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Introduction
Critical thinking (CT) has become increasingly important for making reasoned judg-
ments in today’s advanced information society, where all types of information, regard-
less of credibility, are easily accessible. The Assessment and Teaching of the Twenty-First 
Century Skills Project organized by educational experts identified the skills necessary for 
young people in the twenty-first century. Among them, primal importance was placed 
on CT skills, communication, and teamwork skills (Griffin et al., 2012). Furthermore, the 
Organization for Economic Co-Operation and Development (2017) identified CT skills 
as the basis of higher-order literacy. Following this trend, many universities regarded 
CT as essential skills in higher education and have made efforts to develop students’ CT 
skills (e.g., Association of American Colleges and Universities [AACU], 2018).
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With the worldwide recognition of the importance of CT skills, its pedagogy has been 
emphasized in various subject classes by the Ministry of Education, Culture, Sports, Sci-
ence and Technology (MEXT) (2016) in Japan, and EFL education is no exception. In 
global society, EFL learners will have opportunities to read English documents and dis-
cuss or negotiate in English with people from across the world, activating CT. Under 
such circumstances, the number of studies reporting on how to cultivate EFL learn-
ers’ CT skills is increasing (e.g., Mineshima & Imai, 2017; Takeda, 2016). However, CT 
assessment for EFL learners is rarely discussed, largely owing to the lack of a widely 
accepted definition of CT (e.g., Nicholas & Labig Jr., 2013) and scarcity of assessment 
tools designed for EFL learners (Reid & Chin, 2021).

Thus, we launched a project to develop an assessment tool for EFL students at the 
upper secondary and tertiary levels in Japan. In the project, we created an English Criti-
cal Thinking Test (ECTT) and implemented it for EFL learners (Author, year). The result 
of the pilot study showed that three factors of “Consistency & Inference,” “English abil-
ity & Consistency,” and “Analysis & Calculation” were extracted and the ECTT moder-
ately correlated with the English proficiency test (EPT) (r = .43). The current study is 
a follow-up of this pilot study to find further validity evidence for ECTT use at a larger 
scale than the pilot study. By conducting the present study, English teachers in EFL cir-
cumstances would be able to measure the degree of students’ CT skills and review the 
effectiveness of their instruction for CT skills.

Literature review
This section provides relevant studies for the current study. First, cognitive skill dimen-
sions of CT are explained. Second, existing CT tests are introduced, but we suggest the 
necessity of CT tests for EFL learners. Third, the result of ECTT in the pilot study is 
briefly reported. Finally, the similarities between CT process and reading literacy are 
explained to show how ECTT is related to reading literacy.

Cognitive skill dimensions of critical thinking

CT is a comprehensive cognitive ability that involves various CT skills and interrelates 
them. Halpern (1999) described CT as abilities related to problem solving, and mak-
ing inferences and decisions. Although the definition of CT differs slightly depending 
on the researchers (Ennis, 1987; Facione, 1990; Kuhn, 2015; Kusumi, 2010, 2018), most 
researchers agree that CT is reflective, and reasonable thinking focuses on deciding what 
to believe or do (Ennis, 2018).

More specifically, CT is a skill-application cognitive process of clarification, bases for 
a decision, and inference (Ennis, 1987; Facione, 1990; Kusumi, 2010, 2018). Clarification 
ability is applied when critical thinkers try to understand the intention, warrant, or logic 
of information. Bases for a decision ability are activated when thinkers clarify presup-
positions behind information and evaluate its reliability and the conclusion drawn by 
scientific methods. The final inference ability is applied when they attempt to draw the 
correct conclusion based on inductive and deductive reasoning. Each of these CT abili-
ties involves multiple CT skills or aspects, and critical thinkers use these CT skills selec-
tively to obtain the most appropriate solution based on the task at hand. In other words, 
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CT skills greatly help people solve problems or lead to a rational conclusion. Thus, due 
to the complex process of CT, to define its domain constructs is difficult.

Critical thinking tests

Difficulties in defining constructs of CT make the assessment even more challenging 
(Ennis, 2003). Another difficulty in assessing CT is domain specificity. CT is generally 
perceived as a generic ability that can be applied to a wider range of contexts (e.g., Ennis, 
2018; Kusumi, 2018). However, some argue that the domain-specific nature of CT skills 
is unavoidable, rendering little value for the results of a general assessment (e.g., Rear, 
2019). A case in point is that even though a Japanese student who has high CT skills 
but low English ability may not perform CT skills well in the domain of an English lan-
guage environment owing to language barriers. In other words, performing CT skills is 
influenced by some degree of domain-specific knowledge and skills. Despite these argu-
ments, several standardized English CT tests are available in the market, such as the 
Cornell Critical Thinking Test (Cornell test), Watson-Glaser test, and California Critical 
Thinking Skills Test (California test).

The Watson-Glaser test was first developed in the 1930s and later revised (Miller, 
1992). The test is commonly used in “graduate, professional, and managerial recruit-
ment” (Assessment Day, 2022) and has five subtests: assumptions, analyzing arguments, 
deductions, inferences, and interpreting information. Miller (1992) investigated the reli-
ability and validity of the Watson-Glaser test and reported that the reliability calculated 
by split-half coefficients of the whole test ranged from .85 to .87, but those of the five 
subsets (e.g., assumptions and inferences) were lower, ranging from .41 to .74. There-
fore, these subtests are recommended to be used all together, not separately. The Cor-
nell test was first developed by Ennis and Millman (1985) to help teachers determine 
their students’ CT ability and predict their future performance and is now available at 
two levels: level X for Grades 5 to 12 and level Z for Grades 11 to 12. Level Z measures 
seven skills: induction, deduction, credibility, identification of assumptions, semantics, 
definition, and prediction in planning (Tests.com LLC, 2020). The split-half reliabilities 
of the test ranged from .55 to .76, and the correlation with the Watson-Glaser test was 
.48 for undergraduates (Rane-Szostak & Robertson, 1996). Like the Watson-Glaser test, 
the subscale scores of the Cornell test are also not recommended to be used separately 
because of the lack of evidence that they measure distinct skills from factor analysis 
studies (Reid, 2000).

