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Resumen

El pensamiento crítico (PC) es un objetivo central de 
la educación del siglo XXI, aunque su investigación care-
ce de consenso y ha sido desigual, y limitada en temas de 
evaluación en la educación primaria. Estas debilidades jus-
tifican el objetivo de este estudio: evaluar el dominio de las 
destrezas de PC en estudiantes de primaria. La metodología 
cuantitativa evalúa seis destrezas de CT (predicción, razo-
namiento lógico, comparación, clasificación, toma de deci-
siones y resolución de problemas) a través de un test de 48 
ítems (alfa = .85), en el que participaron 655 estudiantes de 
sexto grado (11 años). Los estudiantes exhiben un dominio 
general promedio de los ítems y destrezas del pensamiento 
crítico. Además, se presentan las estandarizaciones de los 
resultados de los test y el puntaje obtenido en los ítems. La 
comparación de PC entre niños y niñas indica que las niñas  
obtienen mejores puntuaciones que los niños en la mayoría 
de los ítems. Con el estudio se concluye que existe un domi-
nio intermedio del PC, que es ampliamente mejor en niñas, 
y se discuten algunas implicaciones educativas.

Palabras clave: evaluación, pensamiento crítico, destre-
zas, baremación en primaria, diferencias de género

Abstract 

Critical thinking (CT) is a central aim of the 21st cen-
tury education, although its research lacks consensus, has 
been unequal and lacking in primary evaluation issues and 
primary education. These weaknesses justify the aim of this 
study: evaluating primary students’ mastery of CT skills. 
The quantitative methodology diagnoses six CT skills (pre-
diction, logical reasoning, comparison, classification, deci-
sion-making, and problem-solving) through a 48-item test, 
which 655 sixth-graders completed. The students display an 
average global mastery of the CT items and skills, and the 
test’s and skill scores’ standardization are also presented. 
The comparison of boys and girls shows that girls perform 
better than boys on most test items. The diagnoses suggest 
an intermediate mastery of CT skills in students, where girls 
widely outperform boys, and also propose some education-
al implications.

Keywords: assessment, critical thinking, skills, normative 
data in primary education, gender differences
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Introduction

Many institutions and experts worldwide sup-
port educating students for the skills of the 21st cen-
tury to face the great challenges of today (European 
Union, 2014; Fullan & Scott, 2014; International 
Society for Technology Education, 2003; National 
Education Association, 2012; National Research 
Council, 2012; OECD, 2018; UNESCO, 2016). 
These skills include digital and cognitive skills; 
the latter usually distinguishes soft (psychosocial 
or interpersonal) and hard (higher-order cognitive) 
skills, which some authors summarize in the 4Cs 
or 6Cs (collaboration, communication, character, 
citizenship, creativity, and critical thinking [CT]). 
In sum, CT is a significant component of the skills 
for the 21st century, placing innovative demands on 
education (Almerich et al., 2020; Vincent-Lancrin 
et al., 2019).

From an educational perspective, CT teach-
ing aligns with Piaget’s pioneering studies (Piaget 
& Inhelder, 1997) and cognitive acceleration pro-
grams (Shayer & Adey, 2002) that have empiri-
cally demonstrated its significant impact on learn-
ing. In addition, the cognitive skills that make 
up CT are connected to the higher categories of 
Bloom’s taxonomy (analyze, judge, and create), 
they are often called higher-order thinking skills. 
However, they also require the most basic skills, 
knowledge and understanding (Krathwohl, 2002). 
Nowadays, the mastery of CT skills is considered 
a key factor in achieving meaningful and deep 
learning skills that characterize  educational ex-
cellence (Valenzuela, 2008). The meta-analysis 
of Hattie reports that the effect size of Piagetian 
programs on learning is very large (d = 1.28), and 
the impact of different CT skills (metacognitive 
strategies, creativity, problem-solving, etc.) is also 
high (d > .40) (Hattie, 2009).  

From a labor perspective, most surveys show 
that CT is a primary and invariable requirement of 

future jobs (World Economic Forum, 2021) and a 
key factor for people’s success in the information 
age (Tremblay et al., 2012). This labor requirement, 
coupled with the evolution of cognitive develop-
ment, have driven most of the innovative teaching 
efforts of CT to be focused on higher education.

In sum, CT is a central objective of education, 
an important attribute of citizenship in a democrat-
ic society, and a decisive factor of an individual’s 
professional success in the 21st century. These ben-
eficial characteristics justify the attention placed on 
CT as a central variable of school learning. This 
study approaches this idea from a diagnostic evalu-
ation perspective to address the lack of information 
about younger students’ CT skills and aims to pres-
ent this information from primary education and 
thus contribute to fill this gap.

Critical thinking

Research on CT has focused on 3 areas: 
conceptualization, teaching, and evaluation. 
However, the development of each area has been 
unequal (Saiz, 2017).

