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In the study we test the possibility to use the last known classification of wrong 

responses on the Standard Progressive Matrices for a differentiated assessment of the 

development of intellectual abilities in elementary schoolchildren. The total of 160 

pupils enrolled in the 1st (N = 80, age 6; 7 - 8; 1, M = 7; 3) and the 3rd (N = 80, age 

8; 8 - 10; 2, M = 9; 3) classes from two schools in Moscow participated in the study. 

Our results showed that there are age-related differences in the typical type of wrong 

responses those two groups make while solving SPM (p <.01), as well as individual 

or ability-related differences within those age groups (p <.05). This study emphasizes 

the importance of considering the qualitative peculiarities of the children’s thinking 

processes at different age when analyzing wrong responses on SPM, and the value of 

applying this approach both in research and psychological practice. The advantages 

and disadvantages of the used classification of wrong responses are discussed. 

Finally, since this type of research is being conducted in Russia for the first time, our 

results are compared with the results obtained in foreign studies. 
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В исследовании проверяется возможность использования последней известной 

классификации ошибочных ответов по тесту «Стандартные прогрессивные 

матрицы» для дифференцированной оценки развития интеллектуальных 

способностей в младшем школьном возрасте. Сравниваются результаты 160 

учеников 1-го (N=80, возраст 6,7-8,1, М=7,3) и 3-го (N=80, возраст 8,8-10,2, 

М=9,3) классов двух московских школ. Результаты показывают, что 

характерный тип ошибок при выполнении СПМ у младших школьников 

проявляется как в возрастном (р<.01), так и индивидуальном плане (р<.05). В 

работе подчеркиваются значимость учета возрастных особенностей мышления 

детей при анализе ошибочных ответов на задания теста СПМ и ценность 

данного подхода для дальнейших исследований и практической работы 

психологов. Обсуждаются преимущества и недостатки существующей 

классификации ошибочных ответов. Полученные результаты сравниваются с 

зарубежными, так как исследование данного типа в России проводится 

впервые. 

Ключевые слова: Стандартные прогрессивные матрицы, анализ ошибок, 

интеллектуальное развитие, младшие школьники. 
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Introduction 

Progressive Matrices by J.C. Raven in all their variants (Standard, Standard plus, Coloured and 

Advanced) are still the most famous and widely used intelligence tests in both research and practice 

[16; 34], with the classic version SPM remaining the most popular one. They are used in education 

(diagnostics of intelligence and giftedness) [1; 4; 22], in clinical practice (diagnosis of mental 

backwardness) [12; 24], in professional selection [2], in different studies for leveling groups 

according to their intelligence [33], as well as a standard when developing and validating new 

intelligence tests. The results of the meta-analysis show that programs aimed at increasing the level 

of intelligence do not affect the development of ability measured by the Matrices [26]. Although 

there are studies in which the Matrices continue to be considered as a test of general intelligence [6; 

20], in most of contemporary studies they are mainly used for assessment of the key function of 

fluid intelligence – the abstract reasoning [5; 9; 11; 16; 26; 28; 29; 33; 34]. 

From the very beginning of the administration of the SPM test, due to its structure, it became 

possible to go beyond the traditional method of intelligence assessment and to obtain an additional 

information about the intellectual abilities of the subjects. Having to choose an answer among 

several options provides a basis for investigating the mistakes people make when solving this test. 