More recently, the California test was developed based on the Delphi Expert Consen-
sus Definition of Critical Thinking (Facione, 1990), in which core CT skills (i.e., inter-
pretation, analysis, and evaluation) and sub-skills (e.g., categorization, examining ideas, 
and assessing claims) were defined to integrate CT into school curricula and assess stu-
dents’ CT skills. The California test measures the following skills: overall reasoning skills, 
analysis, interpretation, evaluation, explanation, inference, deduction, induction, and 
numeracy (Insight Assessment, 2022). However, concerns have also been raised because 
of the relatively low pre-post correlation of .70 (Adams et al., 1996), and the test did not 
seem to be able to determine which item measures which subskill because of the multi-
ple skills necessary to answer an item (Reid, 2000).
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Among other validation studies on the California test, Facione (2000) confirmed a rel-
atively weak relationship with the Watson-Glaser test (r = .41). This might be because 
CT is a complex ability and the two tests do not measure exactly the same CT skills 
(such as explanation and induction of the California test and assumption and analyzing 
arguments of the Watson-Glaser test). Further information is reported in the California 
test manual (Insight Assessment, 2022) that there was a relatively high correlation with 
the GRE total score (r = .72) but low correlation (r = .10 to .20) with grade point aver-
age (GPA). This may be because GPA is a holistic measure that usually involves various 
factors of student performance (Insight Assessment, 2022). Looking into existing tests, 
some skills are commonly tested, such as analysis (or analyzing arguments) and infer-
ence (including induction and deduction); other skills are uniquely measured in each test.

Besides these three CT tests, some psychometric tests include sections measuring CT 
skills. For example, Graduate Record Examinations (GRE), used for admission to many 
graduate schools, include verbal reasoning, quantitative reasoning, and analytical writ-
ing (ETS, 2020). Thinking Skills Assessment, an admission test required by major UK 
universities, measures CT and problem-solving abilities (Cambridge Assessment Admis-
sions Testing, 2020).

While the studies above provided evidence regarding theses tests’ validity and reli-
ability, they seem insufficient based on the recent ideas of validation approaches (e.g., 
Chapelle & Voss, 2021). In other words, CT tests mentioned above have not clearly 
reported either the test scores’ scope of interpretation and use or the distinctions and 
relationships among intended factors. Thus, it would be hard to conduct validation 
studies of ECTT using them. In addition, these CT tests are not suitable for classroom 
use for the following reasons. One is that English and some contents used in the tests 
would be too difficult for EFL learners because they are for native speakers or high-pro-
ficient speakers, and some of the contents do not culturally fit to Japanese EFL learners. 
Another point is that obtaining such overseas commercial tests is difficult (e.g., Stroupe, 
2006) and buying them for all the students causes a great financial burden for teachers. 
To overcome these problems, it would be necessary to develop a CT test suitable for EFL 
learners.

CT skills of the ECTT in the pilot study

In the pilot study (Authors, year), we developed an English Critical Thinking Test 
(ECTT) to assess EFL learners’ CT ability at the upper secondary or university level in 
Japan. Upper secondary students in Japan are expected to achieve the Common Euro-
pean Framework of Reference for Languages (CEFR) B1 level by Ministry of Education, 
Culture, Sports, Science and Technology (MEXT) (2016), and most first-year university 
students at the authors’ university are in this range.

We administered the ECTT to 80 first-year university students in the pilot study, and 
they achieved 64% of the correct responses on the ECTT. Additionally, the students took 
TOEIC IP (M = 488.38, SD = 7.93) and the English proficiency test (EPT, see “Materi-
als” section), whose mean correct response was 67%. Regarding CT skills to be meas-
ured in the ECTT, we needed to determine which CT skills were integrated into the test. 
The ECTT is designed for EFL learners to demonstrate the CT skills required to solve 
problems by forming reasoned judgments. For that purpose, we chose three aspects of 
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CT: consistency, analysis, and inference skills, referring to previous literature and existing 
tests, and CT skills that can be measured in an English reading test (Table 1).

First, consistency skills are mainly used in the clarification stage mentioned above 
(Ennis, 1987, 2018; Kusumi, 2010, 2018) and involve clarifying the meaning of texts and 
their logical structure, such as cohesion and coherence. We believe that it is an impor-
tant and basic CT skill for EFL learners to read texts critically. According to Clemson 
University (2020), which has tried to enhance students through CT, one of the main-
stream important concepts of CT is “Recognize flaws and inconsistencies in an argu-
ment” (quoted by Ennis, 2018; p. 182).

The second CT skill we chose is analysis or analytical skill, which involves analyzing 
the text and gathering the most relevant necessary information to develop a reasonable 
interpretation (Insight Assessment, 2022). The information extracted includes words or 
phrases and numbers in a chart, which is similar to the numeracy and analysis in the 
California test and analysis in the Watson-Glaser test. The analysis also covers skills 
to evaluate whether pieces of information in a text are correct, based on the subskill of 
“Judge the credibility of a source” in bases for a decision phase (Ennis, 2018; p. 167).

The third CT skill we chose is inference, which involves deductive and inductive rea-
soning to make a reasonable decision, corresponding to inference, deduction, and induc-
tion in the California test and in the inference stage of the CT process. These CT skills 
are assumed to be domain universal skills that may be utilized in other subject areas 
(e.g., Ennis, 1987, 2018). Based on the domain definition of the three CT skills followed 
by the item specification we made (Table 1), ECTT items were created and tested in the 
pilot study (see the “Materials” section).