In the framework of cognitive psychology, 
CT is generally conceptualized as a type of think-
ing that masters multiple higher-order cognitive 
skills and various attitudinal dispositions, and is 
regulated by demanding quality standards (pre-
cision, solidity, coherence, relevance, adequacy, 
etc.) to overcome thinking’s natural tendencies 
toward error, fallacy, and bias (egocentrism and 
socio-centrism). These skills, provisions, rules, 
and values inherent in CT provide a crucial basis 
for its evaluation (Bailin et al., 1999).

In contrast, the CT literature also shows a 
lack of consensus over a definition of CT due to 
the diversity of philosophical (e.g., Ennis, 2018; 
Facione, 1990; Paul & Nosich, 1993) and psycho-
logical (Halpern, 2003; Lai, 2011). approaches 
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and concepts. A widely cited conceptualization 
of CT is the one proposed by Ennis (2018), who 
defines it as “reflective and reasonable thinking 
focused on deciding what to believe or do, along 
with its expanded development of the disposi-
tions and skills involved in such decisions”. To 
create some consensus among specialists, a pan-
el of experts from the American Psychological 
Association (APA, 1990, p. 3) proposed a defi-
nition of CT as the “purposeful, self-regulatory 
judgment which results in interpretation, analysis, 
evaluation, and inference, as well as explanation 
of the evidential, conceptual, methodological, 
criteriological, or contextual considerations upon 
which that judgment is based”. Many studies use 
this as a reference (APA, 1990; Facione, 1990).

As an alternative to this lack of conceptu-
al consensus, some researchers choose to define 
CT by extension, that is, specifying its constitu-
tive skills (Fisher, 2009). This approach is evi-
dent in the APA (1990) panel’s definition, which 
mentions the skills of interpretation, analysis, 
evaluation, inference, judgment, and self-reg-
ulation. Ennis’s (2018) expanded development 
also mentions decision-making. These exam-
ples or the extreme case of the so-called national 
plan for CT assessment (Paul & Nosich, 1993), 
which proposed a long list of 88 CT skills, evi-
dence the lack of consensus on a definition of CT. 
However, some skills (e.g., analysis, reasoning, 
problem-solving, decision-making) and some 
dispositions (e.g., open-mindedness) can be con-
sidered predominant (Lai, 2011).

The different CT assessment instruments, 
by their functional and practical nature, tend to 
implicitly assume the extensive definition of CT, 
as each instrument usually specifies the skills it 
assesses. However, since the evaluation instru-
ments are more specific than the definitions, here 
too, a lack of consensus is evident, highlighting 
the conceptual complexity of the CT construct. 

For example, the Cornell Critical Thinking Tests 
(CCTT) level X (Ennis et al., 2005a) assesses five 
dimensions (induction, deduction, observation, 
credibility, and assumptions), and the Critical 
Thinking Assessment test (HCTA) of Halpern 
(2007, 2010) assesses five skills (argument anal-
ysis, hypothesis-testing, probability and uncer-
tainty, problem-solving, and verbal reasoning). In 
sum, the different skill terminologies, the unequal 
number of skills considered by each instrument 
(from 88 to 2), and the skills grouped into cate-
gories in some tools (those that offer a broader 
set of skills) are further examples of complexity, 
justifying the functionality of improving the orga-
nization of the CT field.

Some taxonomies of synthesis have been 
proposed to address this complexity and reduce 
the lack of consensus. For example, Dwyer et al. 
(2014) developed an integrated framework of edu-
cational objectives, cognitive processes (reflective 
judgment and self-regulation and meta-cognition 
functions), and CT skills (analysis, evaluation, 
and inference), including memory and compre-
hension as necessary processes to apply CT. Two 
recently developed taxonomies present a theoreti-
cal framework that organizes CT into four dimen-
sions with significant coincidences between them. 
Manassero-Mas and Vázquez-Alonso (2019) pro-
posed four basic dimensions of CT (creativity, 
reasoning and argumentation, complex process-
es, and evaluation and judgment), each contain-
ing multiple categories and subcategories (e.g., 
deductive, inductive, abductive, and statistical 
thinking; problem-solving and decision-making; 
assumptions, rules, dispositions). In a similar 
vein, Fisher (2021) also organized CT skills in-
to four basic dimensions (interpretation, analysis, 
evaluation, and self-regulation), whose contents 
overlap broadly with the previous taxonomy.

In summary, the CT literature shows differ-
ent conceptualizations among specialists, so to 
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avoid misconceptions, we used the taxonomy of 
Manassero-Mas and Vázquez-Alonso (2019) as a 
general reference. According to the authors, the 
term CT is fundamental and consists of four di-
mensions, each containing multiple specific think-
ing skills and other associated concepts (dispo-
sitions and rules of attitude). The taxonomy also 
reflects most of the CT skills involved in most CT 
assessment instruments. Finally, despite the dis-
crepancies presented, all the authors agree on the 
educational importance of CT.

The evaluation of critical thinking

CT can be taught and learned, multiple CT 
teaching programs with varied orientations and 
practices have attempted to teach CT for decades 
(Follmann et al., 2018; Saiz, 2017; Swartz et al., 
2013). In addition, recommendation 12 of the 
APA expert statement (Facione, 1998) endorsed 
complementing the teaching of CT with its fre-
quent and explicit evaluation, both diagnostic and 
summative (Recommendation 13), and using val-
id, reliable and equitable instruments which cur-
rently are obvious features in the construction of 
tests (Muñiz & Fonseca-Pedrero, 2019).

