulation and control of voluntary ac-
tions and the serial organization of movements and actions.

not one but several tests, is associated with a number of 
difficulties. This article aims at identifying them and trying 
to overcome them.

Method
Sample
We used data of the performance of computer tests by 
preschool and primary school aged children in order to 
develop integral indices. The study involved 199 children 
from Moscow schools and kindergartens: 103 preschoolers 
(average age: 6.55±0.5 years; 57 boys, 46 girls) and 96 first-
graders (average age: 7.52±0.72 years; 36 boys, 60 girls). 
Each child’s parents gave consent to participate in the study.

Computer Tests for Assessing 
the State of Cognitive Functions
The primary goal of the first four tests is an assessment of 
executive functions.

1. The Dots test (Davidson, Amso, Anderson, 
& Diamond, 2006; presently also often called “Hearts and 
Flowers”). The test consists of three blocks. In the first block 
(congruent), a stimulus (a heart) appears on the screen 
in quasi-random order, either on the left or on the right 
side of a fixation cross (see Figure  1A). The participant 
is instructed to press, as soon as possible, the key on the 
same side as where the stimulus appeared. In the second 
block (incongruent), when the stimulus (a flower) appears 
on the screen, the participant has to quickly press the key 
on the opposite side of where the stimulus appeared (see 
Figure 1B). Incongruent trials require remembering a rule 
(“press on the side opposite of the flower”), plus it requires 
inhibition of the tendency to respond on the side where 
the stimulus appeared. In the third block (mixed), two 
types of stimuli appear in mixed order (hearts or flowers, 
see Figure 1C). Since incongruent and congruent trials are 
intermixed in this block, it is possible to test the following 
operations of executive functions: inhibitory control, 
working memory, and cognitive flexibility/shifting. The 
output parameters in this task are mean reaction time and 
the number of correct responses in the first, second, and 
third subtests.

2. The Schulte Table test in Gorbov’s modification 
(Gorbov, 1971; computer version for children: Korneev, 
Akhutina, Gusev, Kremlev, & Matveeva, 2018). The test 
includes five trials. In each trial a table is presented on the 
touch screen, consisting of 20 cells (5 × 4), in which two sets 
of numbers from 1 to 10 are arranged in a quasi-random 
order, featuring one set of black numbers and a second set 
of red numbers (see Figure 2).

In the first trial, the participant is asked to find and 
point out the black numbers in ascending order (from 

Figure 1. Illustration of the Dots test procedure. А: First subtest (congruent). B: Fecond subtest (incongruent). C: Third subtest (mixed).

http://www.cogjournal.org/
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1 to 10); in the second, red numbers in ascending order; 
in the third, black numbers in descending order (from 10 
to 1); in the fourth, to track two parallel sequences, with 
red and black numbers in ascending order: 1 black, 1 red, 
2 black, 2 red, etc. Finally, in the fifth trial, the participant 
is instructed to show the red numbers in descending order. 
The test should be performed as fast as possible, but the 
time is not limited. The output parameters are the speed 
and accuracy of the reactions in the five trials, individually 
and in total. Also, the errors are registered in each trial: 
the quantity of color substitutions (e.g., indicating a red 
number instead of a black number), the quantity of double 
clicks on the already indicated number, and the quantity of 
missed numbers.

3. The one-back Hands – Legs – Head test for children 
(Korneev et al., 2018). A figure of a clown appears on the 
screen. The task is to listen for a command («hands», «legs» 
or «head», given in a quasi-random order) and to show on 
the touch screen the part of body which was named on the 
previous step. If the child answers correctly, that part of the 
clown’s body moves. There are 21 stimuli in the test. The 
output parameters are mean reaction time and the percent 
of correct answers.