The main idea is that a variety of mistakes made while solving the tasks with a given choice of 

answers makes it possible to discover unique patterns of intellectual processes. Despite the fact that 

the SPM test items were not originally designed for this purpose [3], already in his first studies 

Raven discovered that not all alternative answers are chosen with the same frequency, but rather 

that people have preferred options [23]. Even those contemporary studies that were not directly 

interested in SPM, indicate that by analyzing the mistakes subject makes when solving an 

intelligence test, we can acquire some interesting data. For example, in one experiment [8] it was 

revealed that subjects with different levels of intellectual ability not only choose different wrong 

alternatives, but also in problem solving situations when there is no set of answers provided, they 

make different mistakes. This is another confirmation of the words of I.E. Sigel who said that, first, 

by ignoring incorrect answers, psychologists are losing a lot of information about cognitive 

processes that can indicate what exactly causes difficulties for a given person and, second, due to 

existing testing practices suffers not only the quality of the intelligence assessment of an individual, 

but also the understanding of intelligence in general - its boundaries, functioning and development 

[27]. Thus, the question about the possibilities of using the analysis of wrong responses on the SPM 

test for a differentiated assessment of the level of the child's intellectual development remains open. 

From 1939 to the present time, a fairly large number of studies on the analysis of the mistakes 

people made while solving SPM have been carried out, which led to the expansion of and addition 

to the classification made by Raven. These studies differ in their approaches to the problem of 

wrong responses analysis, as well as in their choice of the test variants the analysis was performed 

on. Usually, researchers used statistical [18; 30] or computer [10] models of human cognitive 

functioning or they compared the mistakes made by different groups, for example, the mistakes of 

adults and children of different ages [7; 27; 32] or mistakes of typical children and children with 

developmental disabilities such as Down syndrome [17], Williams syndrome [31], and autism [13]. 

Everyone agrees that wrong responses analysis provides an additional information, but, 

unfortunately, no one has explained how this information can be used in practice, for a deeper 



Вучичевич Б. 

Возрастные и индивидуальные различия в 

интеллектуальном развитии младших школьников при 

выполнении заданий СПМ 

Психолого-педагогические исследования. 2022. 

Том 14. № 1. С. 95–110. 

 

Vucicevic B. 

Age and Individual Differences in the Intellectual 

Development of Elementary Schoolchildren when Solving 

SPM Tasks 

Psychological-Educational Studies. 2022. Vol. 14, no. 1, 

pp. 95–110. 

 
 

98 
 

understanding of the differences in the development of thinking in children. Also, these studies did 

not discuss the possibility of using this approach to study the development of intellectual ability. 

In our opinion, the last suggested classification of mistakes that children make when solving 

SPM tasks, proposed in the work of M. Kunda et al. [13], has some advantages when compared 

with all previous ones that are based on a logical analysis of the features of the tasks themselves. 

First, descriptions of wrong responses attempt to explain the mental processes of a person who 

made a particular mistake. Second, based on the descriptions, the authors made a step-by-step 

instruction manual that allows each response option to be attributed to one of 4 groups of errors. 

The inter-rater reliability for coding the answer responses is high - 98%. It is important to note that 

the authors of the manual use already known types of errors. They are first named and described by 

Raven [3], and then they were used and elaborated by others. In the last classification, the wrong 

responses are described based on the characteristic features of the mental process that lead to each 

type of error, as follows: 

1. Incomplete correlate error – the subject understands the problem, sees all the relevant 

relationships within the matrix, but cannot combine them all when choosing an answer; 

2. Wrong principle error – the subject is not able to understand the relationships within the 

matrix and instead combines the elements of the matrix according to some of his own rules; 

3. Repetition – Perseveration or repetition of the figure closest to the missing fragment within 

the matrix, the answer is chosen based on perception; 

4. Difference – The subject chooses an answer that catches the eye, because it is qualitatively 

different from the rest and may seem like the most difficult option.1  

Thus, the classification of wrong responses suggested in the work of Kunda et al. is, in our 

opinion, the most suitable for studying the possibilities of using the wrong responses analysis for 

the study and differentiated assessment of the intellectual development of a child. 

 

Procedure 

The aim of the study was to determine the possibilities of using the analysis of wrong responses 

on the SPM test for a differentiated assessment of the development of the intellectual abilities of 

children at elementary school age. In addition, since the study of the analysis of wrong responses 

when solving the SPM was never done in Russia before, an additional task of this study was to 

compare the data with those obtained in foreign studies. 