Relationship between critical thinking skills and reading literacy

ECTT is closely related to reading literacy because CT skills are used when reading 
texts critically (e.g., Aloqaili, 2012; Lee, 2015). The relationship between critical read-
ing and CT can be explained in the Programme for International Student Assessment 
(PISA) reading literacy assessment framework (Fig. 1), which illustrates the process of 
reading or critical reading. The PISA is an international test that measures 15-year-
old students’ math, science, and reading literacy skills to evaluate education systems 
worldwide. The items in the reading literacy assessment were categorized into three 
types. As shown in Fig. 1, the types of “Access and retrieve” and “Interpret and inte-
grate” items are associated with the readers’ literal and interpretative comprehension 

Table 1  Item specification of the ECTT​

CT skills Item specification

(a) Consistency 1. Rearrange the sentences to make the text more logical and coherent.
2. Fill in the blank to make more cohesive relations between the sentences.
3. Exclude a sentence to make the paragraph more coherent.

(b) Analysis 1. Interpret graphs and charts.
2. Calculate using numbers in the text to find the answer.
3. Extract necessary information and judge its credibility.

(c) Inference 1. Deduce objective conclusion based on reliable information.
2. Infer the meaning of an unknown word from a context.
3. Choose the most reasonable argument from a context.
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within a text. Some “Interpret and integrate” items may require lower-level CT skills 
such as interpretation, synthesis, and logical thinking skills. The third type, “Reflect 
and evaluate,” requires readers’ outside knowledge and higher-level CT skills such 
as evaluation and inference (Khamkhong, 2018). From a cognitive processing per-
spective, readers must first comprehend the text to interpret it, and only those who 
can interpret the text can evaluate it (Organization for Economic Co-Operation and 
Development (OECD), 2017). While reading the text, if necessary, readers may go 
back and forth between the comprehension and evaluation. In this regard, these three 
types are not hierarchical, but semi-hierarchical. This semi-hierarchical process of 
critical reading may prompt readers to use CT skills as necessary, such as clarifica-
tion, basis for a decision, and inference stages (Ennis, 1987; Kusumi, 2010).

Regarding empirical studies on the relationship between CT and reading literacy, 
Facione (1990) reported that CT skills were moderately correlated with the breadth of 
vocabulary knowledge and reading comprehension (r = .46 and r = .43, respectively). 
However, the relationship between CT skills and second language (L2) reading literacy is 
not the same. Critical reading in L2 inevitably becomes much more complex than that in 
L1 because readers require both L2 proficiency and CT skills (Khamkhong, 2018).

The influence of L2 proficiency on CT use becomes evident when the CT use is com-
pared between L1 and L2 (e.g.,  Floyd, 2011;  Grosser & Nel, 2013). Floyd (2011) com-
pared Chinese students’ Watson-Glaser Critical Thinking Appraisal (Watson-Glaser 
test) in Chinese (L1) and English (L2). The students’ IELTS scores were between 6 and 
6.5. The results showed that the students performed significantly better in the L1 ver-
sion of the Watson-Glaser test than the L2 version, suggesting that they cannot exhibit 
their CT skills in L2 reading as fully as they can in L1. Floyd attributes this result to their 
slower L2 word recognition speed and overload of their L2 working memory capacity. 
Zhou et  al. (2015) also investigated CT ability in English reading skills of 224 univer-
sity students in non-English majors in China, using questionnaires and interviews. The 
results show that most students lack CT ability in English reading, from which they 
claim to urgently need relevant training and to raise students’ awareness of CT in EFL 
reading classes. They extended their opinions on the influence of the current English 
examinations in China. Since students read English texts to cope with various English 
tests, much attention should be paid to the improvement of students’ CT ability through 
English examination.

Fig. 1  Types of items in the PISA Reading Literacy Assessment Framework. Note. Adopted from Organization 
for Economic Co-Operation and Development (OECD) (2017)
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With regard to the L2 production skill, the difference in CT use between L1 and L2 
becomes much more obvious. Manalo and Sheppard (2016) investigated the differ-
ence between Japanese students’ CT use in their L1 and L2 compositions. The result 
was that the Japanese students wrote significantly more sentences in English than in 
Japanese, but they produced more of the target evaluative language in Japanese. In 
addition, the students’ TOEIC scores correlated significantly with the number of eval-
uative sentences in their English compositions. Manalo and Sheppard (2016) assumed 
that cognitive resources available in working memory for critical thinking depletes 
to a greater extent by lower proficiency learners since they need more resources on 
writing English composition itself than proficient learners whose English produc-
tion skills have become more automatized. Thus, these studies suggest that limited L2 
ability may slow down higher-order operations (Just & Carpenter, 1992).

Current study
Most English reading tests for EFL learners measure literal comprehension including 
vocabulary and grammar knowledge, focusing only on domain-specific knowledge and 
skills. However, in the real world, we go beyond text comprehension when reading, by 
checking the credibility of the source to write an academic paper or a business report, or 
by extracting necessary facts or figures to lead to a reasonable judgment. To prepare for 
this, students must be trained to use CT skills when reading L2 texts (e.g., Marin et al., 
2017). In this respect, developing a CT test for EFL learners is significant for assessing 
these skills, as this type of test is currently scarce.

To this end, first in the pilot study, we conducted a validation study for the ECTT and 
extracted three factors through exploratory factor analysis (EFA). However, the par-
ticipants were relatively homogeneous in their English levels as indicated with a small 
standard deviation of the TOEIC IP, and their number was small (N = 81) for investi-
gating the factor structure using structural equation modeling. Compensating for these 
points, the current study attempts to obtain further validity evidence for the use of the 
ECTT to assess the intended L2 CT skills of more heterogeneous EFL learners. In addi-
tion, since the ECTT is an English reading test, it needs to be clear whether it is a CT 
test or an English test. Thus, the following RQs are addressed:

RQ1. Is the difficulty of ECTT items appropriate for the target EFL learners?
RQ2. What is the internal structure of the ECTT?
RQ3. How are ECTT scores correlated with Japanese Critical Thinking Test (JCTT) 
and English proficiency test (EPT)?
RQ4. Do participants answer ECTT items based on the skills we intended?