4. The Cancellation test for preschoolers and primary 
schoolchildren (Korneev et  al., 2018). The test consists of 
three subtests. In each subtest, a table of geometric shapes 
or figures (triangles, rectangles, squares, circles, semicircles, 
flags, and stars) appears on the screen. The size of the tables is 
16 × 12 elements (see Figure 3). In the first table, a participant 
has to find and mark all squares, as quickly as possible; in the 
second table, stars; in the third table, both squares and stars. 
The output parameters are the percent of correct responses, 
the number of misses and false alarms (marked irrelevant 

items), the number of marked items that were relevant for 
the preceding table (switching errors), and speed.

The primary goal of the next three tests is the 
evaluation of visual-spatial information processing.

5. The Corsi Tapping Block test (Corsi, 1972; computer 
version for children  — Korneev et  al., 2018). In this test, 
nine blocks appear on the screen. The cubes flash sequen-
tially, one after another (see Figure  4). The participant is 
instructed to remember and to reproduce the sequence of 
the blocks. The first trial includes a sequence of two blocks. 
If the response is correct, a longer sequence of blocks 
is presented on the next trial (one more cube is added). 
A sequence following an incorrect response remains of 
the same length. Upon five sequential errors the task 
terminates. The following output variables are registered: 
maximum length of the correctly reproduced sequences, 
mean reaction time of the first response, and mean time of 
the subsequent responses within the trial.

6. The Colored Raven’s Progressive Matrices (RPM) 
test (Raven, 1976; Rozanova, 1978). This version of the test 
includes 3 blocks of trials, with 12 trials in each. In each trial, 
a geometrical pattern with a missing piece is shown. At the 
same time, the participant is given 6 choice options for filling 
in the missing piece. All choices made by the participant 
are recorded, along with response times. These data are 
then used to calculate the major RPM scores: the number 
of correct responses and the per minute response rate.

7. The Understanding of Logical-Grammatical 
Constructions test (Statnikov & Akhutina, 2013). This 
version of the test consists of two parts. The first part assesses 
the understanding of reversible grammatical constructions 
in active and passive voice and with direct or reverse word 
order. Twelve trials are included in this part. In every task, 

Figure 2. A two-colored Schulte-Gorbov table.

Figure 3. A part of a table in the Cancellation test for preschoolers.
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a pair of pictures on the screen and a sentence in headphones 
are presented to the participant (see Figure 5). He/she has to 
choose the picture which matches the sentence. Four types 
of Russian grammatical constructions are used in the test: 
active with direct word order (Anya spasla Petyu [Ann saved 
Pete]); active with reverse word order (Petyu spasla Anya 
[Pete (accus. case) Ann saved, or <the one who> saved Pete 
<was> Ann]); passive with direct word order (Petya spasen 
Aney [Pete was saved by Ann]); passive with reverse word 
order (Aney spasen Petya [By Ann Pete was saved]). The 
second part aims to assess the understanding of preposi-
tional spatial constructions. In this part, six sentences with 
different spatial relations of two objects (barrel and box, 
e.g., “A barrel is on a box” or “A box is in a barrel”) are 
presented one after another. The participant has to choose 
one of six pictures that matches the sentence. The output 
parameters are number of correct answers and response 
time (separately for each type of grammatical construction 
and in sum for the first and second parts of the test).

The goal of the last test is the assessment of functions of 
auditory information processing.

8. The Understanding of Similar Sounding Words 
test (Korneev et al., 2018). In the beginning of the task, 
ten pictures are presented on the screen. The names 
of depicted objects are similar in sound or word pro-
nunciation. They are tochka – dochka – bochka – pochka 
(dot, daughter, barrel, bud), trava – drova (grass, fire-
wood), kossa – koza (braid, goat), miska – mishka (bowl, 
teddy bear); see Figure  5. Sequences of words are pre-
sented (there are eight sequences from two to five words 
in length), and the child is instructed to indicate the pic-
tures in the same order as in the sequence of words. The 
output parameters are quantity of the correctly repro-
duced words, maximum length of a correctly reproduced 
sequence, reaction time of the responses, and the percent-
age of correct answers. In addition, errors that are usu-
ally identified during a  neuropsychological assessment 
are recorded. These include (1) similar substitution: sub-
stitution with a similar sounding word; (2) doubling: in 
response to one stimulus, a  correct answer  +  a  similar 
substitution; (3)  far substitution: the substitution of the 
indicated word with a dissimilar one; (4) adding an irrele-

2 BLOCKS Figure 4. The screen in the Corsi 
block-tapping test.

Figure 5. An example of stimuli in the Understanding of Logical-Grammatical Constructions test.

http://www.cogjournal.org/
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vant word; (5) missing the indicated word; and (6) errors 
in word order.