The need to evaluate is justified by Ennis 
(2018) on the following grounds: diagnosing the 
students’ CT skills level, providing feedback on 
progress, motivating learning of CT, informing 
teachers about teaching methods, investigating CT, 
counseling on the choice of studies, and stimulat-
ing educational institutions to report their results. 
The evaluation of CT is a necessity and significant 
support for improving its teaching, but it requires 
the construction of appropriate evaluation instru-
ments to achieve valid and reliable results.

The specialized literature offers numerous 
tests to assess CT and, although most focus on a 
few CT skills (e.g., Facione et al., 1998; Halpern, 

2010; Rivas & Saiz, 2012; Watson & Glaser, 
2002), others are broader (Madison, 2004). The 
analysis of the skills included in the CT assess-
ment tests provides an overview of the CT skills 
synthesized in the CT taxonomies mentioned 
(Ennis & Chattin, 2018; Fisher, 2021; Manassero-
Mas & Vázquez-Alonso, 2019). However, CT 
teaching programs that have proven their effects 
through empirical evaluation studies are the ex-
ception rather than the rule (Saiz, 2017). Lipman’s 
(1982) Philosophy for Children program has been 
repeatedly evaluated (Colom et al., 2014), while 
others, such as thought-based learning (Swartz 
et al., 2013), have only been evaluated occasion-
ally, and others, such as the reasoning program 
(Walton & Macagno, 2015) still lack evaluation.

The vast majority of CT assessment instru-
ments target at adults and university students, 
and there are hardly any specific tests for young 
students, although the Cornell tests (X, Y, Z) are 
partially adaptable to different ages (Ennis & 
Millman, 2005a, 2005b), and other proposals re-
quire a consolidated development (Lopes et al., 
2018). In addition, the review of Aktoprak and 
Hursen (2022) shows a great lack of research on 
CT in primary education and a predominance of 
qualitative research methodologies in the few ex-
isting works. Therefore, Gelerstein et al., 2016; 
Lai, 2011; Meng, 2016; Pérez-Morán et al., 2021; 
Sierra et al., 2010 propose guiding studies to-
wards quantitative research methodologies that 
complement qualitative research methods and 
strengthening the evaluation of CT with reliable 
measurement tests. Also, the differences between 
men and women have also been rarely investigat-
ed, although the study by Sierra et al. shows no 
significant differences. 

In sum, the educational development of CT 
has been unequal among the different educational 
levels (frequent in university and rare in the lower 
educational levels) and within the contents (teach-
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ing of CT has predominated, whereas reliable 
evaluation of CT is scarce, especially in younger 
students). These shortcomings justify this study’s 
attention to the assessment of CT in young people, 
focused on specific skills appropriate and func-
tional to their age range and contributing to draw-
ing attention to the evaluation of CT in the early 
educational stages. 

     This study also builds on the develop-
ment and evaluation of CT through the devel-
opment of item banks on thinking skills for el-
ementary school students (Manassero-Mas & 
Vázquez-Alonso, 2020a, 2020b). Based on the 
previous milestones and the application of psy-
chometric recommendations to develop reliable 
tests (Fernández et al., 2010; Muñiz & Fonseca-
Pedrero, 2019), a 48-item test that evaluates six 
thinking skills was validated. It is applied here to 
diagnose and highlight the thinking of primary 
school students. Its validity and reliability have 
been presented elsewhere (Manassero-Mas & 
Vázquez-Alonso, in press). 

Consequently, the objectives of this study 
are: to quantitatively diagnose CT skills in 6th 
grade primary school children, present the nor-
mative data of the instrument, and compare the 
mastery of the skills in primary school children.

Method
Participants

The sample was comprised of 655 sixth-
grade students (322 boys and 335 girls) with an 
average age of 11.16 years, who attended four-
teen different schools in two Spanish communities   
(Catalonia, 42.6% and Balearic Islands, 57.4%), 
located in different towns (large, medium, small) 
of varied social contexts (upper, middle or lower 
class). Approximately half the participants stud-
ied in public schools (42.3%), and the other half 

(57.7%) in semi-private schools. All schools were 
selected for their favorable attitude towards criti-
cal thinking education. The students participated 
in this study in their own school groups, complet-
ing the thinking test as an assessment activity in 
the classroom under their teacher’s direction.

Instrument

The test “Retos de Pensamiento” (RdP_EP6 
[Thinking Challenges test]) applied in this study 
evaluates six CT skills: prediction and logical 
reasoning (reasoning dimension), comparison 
(creativity dimension), classification (evalua-
tion dimension), and decision-making and prob-
lem-solving (complex processes dimension). 
These skills were agreed on with the schools 
participating in this study based on the skills ad-
aptation to age and usual learning in sixth grade 
(EP6). The test items were designed using the cri-
teria of readability, comprehensibility, balance on 
the cognitive demand of each item, the students’ 
cognitive development, and the approach of fac-
ing a motivating and exciting challenge (Table 1).

