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Abstract

The development of critical thinking (CT) is essential for students to participate
effectively in a modern society. Still, studies show a lack of clarity of concepts, used
methods and measures of intervention. This review focuses on measurement
instruments used in critical thinking interventions, evaluating their psychometric
properties. A literature search was conducted in three scientific databases - Scopus,
Web Of Science, PubMed. The data were systematically retrieved in two phases by
two independent researchers following the PRISMA flow diagram. Overall, 13 studies
were included in the final analysis. The most frequently used instruments were the
California Critical Thinking Skills Test (CCTST) (Facione, 1990) for assessing skills
and the California Critical Thinking Disposition Inventory (CTDI) for dispositions.
The review also identified a concerning trend of poor psychometric reporting across
studies.
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1 Introduction

Critical thinking

Three primary approaches: philosophical, psychological, and educational, introduced
by Sternberg (1986), define critical thinking (CT). Earlier philosophical definitions
by Dewey (1933) emphasized the cognitive aspect of critical thinking, portraying it
as a skill, a set of skills, a mental procedure, or simply rationality. However, Ennis's
work (1962) significantly advanced our understanding by introducing the
motivational aspect. The APA Delphi Report (1990) defines it as the disposition to
CT, including "the ...motivation of a person to think and his honesty when facing
bias."”

The last century witnessed a surge in interest in improving critical thinking skills,
particularly within nursing education. A recent review by Schoute and Alexander
(2023) revealed that most CT intervention programs have been conducted in nursing,
pedagogy, and psychology. Strong communication is crucial for nurses to effectively
interact with patients, colleagues, and other healthcare professionals (Mohebbi et al.,
2022). CT and observation skills are paramount for accurate patient diagnosis and
assessment, especially when nurses encounter unexpected situations (Bas et al.,
2022). These skills are essential for nurses to navigate complex healthcare
environments and provide effective patient care (Carvalho et al., 2020; Cheng et al.,
2020). In the field of pedagogy, focus on critical thinking is as important a learning
outcome, rather than the definition of a concept, with varying interpretations (Song
& Cai, 2024; Nelson et al., 2018). Regardless of the specific approach, critical
thinking remains valuable for students in higher education (Taghinezhad & Riasati,
2020). Psychology views CT as encompassing cognitive, attitudinal, and
metacognitive components that work together for sound critical thinking
performance (Rivas et al., 2022).

Critical thinking (CT) is fundamental for effective participation in modern society,
but teaching it is challenging (Ku, 2009). Psychologists worldwide have studied CT
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and developed assessment methods. However, the multifaceted nature of critical
thinking makes measurement a challenge (Ennis, 2003). As Evans (2020) suggests,
the definition of CT determines how it's measured.

How is critical thinking typically measured or assessed?

Critical thinking presents a complex challenge for assessment. It is a multifaceted
construct encompassing domain-specific and generalizable elements, integrating both
cognitive abilities, exemplified by skills in argument analysis and evaluation, and
dispositional factors (Facione, 1990; Evans, 2020), such as intellectual openness and
reflectivity (Sosu, 2013). While proficiency in the procedural aspects of critical
thinking is essential, the absence of a corresponding disposition to engage these
skills in relevant contexts precludes an individual's classification as a critical thinker
(Butler, 2024). Two primary assessment instruments are employed when assessing
CT, regardless of intervention: standardized tests and performance-based
assessments. Examples of standardized tests include the Watson-Glaser Critical
Thinking Appraisal Test (Watson & Glaser, 1980) and the California Critical
Thinking Skills Test (Facione, 1990), and instruments like the California Critical
Thinking Inventory assess critical thinking dispositions (Facione, 1992).
Performance-based assessments are particularly well-suited to gather evidence of
students' development in applying critical thinking skills and dispositions (Ku, 2009;
Schoute & Alexander, 2023).

In defining the concept of critical thinking, the desire to measure both cognitive
skills and dispositions necessitates careful consideration of the test format (Lai,
2011). The lack of appropriate assessment tools that can demonstrate the growth of
students' critical thinking skills hinders the evaluation of the effectiveness of critical
thinking enhancement programs (Ku, 2009). While comprehensive reviews exist on
CT in general (Lai, 2011; Butler, 2024), CT interventions (Tiruneh et al., 2014; Puig
et al., 2019; Schoute & Alexander, 2023), and methods for capturing CT (Liu et al.,
2014; Evans, 2020), there is a notable gap in the literature specifically focused on the
measurement of critical thinking within intervention programs. A systematic review
by Schoute and Alexander (2023) highlights the growing interest in critical thinking
interventions over the past decade, making this review particularly timely and
relevant. This review aims to identify and analyze assessment tools for evaluating the
impact of critical thinking intervention programs in three areas (nursing, pedagogy,
and psychology). The psychometric properties of these tools will be thoroughly
assessed. Specific research question is: What instruments measuring critical thinking
are used when evaluating intervention, and what are their psychometric
characteristics, and how they capture the specific concept of CT?