For a detailed description of the tests, see papers by 
Akhutina et  al. (2017) and Korneev et  al. (2018)3. The 
performance of the tests was assessed by many parameters 
(from 5 to 20 for different tests) including temporal 
parameters of the task performance, efficiency, and errors 
of different types.

Integral indices were composed out of that large 
set of parameters during our further analysis. In this 
article, we considered the structure of indices aimed at 
assessing three groups of cognitive functions: executive 

3 See also http://psychosoft.ru/download/doc/akhutina2017.pdf

functions (related to the third unit of the brain according 
to Luria), and the functions of auditory and visual-spatial 
information processing (second unit according to Luria, 
1962/1980).

Besides the computer tests, all children underwent 
a  complete neuropsychological examination. The list of 
the tests of our neuropsychological assessment is given in 
Table  1 (only tests aimed at the identified functions are 
presented in this table). The indices of all assessed functions 
were calculated (for more information on the battery, see 
Akhutina et  al., 2016; for details on the calculations, see 
Korneev & Akhutina, 2016).

Figure 6. Stimuli for the Understanding of Similar Sounding Words test.

Table 1. Test Battery for the Neuropsychological Assessment of Children Six to Nine Years Old (Partial)

Test Description

Executive Functions

Go – NoGo Task, Reciprocal 
Motor Program Test

The test consists of two series: 1. One knock should be answered with two, two knocks with one; 
2. One knock should be answered with two, two knocks with none.

Verbal Fluency Tests
The test consists of three series. A participant has to generate as many words as possible in one minute: 
1. generate any words; 2. name actions; 3. name plants.

Odd One Out Five series of five words each are presented auditorily. A child has to find the odd one and explain the choice.

Counting
A participant has to count: 1. from 1 to 10; 2. from 10 to 1; 3. from 3 to 7; 4. from 8 to 4; 5. to count back-
wards from 20, subtracting 3.

Auditory Information Processing

Verbal Memory Test
A participant has to remember two groups of three words each. Three attempts are given, and delayed recall 
is also evaluated.

Naming A child has to identify and name 22 pictures (Poppelreiter’s Figures test).

Visual-Spatial Information Processing

Visual-Spatial Memory
Four difficult-to-verbalize figures are presented for 8 seconds. A participant has to remember and to draw 
them. Three attempts are given, and delayed recall is also evaluated.

Three-Dimensional Drawings The child has to copy a three-dimensional house drawing.

http://www.cogjournal.org/
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Data Analysis
The calculation of the integral indices proceeded as follows. 
Based on the experience of the syndromic analysis and cor-
relations between the initial estimates of the computer tests 
and indices obtained in the neuropsychological examina-
tions, the most informative parameters were selected (see 
above about the procedure of selection). All included param-
eters were standardized to transform them into z-scores. 
The parameters related to one integral index were summed 
up with different signs depending on their type: numbers 
of errors and reaction times with a plus (direct) sign, and 
productivity measures with a minus (opposite) sign. So, the 
scale of integral indices is the penalty points: the worse state 
of a function corresponded with a higher score. At the same 
time, taking into account possible omissions in the data 
(some children were not able to perform one or another 
test), the score was averaged relative to the number of avail-
able parameters separately for each tested participant.

The correlations of the indices from computer tests 
and traditional neuropsychological assessment were 
analyzed to assess the validity of the obtained indices. 
Their structure was adjusted in order to maximize 
the “target” correlations of the matching computer 
and traditional assessment indices and to minimize 
non-matching “side” correlations. An example of what we 
called a side correlation is the correlation of the indices 
of auditory and visual-spatial information processing 
with the index of executive functions. That connection 
was explained by the neuropsychological data on the 
involvement of executive functions in the performance of 
complex tests for auditory and visual-spatial functions. 
The composition of the performance parameters of the 
computer tests at the preliminary stage was adjusted 
in a special way to reduce such side correlations, while 
maintaining the target ones.