The hypothesis of the study was that the characteristic type of wrong response made by primary 

schoolchildren when solving SPM test items manifests itself when analyzing both age-related 

differences and individual differences. 

The study was organized in two stages. At the first stage, we identified and coded all possible 

wrong responses in every SPM item, using the manual for Kunda et al.'s classification [13]. An 

empirical study involving 160 children enrolled in the 1st (N = 80, age 6; 7 - 8; 1, M = 7; 3) and the 

third (N = 80, age 8; 8 - 10; 2, M = 9; 3) classes from two schools in Moscow, was carried out at the 

                                                      
1 To indicate errors further in the text, abbreviations of their names are used: IC - incomplete correlate error, WP - 

wrong principle error, R - repetition and D - difference. 
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second stage. Children solved the original version of the Standard Progressive Matrix test which 

provided us with the information of their level of fluid intelligence, but also allowed us to mark 

their wrong responses. 

In the Russian Federation, the age norms for SPM for children under 14 years old are not 

available, therefore, the British norms from 1979. are still used in practice. Taking into account the 

Flynn effect [15] and the absence of Russian age norms for determining the level of intelligence 

using SPM, we abandoned the use of British norms in favor of determining percentiles of the 

sample. 

The data were collected in schools. On average, first graders took two, and third graders one 

school class (45 minutes) to complete the SPM test by writing down their answers on a sheet, 

according to the instructions of the test itself. 

 

 

Results 

Table 1 shows the results of descriptive statistics of the SPM test performance in two age groups: 

 

Table 1 

Descriptive statistics of the SPM test performance 

Age Mean 
Standard 

deviation 

95% 

confidence 

interval 

Range 
Kolmogorov-

Smirnov test 
Significance  

7 34.45 9.548 32.33 – 36.57 13 – 52 0.104 0.033* 

9 40.24 7.533 38.56 – 41.91 13 – 55 0.103 0.036* 

 

The results show that the compared age groups differ in the level of fluid intelligence measured 

by the SPM, since the 95% confidence intervals of the means do not overlap. They also show that 

the distribution of responses in both groups differs from the normal, and that their variances are 

heterogeneous (F = 6.456, p = .012), therefore, to test the hypothesis about the existence of 

differences between them we applied Welsh test. The results of the analysis showed that the groups 

of 7-year-olds and 9-year-olds children really differ in the level of intelligence (t (1) = 18.117, p = 

0.000). We can say that the older children, on average, performed better on the test, although for 

both groups the test was little easier. 

An example of one of the SPM test series with coded all response options according to the 

Kunda et al.'s manual is presented in table 2. 
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Table 2 

Classification of wrong answers on series В 
Items 

1 2 3 4 5 6 7 8 9 10 11 12 
Options 

1 D D CA IC CA R R WP R R WP WP 

2 CA IC IC CA D WP R IC WP R R R 

3 D IC IC D R CA WP R IC CA R R 

4 D WP WP R R R WP R CA IC CA WP 

5 D IC R D R IC CA R R WP D CA 

6 D CA D R D D IC CA D R R R 

Symbols: CA – correct answer, IC – incomplete correlate error, WP – wrong principle error, R – 

repetition and D – difference. 

 

 

As shown in the table 2, the number of possible wrong responses that belong to the certain type 

of error is not the same both in the series as a whole and within individual items. Because of this, 

the following results are obtained after calculating the relative frequency of wrong responses on 

SPM made by the subjects. The average values of the relative frequencies of different types of 

errors children of different age made while solving SPM as well as their ranges are presented in 

table 3: 

 

 

Table 3 

Average values and ranges of the relative frequency of the types of the error 

 IC WP R D 

7 years 
Mean 13.99 35.0 35.16 15.66 

Range 3 – 50 7 - 60 8 – 81.4 0 – 50 

9 years 
Mean 16.71 42.16 25.52 14.47 

Range 0 – 50 17 - 70 0 – 68 0 – 30 

 