Method
Participants

A total of 262 Japanese EFL learners from three universities participated. Most of the 
students were freshmen but some were sophomores, and their majors were diverse, 
including engineering, economics, and literature. They took the same EPT to compare 
with students in the pilot study. The EPT comprises 24 items (10 vocabulary, 6 grammar, 
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and 8 reading comprehension items), which were taken from a Test of English for Inter-
national Communication (TOEIC) practice test, and 2nd and pre-1st grade EIKEN 
prep-tests, the item levels of which were at CEFR B1 (EIKEN Foundation of Japan, 
2022). EIKEN tests are one of the most popular and widely used commercial English 
proficiency tests in Japan. Based on the average and standard deviation of EPT score 
(M = 12.13 (51%), SD = 4.90), the range of the learners’ English levels were found to be 
wider than that of the participants in the pilot study (M = 16.20 [67%], SD = 3.50). This 
indicates some improvement in sample heterogeneity, which was a concern in the pilot 
study.

Materials

English Critical Thinking Test

The ECTT was originally constructed based on the authors’ specifications (year) 
(Table 1). Items with poor discrimination at less than rpb = .30 were eliminated based 
on the suggestion by Fulcher and Davidson (2007) that items are acceptable if they have 
an rpb of around .25 or greater. Consequently, 30 items (14 for consistency, 8 for analysis, 
and 8 for inference skills) were examined here (see Additional files 1, 2, and 3).

Japanese Critical Thinking Test

To examine the participants’ L1 CT ability and specifically compare it to their L2 CT 
ability, a Japanese CT test (JCTT) was developed based on the specification used for the 
ECTT. The JCTT comprises 20 items (6 for consistency, 7 for analysis, and 7 for infer-
ence), which were mainly taken from or referred to past Synthetic Personality Inventory 
tests, an aptitude examination that many university students in Japan must take during 
the recruitment process (Recruit, 2022).

Questionnaire

To make it clear what skills each CT item measures (RQ4), a questionnaire (Table 2) was 
inserted under each ECTT item. Every time participants answered an ECTT item, they 
chose skills they thought they used out of eight options (from the most necessary skills 
to less, up to three skills).

The skills included in the questionnaire (Table 2) were, based on the theory (i.e., the 
CT process and the reading literacy framework in OECD), ECTT target constructs 
(i.e., coherence, cohesion, analysis, and inference) and language knowledge and skills 
(i.e., reading comprehension, vocabulary, and grammar). The explanation shown in the 
Table 2 describes each construct’s main characteristics. One skill, creativity, was added 
to the option list, although the ECTT was not intended to measure it. The reason for 
inclusion is that it is relevant to inference skills (e.g., Anderson et  al., 2001), and we 
wanted to judge how students perceived the inference items. Lastly, there was an option 
to choose others, in which the participants could write skills other than the abovemen-
tioned choices.

Procedure

Participants took EPT, ECTT, and JCTT in English courses to enhance their CT skills. 
While taking ECTT and JCTT, the students could take notes to think or calculate. In 
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the pilot study, it took them more time to solve each ECTT item than a regular English 
reading item, such as an EPT reading passage. Thus, in the present study, we divided the 
ECTT items into four sets and JCTT items into two sets and administered them sepa-
rately once a week for 6 weeks to avoid test-takers’ mental fatigue. All the tests were pro-
vided on learning management systems, Manaba or Moodle, for automatic calculation.

Results
Item analysis

To examine whether the items functioned properly for RQ1, item analysis was conducted 
using a correct response (CR) rate and a point-biserial correlation coefficient (rpb). The 
CR rate is the percentage of CRs of an item and indicates its difficulty. The one between 
30 and 70% is acceptable as a test (Brown, 2013). Since the number of items in each sec-
tion differs, the mean CR rate can be used to compare the difficulties of the three sec-
tions. The results of the CR rates for the consistency, analysis, and inference sections 
were 57, 52, and 47%, respectively (Table 3), which were all within the acceptable range.

Table 2  A questionnaire inserted after every ECTT item
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The point-biserial correlation coefficient was used to examine the item discrimination, 
which is the correlation coefficient between the individual items and the overall score. 
As mentioned in the “Materials” section, all the items used for further analysis meet the 
criterion of rpb = .30 or more.

The Cronbach’s alpha of the whole test (i.e., 30 items) was .79, which was sufficiently 
high for internal consistency reliability. When observing each CT section, Cronbach’s 
alpha for 14 consistency items was the highest among the three sections (α = .70), and 
the mean difficulty of the sections was 57%, with items ranging from 33 to 75%. The 
analysis section had the reliability of α = .52, and the mean CR rate of 52%, ranging from 
25 to 72%. However, the reliability for the eight inference items was the lowest (α = .38). 
The CR rate of this section was also the lowest at 47%, but the items widely ranged from 
23 to 81%.

Table 4 presents the descriptive statistics of the three tests. The easiest test for the stu-
dents was JCTT (62%), followed by ECTT (53%), and EPT (51%). A repeated-measures 
one-way analysis of variance (ANOVA) was conducted to compare the difficulty of the 
three tests. The results showed that the ECTT (53%) was significantly more difficult than 
the JCTT (62%, p < .001), but was not statistically different from EPT (51%, p = .09).