Results
As a result of the selection of parameters, their composition 
in the indices was as follows.
1. An index of executive functions:

a. The Dots test: The number of correct responses 
in the most complex, third subtest.

b. The Schulte tables: The total number of errors 
in all the tables; the average response time and 
the number of errors in the most complex table 
(tracking two number sequences in parallel).

с. The Hands – Legs – Head test: The percentage 
of correct answers.

d. The Cancellation test: The overall accuracy of 
the test performance; the number of false alarms 
(selections of non-target item) in the table with 
two target categories; the number of marked 
items that were relevant for the preceding table 
(switching errors).

e. The Understanding of Similar Sounding Words 
test: The number of irrelevant word additions.

2. An index of the functions of visual-spatial informa-
tion processing:
a. The Corsi Tapping Block test: The maximum 

length of a correctly reproduced sequence and 

the average response time when reproducing 
the sequence.

b. The Raven’s Progressive Matrices test: The per-
centage of correct responses.

c. The Understanding of Logical-Grammatical 
Constructions test: The percentage of correct 
answers in the understanding of prepositional 
constructions, the average response time in the 
understanding of constructions with active voice 
and reverse word order, the number of mis-
takes in the understanding of passive construc-
tions with reverse word order, the preposition 
change in the understanding of prepositional 
constructions.

3. An index of the functions of auditory information 
processing:
a. The Understanding of Logical-Grammati-

cal Constructions test: The percentage of cor-
rect answers in the understanding of passive 
constructions with direct word order, and the 
response time in the understanding of construc-
tions with active voice and direct word order.

b. The Understanding of Similar Sounding Words 
test: The percentage of correct answers, the max-
imum length of the sequence reproduced.

Table 2. The Correlations Between the Indices 
of Traditional Testing (in Rows) and Integral 
Indices of the Performance of the Computer 
Tests (in Columns)

Computer Indices

Neuro psycho- 
logical Indices

Executive 
Functions

Visual-
Spatial 
Information 
Processing

Auditory 
Information 
Processing

Executive Functions .504 .531 .434

Visual-Spatial 
Information Processing

.443 .560 .328

Auditory Information 
Processing

.234 .331 .429

Note. All correlations are significant at p < .001. Bold font 
is for the target correlations between the cor-
responding indices.

Table 3. The Average Indices of the Computer Tests 
in Two Age Groups (Standard Deviation 
in Brackets)

Group
Executive 
Functions

Auditory 
Information 
Processing

Visual-Spatial 
Information 
Processing

Preschoolers 0.17 (.52) 0.21 (.72) 0.35 (.56)

First-Graders – 0.18 (.45) – 0.22 (.53) – 0.28 (.40)

Student’s 
T-Test

t (195) = 4.981, 
p < .001

t (195) = 4.772, 
p < .001

t (195) = 9.105, 
p < .001

http://www.cogjournal.org/
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The tables of correlations between parameters are 
presented in Appendix 1. 

Pearson correlations between the neuropsychological 
indices obtained in the neuropsychological examinations 
and integral performance indices of the computer tests are 
shown in Table 2.

Table 2 shows that all the correlations are highly 
significant. Two target correlations are higher than the side 
ones, but target correlation of the auditory information 
processing index is slightly lower than (almost equal to) 
the side correlation with the EF index. The full matrix of 
correlations of indices is presented in Appendix 2. The 
comparison of the two age groups was carried out to test the 
sensitivity of the indices in terms of age-related differences 
in the state of the functions. The average indices obtained 
in the groups of the preschoolers and first-graders are 
presented in Table 3, and the distribution of values is shown 
in Figure 7.