2 Methods

Design

A literature review was conducted according to Grant et al. (2009) publication,
which described literature review as providing an examination of recent or current
literature, and the PRISMA checklist (Page et al., 2021).

Eligibility criteria and search strategy

The search included all studies published in the last decade meeting predefined
criteria: 1. published from January 2014 to March 2024; 2. published as an article; 3.
written in English; 4. quantitative research design; 5. university/college students; 6.
The used instrument must be mentioned in the Abstract. Exclusion criteria were: 1.
other types of publications (reviews, etc.), 2. qualitative or mixed-methods used.

A search was conducted in three scientific databases — Scopus, Web of Science,
PubMed — on 27th March 2024. The databases were selected based on their
institutional availability. In all three databases, the same key terms were used in



search queries: ((student*) AND (college* OR universit*)) AND ((critical thinking
OR critical thinking skill* OR critical thinking disposition* OR analytical thinking
OR systematic thinking OR cognitive maturity OR creativity thinking OR
judgement* OR decision-making OR decision making OR reasoning OR critical
reasoning OR critical thinking process* OR metacognition* OR non-routine thinking
OR evaluative thinking OR unsubstantiated belief* OR truth seek*) AND
(instrument* OR scale* OR measure* OR tool* OR questionnaire* OR survey*))
AND ((intervention* OR program* OR course)). The search was limited to articles
at the title/abstract/keywords level, written in English. A total of 4341 papers were
found that matched the stated criteria (1778 from Scopus, 2158 from Web of
Science, 405 from PubMed).

Study Selection PRISMA flow diagram

The data were systematically retrieved in two phases by two independent researchers
(BK, TS), following the PRISMA flow diagram (Figure 1). In both phases program
Rayyan QCRI (http://rayyan.qcri.org) was used. After removal of duplicates (1277),
a total of 3064 studies were analyzed using titles, abstracts, and inclusion criteria in
the first phase. In the second phase, a total of 18 studies were examined further by
reading full-texts (5 of the studies did not provide assessable full-text) until
agreement between two independent researchers was achieved. Overall, 13 studies
were included in the final analysis.

Records identified through
database searching (n=4341)

I

Records after duplicates removed

(n=3064)

I Records screened (n=18) ‘ .{ Records excluded (n=3046)
Full-text articles assessed for Full-text articles excluded, with
eligibility (n=13) ™ reason (n=5)

]

Studies included in qualitative
synthesis (n=13)

Figure n.1: Flow diagram according to PRISMA

Evaluation of the quality of articles and data extraction

The quality of inclusion was carried out by two independent researchers, using the
spreadsheet of their own design (see data extraction). Two independent researchers
achieved agreement during the quality evaluation (as recommended in Writing a
Psychology Literature Review, 2010). The researchers extracted the following
information from the studies: name, author, and year, area of assessment, number of
interventions, basic information about intervention, area of research, psychometric
information about instrument: number of items, subscales, maximum possible score,
type of scale used when answering, reliability, and validity. The synthesis of the data
was narrative and tabular.

3 Results
Research question: What instruments measuring critical thinking are used when
evaluating interventions, and what are their basic and psychometric characteristics?
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The literature review identified several instruments

(Table 2).
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Table n.1: Overview of instruments measuring intervention effect on critical
thinking
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Most instruments were published after 2000 (Semerci, 2016; Ankaraligil, 2009;
Ricketts, 2003; Saiz & Rivas, 2008; Starkey, 2010; Miranda, 2003; Santiuste-
Bermejo et al., 2001). Only four instruments predate 2000 (Facione et al., 1994;
Facione, 1990; Yeh, 1998; Ennis & Weir, 1985).