     Each test item was assigned to the skill 
most congruent with its content. For example, 
classification skill evaluates the ability to group 
or separate different elements according to their 
common or differential features. Prediction and 
comparison evaluate the ability to verify a logical 
conclusion through inductive reasoning or the cre-
ative contrast of several statements, respectively. 
Decision-making/problem-solving measures the 
ability to identify the best decisions/solutions in 
a particular situation, and logical reasoning eval-
uates simple (simple syllogism) and complex de-
ductive ability (several pieces of information or 
conclusions are involved simultaneously). 

The items propose a variety of scenarios 
and situations that communicate information by 
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various means of representation (verbal, nu-
merical, and figurative). One or more questions 
are asked, whose cognitive demand is adjusted 
to the students’ skill and age expected average, 
posing authentic and motivating thinking chal-
lenges (see a sample in the appendix). The con-
tent of the items is independent of the curricula 
of the school subjects (for example, they do not 
propose numerical calculations), so the correct 
answer does not require previous school knowl-
edge but only applying elemental skills to the in-
formation presented. Therefore, the applied test, 
RdP_EP6, is cultural-free; that is, its challenges 
are not mediated by social, familiar and academ-
ic knowledge as many thinking tests are. For ex-
ample, the Science CT test requires knowledge 
of the primary science curriculum to answer cor-
rectly (Mapeala & Siew, 2015).

The RdP_EP6 response formats are mostly 
closed (four items require a short open answer) 
because this allows for a standardized, fast, valid, 
and reliable evaluation of each thinking skill and 
for developing diagnostic baselines to compare 
research, programs, and teaching methodologies. 
The reliability values of the six skill scales and 

the total test (Table 1) correspond to the empirical 
factors obtained by procedures described below 
(unweighted least squares [ULS], Manassero-Mas 
& Vázquez-Alonso, in press).

Procedures

The RdP_EP6 was applied to the partici-
pants in their class group by their teachers as a 
regulated ordinary evaluation to stimulate the 
students’ effort and motivation. The application 
followed standardized guidelines using digital de-
vices with no time limit for the answers (usually 
completed in a class period).

Correct answers received one point, incor-
rect answers received zero points, and no correc-
tions were applied to random answers. The score 
of each skill is the sum of the correct answers in 
the items that comprise it, and the overall score is 
the sum of all the correct answers (estimation of the 
students’ overall CT).

The validity of the content of the RdP_EP6 
is based on the credibility of the specialized pub-
lications consulted for the original items (Ennis & 

Table 1
Specifications of the test applied (RdP_EP6) in this study to evaluate thinking skills in the sixth grade of Primary Education 
EP6.

Thinking skills Source Type Items Reliability (ORION*)

Prediction (PREDIC) Ennis & Millman. 2005a Verbal 9 .86 

Comparison (COMP) Ennis & Millman. 2005a Verbal 7 .74

Classification (CLAS) Author elaboration ** Figurative 6 .91

Problem-solving (PROB)
Halpern (2010) Verbal 6

.81
Author elaboration ** Figurative 4

Decision-Making (DECIS) Author elaboration ** Mixed 9 .86

Logical reasoning (LOG-RA) Ennis & Millman. 2005b Verbal 7 .86

Total 48 (Alpha) .85
* Overall Reliability of fully-Informative prior Oblique N-Expected a Posteriori 
** Translated and adapted from open materials of https://www.criticalthinking.com

https://www.criticalthinking.com
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 Millman, 2005a, 2005b; Halpern, 2010), the items 
prepared by the authors (https://www.pensamien-
tocritico.com), and the researchers’ profession-
al judgment for the consensual selection of the 
items. The criteria for item selection were the best 
fit between the item’s content and the represent-
ed skill and between the item’s cognitive demand 
and the students’ cognitive level.

Analysis of results

The data of individual scores were pro-
cessed with SPSS (25). The validity and reli-
ability of the test were presented extensively 
(Manassero-Mas & Vázquez-Alonso, in press). 
They were calculated with the program Factor 
12.01.02 (Ferrando & Lorenzo-Seva, 2017, 
2018; Lorenzo-Seva & Ferrando, 2019), which 
applies a robust method of unweighted least 
squares (ULS) based on tetrachoric correlations, 
appropriate for dichotomous test scores, explor-
atory factor analysis (EFA), confirmatory factor 
analysis (CFA) extract factors with ULS and 
Promin rotation and evaluate reliability using 
various indices, such as ORION and Cronbach’s 
alpha (Table 1).

The evaluation of the differences among 
groups calculates the degree of significance of 
the differences among groups (ANOVA). The 
effect size statistic (ES, d) measures the magni-
tude of the differences in standardized units of 
deviation, independent of the sample size and 
the test applied, unlike the degree of statistical 
significance (Funder & Ozer, 2019; Schäffer & 
Schwarz, 2019). 