Figure 7 shows that the results from preschoolers 
and first-graders include outliers (the data of children 
with a  poor state of the functions) and that, in general, 
the distribution is asymmetrical to the right (that is, to the 
higher side).

Discussion
In our work, we tried to compile integral indices of the state 
of functions based on data from computer-based tests. In 
compiling them, we used the logic of processing data from 
a neuropsychological examination in Lurian tradition. We 
also followed experimental research logic. The parameters 
of different tests were selected: according to theoretical 
assumptions and a preliminary correlation analysis, these 
parameters were associated with the target function for each 
index. The integral estimates of the three functions were 
based on different tests. High and significant correlations 
were revealed for the indices of the same function obtained 

by the traditional neuropsychological examinations and 
computer testing (so called target correlations). This indi-
cates a sufficient consistency of the two groups of integral 
indices and the external validity of our computerized tests.

However, some additional side correlations between 
integral indices have been revealed as well (the same is 
true for traditional indices). Thus, the index of executive 
functions obtained in the traditional neuropsychological 
examination significantly correlates with all integral indices 
of the computer tests (see Appendix 2). The correlation 
between different indices (factors) is not surprising. This 
may be due to the fact that this group of functions is 
necessary to perform any type of complex task, and almost 
all significant performance indices of the computer tests turn 
out to be associated with executive functions. The tasks for 
memorization and delayed recall of information of different 
types (the visual-spatial information in the Corsi Tapping 
Block test, and auditory information in the Understanding 
of Similar Sounding Words test) engage working memory 
(controlled attention) which is an integral part of executive 
functioning. Miyake, Friedman, Rettinger, Shah, and 
Hegarty (2001) also found a high correlation of the Corsi 
Tapping Block test index and executive functioning index 
(r = .56 or .71, depending on latent variable models). The 
high role of executive functions in performing the Raven’s 
Progressive Matrices test is also very well known (compare 
our correlations with the executive functions index 
r = – .202, with the visual-spatial information processing 
index r = – .355, and auditory functions index r = – .037). 
The data of an fMRI study previously demonstrated that 
performing the Raven Progressive Matrices test activated 
areas of the prefrontal and parietal cortex (Prabhakaran, 
Smith, Desmond, Glover, & Gabrieli, 1997).

The contribution of executive functions to the 
functions of information processing is reflected not only 
in the high correlations with their indices but also in the 
correlations between other functions due to the general 
contribution of executive functions. The state of activation 
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Figure 7. Distribution of indices of the performance of computer tests in two age groups. A: Executive functions. B: Auditory information 
processing. C: Visual-spatial information processing.
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can also make such a general contribution to energy-
intensive tasks (Korneev, Matveeva, & Akhutina, 2019). The 
analysis of additional correlations and experimental data 
can clarify which of them are really caused by a common 
third component on the side, and which are due to a direct 
cooperation of the functions.

Besides this, such a high role of executive functions 
is probably characteristic of older preschoolers and first-
graders. It is at this age when the intensive maturation of 
these function occurs, and their role in other cognitive 
functions increases. This assumption requires a more 
detailed analysis of the interrelations of the indices in 
separate age groups, including older ages. We plan to 
address this in the future.

The comparison of the elaborated indices in the age 
groups shows significant differences in all three sets of the 
analyzed cognitive functions in the preschoolers and first-
graders. This corresponds to other studies which illustrate 
that there is a considerable development of executive 
functions (see, for example, the review by Best & Miller, 
2010; Semenova, Koshelkov, & Machinskaya, 2007) and the 
functions of information processing in different modalities 
(Akshoomoff & Stiles, 1995; Wagner, Torgesen, & Rashotte, 
1994) during the transition from preschool to school 
ages (6 – 7 years old). One may conclude that the indices 
developed by us are sensitive to age-related changes in the 
state of the assessed functions.

In summary, it is noteworthy that our proposed 
methodology for calculating integral indices makes them 
more representative and sensitive than separate parameters 
of the tests’ performance. It takes into account the system 
structure of cognitive functions and their systemic 
relations, as addressed in both Lurian neuropsychology 
and the analysis of latent variables proposed by Miyake 
et al. (2000).