Comparative analysis of different types of errors made by children from different age groups 

reveals significant differences. Younger children make “wrong principle” and “repetition” errors 

with equal frequency, while older children make “wrong principle” errors more often. Levene’s test 

for equality of variances showed that variances are homogeneous for all types of errors, except for 

the “incomplete correlate” error (IC: F = 5.568, p = .020; WP: F = 2.570, p = .111; R: F = 0.377, p 

=. 540; D: F = 0.001, p = .982), thus, the between-group differences in the type of errors were tested 
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with the Mann-Whitney test. The results are presented in table 4: 

 

 

Table 4 

Differences in the types of errors between 7- and 9-year-olds (U criterion) 

Types of 

errors 
IC WP R D 

U-criterion 2735.0 2200.5 2017.5 3090.5 

Significance 0.112 0.001** 0.000** 0.709 

Rank (7 year) 74.69 68.01 95.28 81.87 

Rank (9 year) 86.31 92.92 65.72 79.13 

Note. * - р≤0,05; ** - р≤0,01 

 

 

The results obtained show that 7- and 9-year-olds really made different number of the following 

two types of errors - “wrong principle” and “repetition”. The 9-year-olds made more “wrong 

principle” errors, while the younger ones made more “repetition” errors. 

The Kruskal - Wallis test was used to test the significance of differences in the characteristic type 

of errors between subjects with different levels of fluid intelligence within each age group. Four 

subgroups of children were identified based on the percentiles of the sample (1 - percentile 95%, 2 - 

percentile 75 - 95%, 3 - percentile 25 - 75% and 4 - percentile 25%). Differences in the 

characteristic type of errors in 7-year-old children with different levels of intelligence were found 

for all types of errors (IC: χ² (3) = 12.067, p = .007; WP: χ² (3) = 12.330, p =. 006; R: χ² (3) = 8.731, 

р = .033) except for the error "difference" (D: χ² (3) = 3.111, р = .375). 

Pairwise comparison of the relative frequency of errors made by 7-year-olds from different 

groups of intellectual development revealed three significant results. For errors "incomplete 

correlate" and "repetition", the differences are significant only between subgroups 2 and 4 (the 

Bonferroni correction is .010 and .032 for these errors, respectively). 

Table 5 

Comparison of «incomplete correlate error» frequencies between subgroups of 7-year-olds 

Subgroup Criterion Significance (Bonferroni correction) 

4-3 6.547 1.000 

4-1 22.975 .426 

4-2 23.739 .010* 

3-1 16.428 1.000 

3-2 17.197 .058 

1-2 - .764 1.000 
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Data in Table 5 show that 7-year-olds from the 4th subgroup differ from their peers from the  

2nd subgroup in the amount of the 2 types of errors they made – they made fewer “incomplete 

correlate” errors, and more “repetition” errors. 

Regarding the error "wrong principle", significant differences are observed only between 

children from the 1st and 3rd subgroups (Bonferroni correction is .035) - those from the 1st 

subgroup made fewer errors of this type. 

An analysis of differences in the type of errors between 9-year-old children from different 

subgroups showed that significant differences were found only for the errors of “incomplete 

correlate” (IC: χ² (3) = 13.866, р = .003) and “repetition” (R: χ² (3 ) = 12.341, p = .006). The results 

of pairwise comparison analysis of the relative frequency of errors "incomplete correlate" made by 

9-year-olds from different intellectual groups are presented in table 6: 

 

 

Table 6 

Comparison of «incomplete correlate error» frequencies between subgroups of 9-year-olds  

Subgroup Criterion Significance (Bonferroni correction) 

4-3 7.088 1.000 

4-2 19.451 .070 

4-1 40.232 .009* 

3-2 12.363 .438 

3-1 33.144 .039* 

2-1 20.781 .0657 

 

Data in table 6 show that 9-year-olds from the 1st subgroup differ from their peers from the 3rd 

and 4th subgroups in the amount of “incomplete correlate” errors they made. 