The central issue of the ES is to determine 
whether or not an effect is relevant, for which 
conventional reference points are usually ap-
plied, which vary according to the field of study 
(Cohen, 1988; Rosenthal, 1996; Ventura-León, 

2018). Educational research often reports ESs 
lower than other disciplines; for example, the 
meta-analysis of Hattie (2009) adopts d > .40 as 
a reference of the practical relevance of the ed-
ucational effect and d > .60 is considered large. 
In this study, practical educational relevance was 
attributed to d > .20 because the probability is 
usually already statistically significant, and the 
following references were adopted for ES: Small 
(d < .20), medium (.20 - .30), moderate (.30 - 
.50), and large ( > .50).

Results

The overall results of the 48 items that 
make up the RdP_EP6 are summarized in Table 
2. The global average of the 48 items is .492, 
indicating that the test has a medium difficulty 
rate, very close to 50% of correct answers. In 
addition, there are six very difficult items (hit 
rate less than .30), and five very easy items (hit 
rate greater than .70), so 81% of the items have 
medium difficulty indexes included in the central 
range (.30 - .70).

Table 3 presents the descriptive results of 
the scores in the six thinking skills evaluated by 
the RdP_EP 6, obtained by adding the correct 
responses to the items that are part of each skill. 
As the number of items for each skill is different, 
the means obtained are not directly comparable. 
However, taking as a reference the central point 
of the scale of each skill, the results show that 
the prediction, classification, and problem-solv-
ing scales have means above their midpoint, 
whereas the comparison, decision-making, and 
logical reasoning scales obtain means below 
their midpoint. Hence, the former skills obtain 
overall hits above 50% (the easiest), whereas the 
latter ones obtain success rates below 50% (more 
difficult for the students).

https://www.pensamientocritico.com
https://www.pensamientocritico.com
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Table 2
Descriptive statistics of the 48 items of the RdP_EP6 test (N = 655).

Variables Mean SD Standard 
Error

95% Confidence interval of the mean 
Lower limit Upper limit

V1 PREDIC1 .62 .48 .02 .59 .66
V2 PREDIC2 .43 .50 .02 .39 .47
V3 PREDIC3 .50 .50 .02 .46 .54
V4 PREDIC4 .40 .49 .02 .36 .44
V5 PREDIC5 .79 .41 .02 .76 .82
V6 PREDIC6 .74 .44 .02 .70 .77
V7 PREDIC7 .71 .45 .02 .67 .74
V8 PREDIC8 .38 .49 .02 .34 .42
V9 PREDIC9 .64 .48 .02 .60 .67
V10 COMPA1 .44 .50 .02 .40 .48
V11 COMPA2 .56 .50 .02 .53 .60
V12 COMPA3 .43 .50 .02 .39 .47
V13 COMPA4 .52 .50 .02 .48 .56
V14 COMPA5 .50 .50 .02 .46 .54
V15 COMPA6 .50 .50 .02 .46 .54
V16 COMPA7 .36 .48 .02 .32 .39
V17 CLASIF1 .64 .48 .02 .60 .67
V18 CLASIF2 .55 .50 .02 .51 .59
V19 CLASIF3 .56 .50 .02 .52 .60
V20 CLASIF4 .65 .48 .02 .62 .69
V21 CLASIF5 .66 .47 .02 .63 .70
V22 CLASIF6 .64 .48 .02 .60 .68
V23 PROBL1 .65 .48 .02 .61 .69
V24 PROBL2 .61 .49 .02 .57 .65
V25 PROBL3 .57 .49 .02 .53 .61
V26 PROBL4 .32 .47 .02 .29 .36
V27 PROBL5 .73 .45 .02 .69 .76
V28 PROBL6 .73 .44 .02 .70 .77
V29 DECIS1 .35 .48 .02 .31 .39
V30 DECIS2 .28 .45 .02 .25 .32
V31 DECIS3 .23 .46 .02 .26 .33
V32 DECIS4 .33 .47 .02 .29 .36
V33 DECIS5 .43 .49 .02 .39 .46
V34 DECIS6 .19 .39 .02 .16 .22
V35 DECIS7 .15 .35 .02 .118 .17
V36 DECIS8 .65 .48 .02 .61 .68
V37 DECIS9 .46 .50 .02 .43 .50
V38 PROBL9 .21 .41 .02 .18 .24

V39 PROBL10 .43 .49 .02 .39 .46
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Variables Mean SD Standard 
Error

95% Confidence interval of the mean 
Lower limit Upper limit

V40 PROBL11 .54 .50 .02 .50 .57
V41 PROBL12 .38 .49 .02 .34 .41
V42 LOGIC1 .54 .50 .02 .50 .58

V43 LOGIC2 .55 .50 .02 .52 .59

V44 LOGIC3 .30 .47 .02 .27 .34
V45 LOGIC4 .59 .50 .02 .55 .63
V46 LOGIC5 .24 .42 .02 .20 .27
V47 LOGIC6 .57 .49 .02 .54 .61
V48 LOGIC7 .33 .47 .02 .29 .36

Table 3
Descriptive statistical results of the six thinking skills and the total score evaluated with the RdP_EP6 test.