Limitations and Further Directions
Generally speaking, the obtained results may be regarded 
as a preliminary variant of the structure of parameters 
for integral indices of computer-based testing. The analy-
sis revealed rather high correlations between indices (see 
Table 2). So, the current version of the integral indices has 
insufficient specificity. We are going to continue this work 
and try to improve the specificity of the integral indices.

In our work, we used the simplest way of calculation 
the integral indices — unweighted sums of z-scores. One of 
the possible further directions is to evaluate the significance 
of each parameter in computer tests and to include weights 
in the formulas of integral indices. In the logic of the 
systemic neuropsychological approach, the weight of any 
parameter can be calculated depending on the performance 
rates in other tests. Another way to explore the structure 
of the parameters and relationships between them can be 
different types of structure equation modeling. This can be 
analysis of mediation, confirmatory factor analysis, analysis 
of latent classes, and others. But these methods require 
bigger samples. We are going to accumulate more data and 
try to use structure equation modeling and may be able to 
refine the composition of the integral indices.

Due to the relatively small size of the age groups, we do 
not provide any normative indices of the test performance 
but we are going to accomplish this task in the future.
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Appendix 1
Pearson correlations between parameters of performance of computer tests and neuropsychological indices.

Table 1A Correlations Between Components of Integral Indicator of Executive Functions
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Dots
Correct 
Answers in 
Mixed Block

– .241** – .162* – .285** .135 .189* – .031 – .058 – .024 – .251** – .069 – .175*

Schulte 
Tables

Errors in All 
the Tables

.787** .117 – .217* – .141 .198* .198* .485** .368** .114 .316**

Errors 
in Table 4

.000 – .121 .069 .032 .118 .421** .168* .091 .234**

Response 
Time 
in Table 4

– .185 – .123 – .019 .009 – .034 .216** .078 .232**

Hands – 
Legs – 
Head

Correct 
Answers

.116 – .183 – .086 – .165 – .233* – .328** – .205*

Cancellation 
Test

Overall 
Accuracy 

– .286** – .064 – .037 – .146 .034 – .161

False Alarms 
in Table 3

– .087 .206* .298** .027 .099

Switching 
Errors 

.120 .231** – .001 .149

Similar 
Sounding 
Words Test

Irrelevant 
Words

.165* .083 .118

Note. ** — Correlation is significant at the .01 level (2-tailed). 
  * — Correlation is significant at the .05 level (2-tailed).
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Table 2A Correlations Between Components of Integral Indicator of Visual-Spatial Information Processing
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Corsi Tapping 
Block 

Maximum Length 
of Reproduced 
Sequence

.040 .303** .317** – .030 – .103 – .267** – .20** – .075 – .172*

Average Response 
Time

– .026 .014 .093 .214** .154* .04 .030 .191*

Raven’s 
Progressive 
Matrices

Correct Responses .347** – .159 – .277** – .315** – .202* – .037 – .355**

The Under-
standing 
of Grammatical 
Constructions

Correct Responses 
in Prep. Constructions

– .192* – .265** – .746** – .259** – .159* – .304**

Errors in PR 
Constructions 

.025 .160* .121 .081 .204**

Response time 
in AR Constructions 

.211** – .019 .039 .151

Preposition Change 
in Prep. Constructions

.222** .127 .335**

Note. ** — Correlation is significant at the .01 level (2-tailed). 
  * — Correlation is significant at the .05 level (2-tailed).

Abbreviations: AD constructions — active with direct order, 
AR — active with reverse order, 
PD — passive with direct order, 
PR — passive with reverse order constructions.