With regard to the “repetition” error, significant differences were observed only between 

children from the 1st and 4th subgroups (Bonferroni correction is .039). Thus, we can say that 

subjects from subgroup 1 (top 5%) made fewer "repetition" errors than those from subgroup 4 

(bottom 25%) and more "incomplete correlate" errors than subjects from subgroups 3 and 4 

combined. 

 

 

Discussion 

The results of the study showed that the typical mistakes younger and older children made when 

solving the SPM test are really different. Having in mind that, as the other authors write, the only 

thing we really know about solving the intelligence tests is that older children do better than 

younger [14; 19], this result was expected. At the same time, our result underlines the importance of 
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studying both age-related differences and individual differences in children's responses to the test 

items. 

Our results also showed that the typical mistake 9-year-olds make is “wrong principle”, while for 

7-year-olds it is “repetition”. Thus, the first part of our hypothesis was confirmed. At the same time, 

our results differ from those obtained in foreign studies, which showed that the most common 

mistake in children aged 8-13 is “repetition” [21; 23; 27], and the second most frequent one is the 

“wrong principle” error [32]. Our results also partially contradict the ones obtained in the study 

interested in the changes of certain types of errors through ages [31], in which the authors came to 

the conclusion that the number of “repetition” errors increases with age, the number of “wrong 

principle” and “difference” error decreases, while the number of errors “incomplete correlate” does 

not change. The results of our study are consistent with the data showing that between the ages of 7 

and 9, the number of "incomplete correlate" errors does not change, and the number of "wrong 

principle" errors decrease. However, the number of "repetition" errors in our study decreased 

significantly with age, while the number of "difference" errors did not change. It is possible that the 

differences found in the data of our and foreign studies [31] are partly due to the fact that the latter 

used Coloured Progressive Matrices (CPM), which consists only of two of the simplest series of the 

SPM test. However, differences in the type of the most common errors in our and other foreign 

studies were found even though we used the same version of the SPM test. In this case those 

differences might be explained with the age of the subjects participating in the research. In foreign 

studies the sample consisted of children aged from 8 to 13 years, while in our study two age groups 

were identified – 7- and 9-year-olds. It is necessary to note here that for 7-year-olds SPM test items 

are considered difficult [3]. Another point that, in our opinion, should be taken into account when 

interpreting the differences in the data obtained is that, despite the fact that all studies analyze the 

same types of errors, the question of whether all the criteria for attributing the child's answer to this 

or that classification group coincide among different researchers, remains open. Unfortunately, the 

agreement of experts in some studies was approximately only 72% [32]. 

In the study we have also found individual differences in the characteristic types of errors 

children make while solving the SPM associated with the level of their intellectual development. 

The second part of the hypothesis about the differences in the most common type of error made by 

children of the same age, but different levels of intelligence, was also confirmed. Seven-year-olds 

who completed the SPM tasks at the lowest level (subgroup 4), in comparison with children of the 

average and above average levels of intelligence, made the “repetition” error most often. This 

corresponds to the data of foreign studies, in which this error was most frequent in subjects with 

lower levels of intelligence [23; 27; 32]. Also, this subgroup made "incomplete correlate" errors less 

than other subgroups and this type is considered to be “the smartest” error, that is, the one closest to 

the correct answer. An interesting result was also found in the results of the children from subgroup 

1, who, in comparison with their peers with an average and lower levels of intelligence, made 

significantly fewer mistakes "wrong principle", the mistake that shows that they did not understand 

the essence of the task. In the case of 9-year-olds, the smartest pupils, in comparison with their 

peers with an average and lower levels of intelligence, again made more “incomplete correlate” 

errors and fewer “repetition” errors. 