Skills Items Mean SD Standard 
Error

95% Confidence interval 
of the mean Minimum Maximum

Lower limit Upper limit
PREDICTION9 9 5.21 1.92 .07 5.06 5.35 0 9
COMPARISON7 7 3.31 1.42 .05 3.20 3.42 0 7
CLASSIFICATION6 6 3.70 1.89 .07 3.56 3.85 0 6
PROBLEMS10 10 5.17 2.14 .08 5.00 5.33 0 10
DECISIONS9 9 3.12 1.85 .07 2.98 3.27 0 9
LOGIC7 7 3.12 1.63 .06 3.00 3.25 0 7
TOTAL48 48 23.64 6.86 .27 23.11 24.16 10 45

The test’s average total score (23.64) is close 
to 24, which marks the central point of the overall 
score, reflecting the intermediate global difficulty, 
close to 50%, in direct scores of the complete test. 
Also, the table indicates that the responses in all 
the skills reach the minimum (0) and maximum 
scores, which means that some students did not 
answer any item of the skill correctly, but also 
that some students answered all the items of each 
skill correctly. Regarding the global test, the min-
imum score achieved is 10 correct answers, and 
the maximum score is 45 correct answers, much 
closer to the possible maximum score (48) than 
the minimum score (10) regarding the possible 
minimum score (0 points).

Scale and normative data of the test 

Table 4 presents the frequency distribution 
of the total RdP_EP6_48 scores obtained by 
the sample of students. The range extends from 
the minimum score of 10 correct answers to the 
maximum score of 45 correct answers. The mean 
score is 23.64 (Table 2), the median is 22, and 
the mode is 19.

The standardization of these scores in quar-
tiles shows an asymmetric and distorted curve to-
wards the highest scores because the highest quar-
tile includes from score 28 to the maximum score 
of 45 (half the range of the scores obtained). This 
range is practically identical to the range of scores 
in the lower three quartiles (from the minimum 
score of 10 to score 27). Similarly, the distribution 
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Table 4
Standardized distribution of total RdP_EP6 test scores in 
the sample of primary school students.

Points N % Percentiles Quartiles
10 5 0.8

11 9 2.1

12 7 3.2

13 9 4.6

14 20 7.6 10

15 28 11.9

16 24 15.6

17 29 20 20

18 26 24 25

19 48 31.3 30

20 37 36.9

21 40 43.1 40

22 37 48.7 50 50
23 33 53.7

24 30 58.3 60

25 23 61.8

26 33 66.9

27 25 70.7 70

28 17 73.3 75

29 27 77.4

30 27 81.5 80

31 28 85.8

32 25 89.6 90

33 11 91.3

34 12 93.1

35 7 94.2

36 12 96

37 10 97.6

38 3 98.0

39 6 98.9

40 3 99.4

41 2 99.7

44 1 99.8

45 1 100

Total 655

of scores is strongly concentrated in the central 
percentile sections (between the 20th and 80th 
percentiles), which practically encompass one, 
two, or three different scores, whereas the lowest 
percentile section (10) comprises five different 
scores (between 10 and 14), and the highest per-
centile section (90) comprises 13 different scores 
(between 32 and 45).

The distribution of the scores on the six 
scales of the CT skills of the RdP_EP6 obtained 
by the sample of students is presented in Table 5. 
The range of the six scales is different, so the max-
imum scores vary according to the skill, from the 
shortest range of the classification skill (6) to the 
longest range of the problem-solving skill (10).

Gender differences in thinking skills 

To evaluate the gender differences in think-
ing skills, we compared the scores obtained by the 
groups of boys and girls in all the variables of the 
RdP_EP6 considered in this study, which meet 
the conditions of normality, equality of variances, 
and sample similarity. The relevance of the differ-
ences between the two groups was measured with 
two statistics: the degree of significance of the 
differences (through ANOVA) and the ES of the 
differences (through Cohen’s formula, as the two 
groups are similar in size). The ES was computed 
subtracting the girls’ average to the boys’mean. 
Thus, positive differences indicate the boys’ high-
er score, and negative differences indicate the 
girls’ higher score.

Table 6 presents the results of the means 
and standard deviations for each of the 48 items 
that make up the test of the two compared groups 
of boys and girls, the two statistics assessing the 
differences, the degree of significance of the dif-
ferences (p) and the ES of the differences (d), or-
dered from highest to lowest according to the ES.
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Table 5
Distribution of scores on the six CT skill scales of the RdP_EP6 test.

Points
PREDIC9 COMPA7 CLASIF6 PROBL10 DECIS9 LOGIC7
N % N % N % N % N % N %

0 5 0.8 7 1.1 29 4.4 4 0.6 31 4.7 33 5
1 18 3.5 54 9.3 72 15.4 14 2.7 102 20.3 78 16.9
2 43 10.1 142 31 103 31.1 49 10.2 143 42.1 140 38.3
3 66 20.2 167 56.5 94 45.5 91 24.1 131 62.1 126 57.6
4 79 32.2 140 77.9 88 58.9 109 40.8 93 76.3 135 78.2
5 134 52.7 102 93.4 101 74.4 118 58.8 80 88.5 97 93
6 135 73.3 40 99.5 168 100 74 70.1 44 95.3 37 98.6
7 106 89.5 3 100 88 83.5 21 98.5 9 100

8 51 97.3 70 94.2 7 99.5

9 18 100 27 98.3 3 100

10 11 100

Total 655 655 655 655 655 655

Table 6
Descriptive statistics of the 48 items of the RdP_EP6 test for boys and girls, the degree of significance and the effect size of 
the group differences ordered by effect size.