Table 3A Correlations Between Components of Integral Index of Auditory Information Processing

The Understanding 
of Grammatical Constructions

The Understanding 
of Similar Sounding 

Words 
Neuropsychological Assessment

The Response 
Time in the 

Understanding of 
AD Constructions 

% of Correct 
Answers in the 

Understanding of 
PD Constructions 

The Maximum 
Length of the 

Sequence 
Reproduced

Exec-
utive 
Func-
tions

Auditory 
Information 
Processing

Visual-
Spatial 

Information 
Processing

The 
Understanding 
of 
Grammatical 
Constructions

The Response 
Time in the 
Understanding 
of AD 
Constructions

.130 – .119 – .164* .174* .146 .186*

% of Correct 
Answers in the 
Understanding 
of PD Construct.

– .156* – .279** .146 .293** .146

The 
Understanding 
of Words 

% of Correct 
Responses

.433** – .169* – .205** – .141

Maximum 
Length of the 
Sequence 
Reproduced

– .289** – .278** – .130

Note. ** — Correlation is significant at the .01 level (2-tailed).
  * — Correlation is significant at the .05 level (2-tailed).

Abbreviations: AD constructions — active with direct order, 
AR — active with reverse order, 
PD — passive with direct order, 
PR — passive with reverse order constructions.
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Appendix 2

The Full Matrix of Correlations Between the Indices for the Traditional Assessment and for the Computer Tests

VS Processing 
(Trad. Assessment)

Aud. Processing 
(Trad. Assessment)

EF (Comp. 
Tests)

VS Processing 
(Comp. Tests)

Aud. Processing 
(Comp. Tests)

EF (Traditional Assessment) .418 .488 .505 .531 .434

VS Processing (Traditional 
Assessment)

.279 .443 .560 .328

Aud. Processing (Traditional 
Assessment)

.234 .331 .429

EF (Computer Tests) .449 .327

VS Processing (Computer 
Tests)

.448

Note. All correlations are significant at p < .001. Target correlations between the corresponding indices of the same function 
obtained from traditional and computer assessment are shown in bold font.

Abbreviations: EF — executive functions, VS — visual-spatial information, aud. — auditory information.
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Аннотация. В статье описаны результаты разработки интегральных индексов оценки выполнения батареи нейро-
психологических тестов для детей 6 – 9 лет. При составлении индексов реализовывалась идея комплексной оценки раз-
личных групп функций, характерная для российского нейропсихологического подхода. В нашей работе мы исполь-
зовали результаты выполнения восьми тестов, входящих в разработанную нами батарею и направленных на оценку 
управляющих функций, а также функций переработки слуховой и зрительно-пространственной информации. Раз-
работка индексов проводилась на основе анализа результатов выполнения тестов детьми предшкольного возраста 
(103 человека) и первоклассниками (96 человек). Также все участники исследования проходили нейропсихологиче-
ское обследование. Анализ соотношения интегральных индексов управляющих функций и функций переработки 
слуховой и зрительно-пространственной информации, составленных по данным нейропсихологического обследо-
вания и компьютерной батареи, показал их высокую корреляцию. Также получены возрастные различия в оценках 
состояния функций, что говорит о чувствительности разработанных параметров. В статье показан и обсуждается 
факт, что разработанные индексы выполнения компьютерных тестов коррелируют не только с соответствующими 
показателями нейропсихологического обследования, но и с оценками других когнитивных функций. Получен-
ные результаты показывают возможность практического использования составленных на основе компьютерных 
проб индексов управляющих функций и функций переработки слуховой и зрительно-пространственной информа-
ции. В дальнейшем этот вариант индексов может быть модифицирован для повышения чувствительности и специ-
фичности итоговых оценок, но уже на данном этапе он может использоваться для общей характеристики состояния 
когнитивных функций у дошкольников и младших школьников.

Контактная информация: Татьяна Васильевна Ахутина, akhutina@mail.ru; Алексей Андреевич Корнеев, korneeff@
gmail.com, 125009, Москва, ул. Моховая, д. 11, корп. 9; Екатерина Юрьевна Матвеева, obukhova1@yandex.ru; Алексей 
Николаевич Гусев, angusev@mail.ru; Александр Евгеньевич Кремлев, akremlev@gmail.com.

Ключевые слова: дошкольники, младшие школьники, нейропсихологическая диагностика, компьютер-
ное тестирование
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