Finally, the results of the study showed that finding a way to use the analysis of the wrong 
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responses on the SPM for a differentiated assessment of the development of intellectual abilities at 

elementary school age can and should be task for future. But, at the same time, it had been shown 

that Kunda et al.'s classification is not good enough for such analysis. First, the example of the 

coded responses on the items of series B shows that in most of the items there is not one answer 

which can be attributed to a certain type of error. As a result, on the same item subjects can make 

the same type of error, while choosing different response options. For example, both repeat an 

existing matrix element, but one of them repeats the figure on top of the empty space, and the other 

repeats the figure on the left. This classification of the responses does not allow us to reveal the 

difference in the thinking process of these subjects. This clarification is even more important in the 

case of the "difference" error, to which completely different answers can be attributed - from 

exaggerating the characteristics of a certain element of the matrix to a completely inappropriate 

figure. Perhaps that is why no differences were found in the number of this particular type of error 

both between age groups (7- and 9-year-olds) and between subgroups of children with different 

intelligence levels within each age group. 

Also, it should be mentioned that in some foreign studies authors initially identified 5 types of 

wrong responses [32], that is, in addition to those already mentioned, there was one more type 

described: “confluence of ideas” error. This error is a wrong response, which consists of parts of the 

elements of all the already existing shapes in the matrix. However, researchers later decided not to 

isolate it but to consider it as a variant of the “incomplete correlate” error. If we bear in mind what 

was said above, then we can assume that, in fact, this error may be the result of a mental process 

different from the one responsible for the “incomplete correlate” error, therefore, in future studies it 

is advisable to consider it as a separate type. 

Finally, two main drawbacks of Kunda et al.'s classification have3 to be addressed, especially 

because they can also be found in all the previous classifications. The first one is that the 

classification is based on the assumption that the correct thought process is behind the subject's 

correct answer. Series D is a prime example of this assumption being wrong. Items in this series are 

often organized in the form of a Latin square and the correct answer is an already existing figure, 

which does not allow us to distinguish whether the subject understood the principle or made the 

“repetition” error. This is related to the second drawback - the explanations of the types of errors do 

not take into account the specifics of individual series of SPM. Each series forms one theme [25]: 

(A) continuous patterns, (B) analogies between pairs of figures, (C) progressive alteration of 

patterns, (D) permutation of figures, and (E) resolution of figures into constituent parts. It can be 

assumed that the same type of error made in different series actually reveals different intellectual 

levels as well as different qualitative aspects of the subjects' thought process. 

 

 

Conclusion 

Results obtained in an empirical study showed that age-related and individual differences in the 

nature of errors made by elementary schoolchildren while solving the SPM intelligence test do 

reflect the qualitative originality of the children’s thinking. 

The value of this study lies in the fact that the results obtained underlie the importance of taking 
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into account the age of the subjects and the level of their intellectual abilities in the study of wrong 

responses on intelligence tests. The results not only showed that 7-year-olds and 9-year-olds really 

make mistakes in different ways, but also that within these age groups there are significant 

differences in the type of wrong answers depending on the level of intellectual development. At the 

same time, results showed that such classification of wrong responses on the SPM test has not been 

proposed, with the help of which it would be possible to draw a conclusion about the thinking 

process that led the subject to choose a certain response. This is partly due to the fact that SPM test 

was not created for such analysis. All the existing classifications of types of wrong responses on the 

SPM, including the last one, are based on post hoc explanations, which complicates, but does not 

make it impossible to analyze them. 

An important and necessary step towards creating a conceptual classification is to take into 

account few important points. First, it is the unequal distribution of different types of errors in tasks 

within the SPM series. Second, it is the existence of two different answers that belong to the same 

type of error. In addition, it is important to keep in mind that the same types of errors made by 

subjects in each series of Matrices may be due to different thought processes. Finally, we note the 

wrong assumption of the authors of all existing classifications that the correct process of thinking is 

responsible for the correct answer. The creation of new classifications that take into account all of 

the above problems is of great importance both for research on the intellectual development of 

elementary schoolchildren and for the practical work of psychologists. 
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