Variables
Boys Girls

P-Sig. Effect size
Mean SD Mean SD

V38 PROBL9 .25 .44 .17 .38 .009 .195
V35 DECIS7 .17 .37 .13 .33 .144 .114
V13 COMPA4 .55 .50 .50 .50 .189 .100
V31 DECIS3 .31 .46 .28 .45 .419 .066
V4 PREDIC4 .41 .49 .39 .49 .750 .041
V12 COMPA3 .44 .50 .42 .49 .725 .040
V46 LOGIC5 .24 .43 .23 .42 .611 .024
V44 LOGIC3 .31 .46 .30 .46 .827 .022
V7 PREDIC7 .71 .45 .71 .46 .957 .000
V3 PREDIC3 .49 .50 .50 .50 .784 -.020
V39 PROBL10 .42 .49 .43 .50 .837 -.020
V23 PROBL1 .64 .48 .65 .48 .789 -.021
V26 PROBL4 .32 .47 .33 .47 .731 -.021
V27 PROBL5 .72 .45 .73 .44 .786 -.022
V2 PREDIC2 .42 .49 .44 .50 .452 -.040
V15 COMPA6 .49 .50 .51 .50 .726 -.040
V41 PROBL12 .37 .48 .39 .49 .554 -.041
V5 PREDIC5 .78 .42 .80 .40 .435 -.049
V48 LOGIC7 .31 .46 .34 .47 .449 -.065
V28 PROBL6 .72 .45 .75 .43 .290 -.068
V42 LOGIC1 .52 .50 .56 .50 .277 -.080
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.30, and among the highest that obtain negative 
values favoring the girls, only six items exceed 
the value .20. Similarly, only nine items reach a 
significance level of p < .05 (of which four items 
reach p < .01). In sum, the significance and ES of 
the differences between boys and girls are small.

The results obtained for the gender differ-
ences between primary school boys and girls in 
the six skill variables and the total score of the 
questionnaires confirm and reinforce the patterns 
and trends found for the 48 items of the test, given 
the additive nature of the skill scales (Table 7). 

Variables
Boys Girls

P-Sig. Effect size
Mean SD Mean SD

V10 COMPA1 .42 .49 .46 .50 .258 -.081
V1 PREDIC1 .60 .49 .64 .48 .238 -.082
V22 CLASIF6 .62 .49 .66 .47 .210 -.083
V30 DECIS2 .26 .44 .30 .46 .269 -.089
V43 LOGIC2 .53 .50 .58 .49 .142 -.101
V17 CLASIF1 .61 .49 .66 .47 .182 -.104
V36 DECIS8 .62 .49 .67 .47 .158 -.104
V6 PREDIC6 .71 .45 .76 .43 .185 -.114
V14 COMPA5 .47 .50 .53 .50 .172 -.120
V25 PROBL3 .54 .50 .60 .49 .091 -.121
V8 PREDIC8 .35 .48 .41 .49 .121 -.124
V29 DECIS1 .32 .47 .38 .49 .125 -.125
V21 CLASIF5 .63 .48 .69 .46 .136 -.128
V34 DECIS6 .16 .37 .21 .41 .152 -.128
V40 PROBL11 .50 .50 .57 .50 .101 -.140
V33 DECIS5 .39 .49 .46 .50 .104 -.141
V45 LOGIC4 .55 .50 .62 .49 .055 -.141
V16 COMPA7 .32 .47 .39 .49 .077 -.146
V20 CLASIF4 .62 .49 .69 .46 .047 -.147
V19 CLASIF3 .52 .50 .60 .49 .030 -.162
V9 PREDIC9 .59 .49 .68 .47 .013 -.188
V18 CLASIF2 .50 .50 .60 .49 .013 -.202
V24 PROBL2 .56 .50 .66 .48 .013 -.204
V32 DECIS4 .28 .45 .38 .49 .008 -.213
V37 DECIS9 .41 .49 .52 .50 .004 -.222
V47 LOGIC6 .52 .50 .63 .48 .005 -.224
V11 COMPA2 .50 .50 .62 .49 .002 -.242

The main finding comparing boys and girls 
is that most of the differences obtained in all the 
48 items show that girls score higher than boys in 
39 items (negative ES), and boys score higher in 
only eight of the remaining items (positive ES). 
This result indicates that girls in the sixth grade 
of primary education have, on average, better CT 
skills than boys.