Table 3  Percentages of correct responses and point-biserial correlation coefficients of the three 
skills’ items

CR correct response, rpb point-biserial correlation coefficient

Consistency C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 M

% of CR 75 67 66 33 44 62 43 74 56 67 51 50 73 33 57
rpb .42 .60 .46 .43 .45 .45 .52 .45 .43 .48 .49 .43 .38 .35

Analysis A1 A2 A3 A4 A5 A6 A7 A8 M

% of CR 57 64 72 68 40 25 45 46 52
rpb .45 .48 .56 .62 .30 .48 .51 .44

Inference I1 I2 I3 I4 I5 I6 I7 I8 M

% of CR 23 35 32 29 81 76 69 32 47
rpb .31 .55 .49 .41 .35 .45 .43 .45

Table 4  Descriptive statistics of ECTT, JCTT, and EPT

k number of items, CR correct response, rpb point-biserial correlation coefficient

ECTT (k) Consistency (14) Analysis (8) Inference (8) Total (30)

Mean SD Mean SD Mean SD Mean SD

Score 7.95 3.02 4.17 1.82 3.75 1.54 15.87 5.13

% of CR 57 21.55 52 22.8 47 19.73 53 17.11

JCTT (k) Consistency (6) Analysis (7) Inference (7) Total (20)

Mean SD Mean SD Mean SD Mean SD

Score 4.08 1.29 4.62 1.66 3.73 1.72 12.43 3.67

% of CR 68 21.52 66 23.74 53 24.53 62 0.35

EPT (k) Vocabulary (10) Grammar (6) Reading (8) Total (24)

Mean SD Mean SD Mean SD Mean SD

Score 5.15 2.19 2.16 1.64 4.82 1.97 12.13 4.9

% of CR 52 21.89 36 27.32 60 24.65 51 20.41
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We further examined whether the three sections of the ECTT and JCTT were signifi-
cantly different in difficulty, with a two-way repeated ANOVA: one independent variable 
was language (English and Japanese) and the other was CT skill (consistency, analysis, 
and inference). As a result, there was no significant interaction, but significant main 
effects of language existed (F (1, 202) = 61.22, p < .001, ηp

2 = .23) and CT skill (F (2, 404) 
= 62.93, p < .001, ηp

2 = .24). The post hoc test (Table 5) showed that, except for the dif-
ferences between consistency and analysis in both ECTT (57% and 52%) and JCTT (68% 
and 66%), all the differences across the sections were significant at p < .05. Thus, infer-
ence turned out to be significantly more difficult than the other two skills in both tests.

Factor analysis

Next, to examine RQ2, we conducted exploratory factor analysis (EFA) to find the inter-
nal factor structure of the ECTT using R (R Core Team, 2019). We chose the diagonally 
weighted least squares (DWLS; Jöreskog & Sörbom, 1996) as an estimation method 
because it can treat the observed dichotomous data and is robust for multivariate nor-
mality (Forero et  al., 2009; Mîndrilă, 2010). As a factor rotation method, we used the 
oblique geomin rotation because it has recently been recommended for complicated fac-
tor solutions (e.g., Hattori et al., 2017).

To determine the number of factors in the ECTT, we conducted parallel analysis based 
on the squared multiple correlations (SMC method) and Velicer’s minimum average 
partial (MAP) test. Based on the Hori’s (2005) recommendation, we performed a series 
of EFAs, decreasing the number of factors extracted from six factors (suggested by the 
SMC method) to one factor (suggested by the MAP test). Items were removed from the 
model if they did not have primary factor loadings of .30 or higher, or if the items loaded 
on more than one factor; based on this criteria, 11 items (i.e., A1, A2, A5, I1, I4, I5, I7, 
C5, C6, C13, and C14) were excluded. As a result, the two factors solution was the most 
interpretable (Table 6). The first factor consists of all analysis and inference items, except 
for one consistency item with the lowest loading. Thus, the first factor was named Anal-
ysis and Inference (A and I). The second factor consists of only consistency items; thus, it 
was named the Consistency factor. The cumulative proportion of variance explained was 
32%, and the factor correlation was .45.

Table 5  Post hoc comparisons between three CT skills in each ECTT and JCTT​

* p < .05; ***p < .001. E = English; J = Japanese; d = Cohen’s d; p-values and confidence intervals were adjusted using the 
Bonferroni method

Mean 95% CI

Comparison difference SE Lower Upper t p d

E.Cns E.Anl 4.70 1.67 −0.23 9.63 0.058 .077 .21

E.Inf 9.87 1.67 4.94 14.80 5.90 < .001*** .48

E.Anl E.Inf 5.17 1.67 0.24 10.10 3.09 .031* .28

J.Cns J.Anl 1.97 1.67 −2.96 6.90 1.18 1.000 .09

J.Inf 14.64 1.67 9.71 19.57 8.74 < .001*** .63

J.Anl J.Inf 12.67 1.67 7.74 17.60 7.57 < .001*** .53
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SEM for ECTT​

We also examined whether the factor structure of ECTT fit the three-factor or two-fac-
tor structure using structural equation modeling (SEM) with the lavaan package (Ros-
seel, 2012) in the R environment. The model fit was checked by a comparative fit index 
(CFI) of .90 or above and a root mean square error of approximation (RMSEA) of .08 or 
below (Browne & Cudeck, 1993). The sample size exceeded 200 (i.e., 203 observations in 
this study), which is considered “large” according to Kline’s (2005) guidelines.

We first tested a three-factor model in which the three CT skills correlate with each 
other, and each item reflects its measuring CT skill, using the DWLS estimation method 
for the same reason as the EFA mentioned above. The result of this initial model fit the 
data well with CFI = 1.00, RMSEA = 0.00 [0.00, 0.03], but revealed that the correla-
tion between ECTT analysis (E_Anl) and inference (E_Inf ) was too high (r = 1.07). This 
might be because the mathematical behavior of the two latent variables is quite similar, 
causing a problem with the model specification. Thus, we decided to merge them into 
one as E_A&I and tested a two-factor model whose factors correlated with each other. 

Table 6  Exploratory factor analysis of ECTT​
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Since the paths from “E_A&I” to item A5 (β = .08, p = .117) and I1 (β = .10, p = .085) 
were not significant, the two items were excluded from the model. As a result, the model 
shown in Fig. 2 fits the data reasonably well, where CFI = 1.00, RMSEA = 0.00 [0.00, 
0.03].

SEM for JCTT​

We also examined the factor structure of the JCTT using the same procedure as that 
of ECTT. As a result, similar to the case of the ECTT, the three-factor model fit the 
data well with CFI = 1.00, RMSEA = 0.00 [0.00, 0.03], but a high correlation (r = .93) 
between the JCTT analysis (J_Anl) and inference (J_Inf ) was detected. Thus, we con-
structed a two-factor model, that is, Consistency and “Analysis and Inference,” which 
showed a reasonable fit to the data, with CFI = 1.00 and RMSEA = 0.00 [0.00, 0.03] 
(Fig. 3). Thus, the internal factor structures of ECTT and JCTT were found to be quite 
similar even though the languages used in the tests were different.

SEM for all three tests

Next, to examine RQ3, we tested a model that included the total scores of each section 
of the ECTT, JCTT, and EPT and the corresponding latent variables named “L2 Criti-
cal Thinking skills (L2CT),” “L1 Critical Thinking skills (L1CT),” and “L2 Reading Lit-
eracy (L2RL),” assuming correlations among the three latent variables. In this analysis, 
to avoid an excessive increase in model complexity, the total scores of the constructs in 
each test were used as observed variables. As univariate and multivariate normality were 

Fig. 2  Final two-factor correlated model of ECTT. Notes. All the estimates are standardized and significant (p 
< .001); E_A&I = ECTT Analysis and Inference, E_Cns = ECTT Consistency. χ2 (349) = 346.88, p <.001, GFI = 
.86, AGFI = .84, SRMR = .10, CFI = 1.000, RMSEA= .00 [.00, .03]
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confirmed for the data, the maximum likelihood (ML) method was used for parameter 
estimation.

The results showed a good fit to the data, with CFI = .99 and RMSEA = .05 [.00, .10] 
(Fig. 4). The model indicates similar strengths of relationships with each latent variable, 
but L2CT was more closely related to L2RL (r = .64) than to L1CT (r = .55). In both 
ECTT and JCTT, the path coefficients from L1CT to J_A&I (β = .93) and from L2CT 
to E_A&I (β = .80) were larger than those from J_Cns (β = .45) or E_Cns (β = .64). This 
may indicate that analysis and inference influenced CT skills more than consistency.

Fig. 3  Final two-factor correlated model for JCTT. Notes. All the estimates are standardized and significant (p 
<.001); J_A&I = JCTT Analysis and Inference; J_Cns = JCTT Consistency. χ2 (169) = 167.64, p = .53, GFI = .90, 
AGFI = .88, SRMR = .11, CFI = 1.000, RMSEA = .00 [.00, 03]

Fig. 4  Three-factor correlated model. Notes. All path coefficients are standardized and significant (p <.001); 
L2CT = L2 critical thinking; L1CT = L1 critical thinking; L2RL = L2 reading literacy. χ2 (11) = 16.79, p = .114, 
GFI = .98, AGFI = .94, SRMR = .03, CFI = 0.86, RMSEA = .051 [.00, .10]
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Questionnaire survey

Lastly, we investigated whether the skills used by test-takers were aligned with the 
authors’ expectations to answer RQ4. Since each item measures complicated CT skills 
and English abilities, we allowed them to choose three out of eight options or write 
freely. Participants ranked the three selected skills based on subjective importance they 
perceived when answering each item. For the sake of calculation, three points were given 
to the most needed skill, two points to the second-most needed, and one point to the 
third. The total scores for each option were then divided by the number of responses.

Figure 5 shows the proportion of skills that participants felt they used to answer the 
items. As expected, among the skills used in the consistency items, coherence and cohe-
sion skills accounted for 53%, followed by reading comprehension (18%). This suggests 
that the participants needed to read connections and logicality between the sentences or 
paragraphs carefully when they dealt with consistency items. As for the analysis items, 
analysis skills were chosen as high as 37%, indicating that the participants analyzed texts, 
tables, or figures to retrieve necessary information. In addition, the percentages of infer-
ence (23%) and creativity (9%) were also chosen, which suggests that students made 
some inference or used imagination when they answered these items.

The results of the inference items, however, were somewhat different. In addition to 
inference skill (22%), other CT skills such as analysis (16%) and coherence and cohesion 
(23%) were also used equally. This indicates that inference items may require a series 
of multiple skills, such as sorting and evaluating information after understanding the 
logical structure of sentences. In addition, some students felt they used creativity (7%) 
though it was not an intended skill for the inference items. Lastly, regardless of any CT 
skills items, reading skills and some grammar and vocabulary knowledge were consist-
ently used, which was a reasonable result as ECTT is an English reading test.

Discussion
To develop an English CT test for EFL learners, the current study examined the validity 
of the ECTT, with the following four RQs:

First, regarding RQ1 (Is the difficulty and reliability of ECTT items appropriate for tar-
get EFL learners?), the test was reasonably challenging for the target EFL learners, as 

Fig. 5  Percentages of skills participants felt they needed to respond to the items in each section of ECTT​
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their total correct response was 53%, which is an ideal difficulty of a test for the target 
learners (Brown, 2013). In addition, item difficulties of ECTT ranged widely from 23 to 
81%, which covered the variability of participants’ CT and English proficiency levels. In 
addition, the criterions of rpb values (Fulcher & Davidson, 2007) for all the items were 
acceptable. Thus, the statistical characteristics of the ECTT items seem to be appropri-
ate for the target EFL learners.