The second finding in Table 6 is that the dif-
ferences between boys are low and mostly non-sig-
nificant. Indeed, all the differences between boys 
and girls calculated through the ES are less than 
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cally significant differences, the ES of the differ-
ences remains low. The largest gender difference 
is in the total score, and the smallest is in prob-
lem-solving skills.

All the differences in the six skills and the total 
score favor the girls (negative), which shows the 
overwhelming dominance of girls in almost all 
the items. Although most scores achieve statisti-

Table 7
Descriptive statistics of the six CT skills and the total score of the RdP_EP6 test (means and standard deviations) in the group 
of boys and girls, with the degree of significance and the effect size of the group differences.

Skills
Boys Girls

P-Sig. Effect size 
Mean SD Mean SD

PREDICTION9 5.06 1.91 5.35 1.93 .051 -.151
COMPARISON7 3.19 1.41 3.43 1.42 .035 -.170
CLASSIFICATION6 3.49 1.89 3.90 1.87 .006 -.218
PROBLEMS10 5.04 2.18 5.28 2.09 .151 -.112
DECISIONS9 2.92 1.80 3.32 1.88 .006 -.217
LOGIC7 2.98 1.67 3.26 1.58 .025 -.172
TOTAL48 22.69 6.89 24.54 6.72 .001 -.272

Discussion and conclusions

The main objective of this study is to diag-
nose the level of CT skills in a large sample of 
sixth-grade students of Primary Education (11 
years) through the RdP_EP6 test, which evalu-
ates six CT skills (prediction, comparison, clas-
sification, problem-solving, decision-making, 
and logical reasoning). The results indicate that 
the students reach an intermediate level of mas-
tery of CT skills (about 50% of correct answers 
in the global test) on the cognitive demands of 
the test items, a first reference of mastery for this 
sample and this test. Concerning the relative mas-
tery of the different skills assessed in the test, the 
students show a greater relative mastery of pre-
diction, classification, and problem-solving skills 
(scores above the midpoint of each measurement 
scale), whereas comparison, decision-making, 
and logical reasoning skills have relatively lower 
scores (below the midpoint of each measurement 
scale). These results are complemented with the 
psychometric evaluation of the test and the scales 
of the six skills, which can serve as a global ref-

erence framework for the expansion of the test’s 
standardization with different samples from other 
contexts and places, contributing to the develop-
ment of a valid and reliable test (Manassero-Mas 
& Vázquez-Alonso, in press). 

CT studies in primary education are few 
and qualitative (Gelerstein et al., 2016; Lai, 2011; 
Meng, 2016; Pérez-Morán et al., 2021). In addi-
tion, there is a lack of specific tests to evaluate 
CT in youngsters and there are even fewer stud-
ies evaluating skills which do not assess students’ 
real mastery of CT skills. For example, Lopes et 
al. (2018) developed a qualitative test for students 
from 12 to 19 years old, and Pérez-Moran et al. 
(2021) did so quantitatively, but they did not value 
the real mastery of the students’ performance. In 
short, there is a lack of quantitative studies that 
can serve as a reference to assess the domain of 
CT reflected in the scores of the skills evaluated 
in primary education. This prevents contrasting 
the scope and value of the results obtained in the 
sample of this study with other equivalent sam-
ples evaluated with different instruments. Thus, 
these results are pioneer in serving as a precedent 
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and diagnostic reference for subsequent studies 
and they contribute to filling the gaps, although 
the test’s valuation is pending future confirmation.

The most notable finding is the girls’ high-
er level of CT skills in most test items, the six 
skills and the total CT score. The differences in 
favor of girls are statistically significant in com-
parison, classification, decision-making, logical 
reasoning and, of course, the total CT score. In 
sum, although the magnitudes of the differences 
are not large, the statistically significant superi-
ority of girls over boys in CT skills constitute a 
consistent and solid trend. This supports girls’ bet-
ter performance instead of ratifying a hypothesis 
of similarity of the two groups in primary school 
students (Sierra et al., 2010) or the differences in 
older students, obtained with statistics inappropri-
ate to the group size (Lopes et al., 2018). 

Girls’ better CT mastery suggests two in-
teresting facts. The first refers to the justification 
and explanation of this differential result because 
if boys and girls have mostly attended the same 
school together, in the same classes, and with the 
same teachers, there is no evidence to attribute the 
differences to cultural or educational variables. 
Thus, the explanatory parameters could be within 
the framework of the evolutionary differences be-
tween boys and girls. 

An additional interesting issue is related to 
the hypothesis of similarity of men and women 
presented in the literature of differential psychol-
ogy, where it is still considered that spatial men-
tal rotation is the only capacity that presents large 
empirical differences favoring men, controlling 
for the educational and cultural background 
(Jäncke et al., 2018). Item V2638-PROBL9 of the 
RdP_EP6 makes a cognitive demand that involves 
imagining the rotation of a cube to give the correct 
answer, and its result of gender differences (Table 
6) presents the greatest magnitude of the differ-
ences favoring boys (d = 0.195), consistent with 

differential psychology’s prediction about spatial 
rotation. This result confirms differential psychol-
ogy research on spatial rotation and further sup-
ports the validity and reliability of the RdP_EP6.
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