However, as expected, ECTT (53% of CR) was found to be significantly more difficult 
than JCTT (62%) for Japanese participants. This result accords with Floyd (2011) in that 
students’ low L2 ability depressed CT performance in L2 compared to their CT perfor-
mance in L1 because cognitive resources are consumed so much before they evaluate 
the content critically because of lack of L2 proficiency. As noted, the item difficulties 
across the three CT sections of the ECTT and JCTT had a similar tendency. The correct 
responses decreased from consistency and analysis to inference in ECTT (57, 52, and 
47%, respectively) and JCTT (68, 66, and 53%), which may also be an indication of differ-
ent levels of CT skills. Thus, regardless of L1 or L2, higher levels of CT skills (e.g., infer-
ence) seem to be more difficult than lower levels of CT skills (e.g., consistency).

While the difficulty would be appropriate for the present participants, Cronbach’s α 
in each construct varied. The result revealed that Cronbach’s α in Consistency was .70, 
but the coefficients in Analysis and Inference were relatively low (α = .52 and α = .38). 
A similar tendency was observed in the pilot study (Authors, year), in which the internal 
consistency of each section was α = .61 for Consistency, α = .52 for Analysis, and α = .40 
for Inference. This decreasing tendency of the internal consistency reliabilities may also 
indicate that as the level of the CT process advances, more complex cognitive abilities 
are necessary (Khamkhong, 2018). In other words, owing to multiple variables involving 
the success or failure of each item, it seems difficult to achieve high internal consist-
ency reliability for high levels of CT skills. Frisby (1991) noted that validity-related coef-
ficients tend to become low based on the complexity and many dimensions of CT. For 
the same reason, other CT tests, such as the Cornell test and the Watson-Glaser test, 
may fail to detect distinct CT skills and reported low reliability of some subtests (Miller, 
1992). Therefore, as pointed out earlier (Insight Assessment, 2022; Reid, 2000), we need 
to secure a sufficient level of reliability of the total ECTT items (α = .79) and use it as a 
whole, not use each CT section separately.

Next, we examined RQ2 (What is the internal structure of the ECTT?), using EFA and 
SEM, and confirmed that both ECTT and JCTT fit to a two-factor model (“Analysis & 
Inference” factor and “Consistency” factor). There may be three reasons for not separat-
ing the analysis and inference items in the ECTT.

First, the difference between consistency and the other two skills would be much larger 
than the difference between the analysis and inference skills for the current participants. 
Consistency items may be at the lower level of CT skills and use “content primarily from 
within the text” in the reading literacy framework (Organization for Economic Co-
Operation and Development (OECD), 2017; Fig. 1), while analysis and inference items 
both require students to “draw primarily upon outside knowledge,” as in the latter phase 
of the framework. Looking into consistency items, students had to pay attention to dis-
course markers of the text and its content to arrange sentences in a logical order or fill 
in the blank cohesively. By contrast, analysis and inference items require students to not 
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only pay attention to text information but also make judgments or produce reasonable 
solutions or figures by synthesizing text information (Khamkhong, 2018). This difference 
probably made Analysis and Inference the same factor and Consistency as the other.

Second, the specification on Analysis and Inference items (see Table  1) may not be 
clearly distinguished, so the constructs these items measure may overlap. For example, 
even though analysis items relate to charts and tables and involve some calculations, 
manipulating information is common for the inference items. In fact, the questionnaire 
revealed that participants felt that the Analysis items needed inference skills as much as 
inference items (see Fig. 5).

The third cause may stem from participants’ low English abilities (EPT = 51% of CR). 
It is assumed that some participants may not interpret texts deeply to display the CT 
skills required by analysis or inference items. In other words, the differences in CT abili-
ties might be undermined to some degree in the present study. This result is in line with 
Just and Carpenter (1992), Floyd (2011), and Manalo and Sheppard (2016), who found 
that EFL learners must first comprehend the text to produce something, but their L2 
ability significantly influenced their display of higher-level CT ability.

Regarding RQ3 (How are ECTT scores correlated with JCTT and EPT?), moderate 
correlations between the ECTT and EPT (r = .64) and between the ECTT and JCTT (r 
= .55) indicate that the ECTT variance can be explained by English ability (r2 = .41) and 
CT skills (r2 = .30) and also that participants with high CT ability may also have high 
English reading ability, and vice versa. Since the ECTT is a test written in English, it is 
reasonable to assume that the ECTT is closely related to the EPT. The results are also 
similar to previous studies that have examined the relationship between academic Eng-
lish language proficiency and CT (e.g., Grosser & Nel, 2013; Manalo & Sheppard, 2016).

Furthermore, the ECTT was shown to be related to the JCTT, which was created in 
Japanese with the same constructs of the ECTT. In other words, it can be said that peo-
ple with high CT performance in Japanese may also have high CT performance in Eng-
lish (and vice versa). However, the results of only moderate correlation between ECTT 
and JCTT (r = .55) and the CR rate of ECTT (53%) being significantly much lower than 
that of JCTT (62%) are the clear indications of the influence of L2 ability on the perfor-
mance of CT (Luk & Lin, 2015; Nel & Nel, 2012).

From a pedagogical perspective on the closer relationship between ECTT and EPT 
and the gap between ECTT and JCTT scores, utilizing such L2 CT tests may provide 
an opportunity to train EFL learners to read the text deeply and critically and raise both 
English ability and CT ability. Zare et al. (2021) discussed the idea of dynamic assess-
ment, that is, assessing EFL learners’ CT skills and nurturing their English reading abil-
ity, and reported positive results on both assessments and the development of learners’ 
reading performance. Another aspect of dynamic assessment is that the process itself 
is important, adjusting an individual’s learning stage. Owing to such benefits, dynamic 
assessment has gained attention from other researchers (Poehner et al., 2015; Poehner & 
Lantolf, 2013).

In our case, for example, using the ECTT analysis section not only as a test but also 
as a teaching material, teachers can train students to enhance CT skills in evaluating 
textual evidence, and simultaneously, the students learn deep and critical reading skills 
(Brown et al., 1981). In addition, for those requiring additional help, teachers can flexibly 
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provide supplementary reading materials or questions focusing on the specific CT skills 
the learners need to strengthen.

Finally, concerning RQ4 (Do participants answer ECTT items based on the skills we 
intended?) overall, the proportion of the skill we had intended was the largest in each 
section, but at the same time, it reflected the degree of complicated cognitive levels. The 
most straightforward items were found to be consistency items because the participants 
felt that they used consistency-related skills such as coherence and cohesion abilities 
(53%) in these items.

As for the analysis items, as expected, analytical skills (37%) were used most, followed 
by inference skills (23%). However, the proportion of the inference skill was as large as 
that of the Inference section (22%). This may indicate that analysis skill is a construct 
related to the foundation of inference in the process of CT and that inference may natu-
rally occur after the text is analyzed and understood. This close relationship of analysis 
and inference skills can also be the evidence why the analysis and inference constructs 
formed one factor in the EFA and the SEM.

The most complicated skill was inference. Unlike the other two skills, it seemed to 
require all types of skills with similar proportions (see Fig.  5). Even though inference 
skill was used the most (22%), other CT skills were equally necessary. In addition, the 
proportion of English skills and knowledge (i.e., reading 19% and vocabulary 9%) was 
the greatest among the three sections, which indicates that deep reading was carried 
out to enhance comprehension. Inference skills correspond to the inference part of the 
critical thinking process. When inference activity is performed, participants must draw 
objective conclusions from multiple examples and results and derive reasonable solu-
tions from several assumptions. Analytical skills are inevitably required to understand 
the results and assumptions written in numbers and letters. Hence, it is likely that infer-
ence items require a variety of skills. From these results, it was found that the students 
activated a variety of skills and knowledge to solve the inference items. In that sense, the 
inference is a higher-order comprehensive skill in the process.

Interestingly, some participants felt that they used “creativity” in the analysis (9%), fol-
lowed by the inference items (7%). The result of such small percentages was not surpris-
ing since the ECTT is a multiple-choice format test, not a performance test, and the 
items had not been intended to measure creativity. Even so, the fact that test-takers felt 
they used creativity to answer the items can be a piece of positive washback or an indi-
cation of active reading since creativity is one of the most important skills to acquire 
when dealing with problems. According to Finke et al. (1992), creativity involves flexible 
thinking and can be used in problem-solving strategies to generate novel insights and 
solutions, and it is placed at the highest level of cognitive activity (Anderson et al., 2001).

Conclusion
Considering the recent emphasis on nurturing CT skills in the globalized information 
age, this study examined the validity of the ECTT, a newly developed CT test, for the 
use of EFL learners. As a result, we identified the following important points and impli-
cations. First, the reliability of the whole test was sufficiently high, and the level of the 
ECTT was appropriate for upper secondary and university students of English in Japan. 
Therefore, we were able to enhance the generalizability of the test result. In other words, 
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the test can measure such students’ CT skills reliably, so that it may help teachers diag-
nose their CT skills and choose appropriate instructions to enhance them. Second, the 
ECTT measured both CT skills and L2 proficiency (i.e., L2 literacy), but had a stronger 
relationship with L2 proficiency than CT skills for the current participants. Thus, to 
develop CT skills in English, students need to improve English proficiency accordingly. 
In this regard, teachers should work on both CT skills and English proficiency in English 
class, choosing appropriate materials that can train both, such as ECTT. Third, test-tak-
ers’ most needed skills were aligned with the skills we intended to measure, and higher-
order CT skills require them to use a greater variety of skills. This is strong evidence that 
ECTT is a valid test, and the test results can be interpreted as such.

However, the study also poses some challenges with regard to creating items that 
measure higher-order CT skills. We could not obtain a sufficient level of internal consist-
ency of the inference section, nor could we separate the inference and analysis sections 
as separate factors. One reason is that CT skills may be hierarchical or semi-hierarchical 
and, because of that, such higher-order CT skills require multiple sub-CT skills, which 
makes it harder to extract pure constructs. Therefore, to obtain a reliable score, it is bet-
ter to use the test as a whole (e.g., Reid, 2000) or combine various levels of CT skills. 
Another limitation of this study was that we made a Japanese CT test to compare with 
ECTT, instead of using existing CT tests. This is because we wanted to make a specific 
comparison with ECTT, but the result may lack extrapolation in the validity argument 
(e.g., Chapelle et al., 2015). Therefore, in the future, some comparative research between 
the ECTT and the other external English CT tests is necessary.

In addition, the washback and diagnostic functions of the ECTT should be examined, 
as the test is different from conventional English tests. In accordance with the dynamic 
assessment idea (e.g., Brown et al., 1981; Zare et al., 2021), ECTT can be recommended 
for use in English Medium Instruction (EMI) programs or in English for Academic Pur-
poses (EAP) courses. Students who may read critically in their L1 may not necessarily 
do so in their L2; thus, it is worthwhile to utilize this type of test to raise awareness of 
CT skills and for assessment purposes. It can also be used as an EAP placement test to 
estimate the kinds of CT-related activities that need to be integrated in the course. In 
response to the current demand for cultivating students’ CT skills in English education, 
classroom teachers may want to introduce practices and tests that develop students’ CT 
skills. In this regard, this study hopes to provide a significant contribution to the evalua-
tion of CT skills in the context of EFL education.
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