Five instruments focused on measuring critical thinking skills (Saiz & Rivas, 2008;
Starkey, 2010; Facione, 1990; Santiuste-Bermejo et al., 2001; Ennis & Weir, 1985).
Four instruments focused on dispositions (Semerci, 2016; Ankaraligil, 2009;
Ricketts, 2003; Facione et al., 1994). One instrument measured both critical thinking
intentions and skills (Yeh, 1998), and one did not specify its area (Miranda, 2003).
Only two instruments in this review were used in more than one intervention: the
California Critical Thinking Disposition Inventory (CCTDI) (Facione et al., 1994) (n
= 2) and the California Critical Thinking Skills Test (CCTST) (Facione, 1990) (n =
3). Solovyeva, Tapalova, and Smirnov (2023) reported using the CCTDI, but their
methodology and results aligned more with the CCTST. Therefore, we classified this
study under the California Critical Thinking Skills Test category.

The reviewed studies were conducted primarily in Asia (n = 8). Only two studies
originated from Spain (Europe). The remaining studies were conducted in South
America (n = 2) and the USA (n = 1). As mentioned in the introduction, the included
studies originated from three main areas, with nursing studies being the most
common (n=7).

When considering psychometric information, the number of items in instruments
assessing dispositions ranged from 25 to 75. Instruments assessing skills had 20 to 35
items, and one study did not provide this information (Taghinezhad & Riasati, 2020).
Also, the number of subscales or dimensions for dispositions varied from three to
seven, and for skills, it ranged from two to eight. One study assessing skills did not
provide this information (Song & Cai, 2024). Five studies included information
about the maximum score achievable. Concerning the evaluation description, three
instruments used a five-point Likert scale, while two used a six-point Likert scale.
Three instruments used an open-ended format, one used multiple choice, and another
used a format with one correct option out of four (for skill assessment).

Reliability was a widely reported psychometric characteristic in our review, with
values ranging from 0.51 to 0.99. Two studies (Mohebbi, Mortezaei-Haftador, &
Mehrabi, 2022; Song & Cai, 2024) did not provide information on reliability. Three
studies mentioned both reliability from the original research and their analysis; one
study did not provide this information, and one mentioned another source for
reliability and validity evidence. Only one study mentioned evidence for the test-
retest reliability of the instrument (Rivas, Saiz, Ossa, 2022).

Assessment tools used across different interventions

The Critical Thinking Disposition Scale (CTDS; Semerci, 2016), a 49-item Likert
scale (1-5), assesses five pedagogical dimensions of critical thinking in teachers and
candidates. The original scale demonstrated strong reliability (test-retest r = 0.761,
Cronbach's a = 0.963). In one reviewed intervention (Bas et al., 2022) with nursing
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students (n=141, mean age 21.77 + 0.91 years) aiming to enhance creative thinking
with patients, the CTDS reliability was o= 0.91.

Originating from Ankaraligil's (2009) unpublished master's thesis at Istanbul
University, information on the 25-item, five-point Likert-type Critical Thinking
Disposition Scale (CTDS) comes solely from Kog et al. (2021). The CTDS assesses
five critical thinking disposition sub-dimensions, with higher total and subscale
means indicating stronger disposition. The original study reported a Cronbach's a of
0.86, lacking validity data. In Kog et al.'s (2021) intervention with nursing students
(n=144) on gender role themes, the CTDS Cronbach's a improved in the study group
(0.51 to 0.75) and control group (0.64 to 0.77), suggesting some internal consistency
improvement.

Inspired by Facione et al.'s (1994) CTDI and originating from Ricketts' (2003)
unpublished doctoral thesis, the 33-item Ricketts' Critical Thinking Disposition
Inventory assesses three core self-reported dispositions (o = 0.75-0.89; Ricketts &
Rudd, 2005). Mohebbi et al. (2022) used an adapted version to study the impact of
online learning during COVID-19 on nursing students' critical thinking (n=84, mean
age 20.88 years). A separate study by Pakmehr et al. (2013) confirmed the CTDI's
validity and reliability in Iran, reporting significant subscale and total score
correlations, good item fit in confirmatory factor analysis, and satisfactory split-half
reliability.

The PENCRISAL test (Saiz & Rivas, 2008) assesses reasoning, problem-solving,
and decision-making in critical thinking, demonstrating acceptable internal
consistency (0=0.632) and high test-retest reliability (r = 0.786) in a validation study
with Spanish adults (=715, age 18-53 years). Factor analysis supports its five-factor,
35 open-ended item structure. While showing divergent validity, convergent validity
was not established. Filling a gap for Spanish critical thinking assessment focused on
processes Via real-world scenarios (Rivas & Saiz, 2012), the PENCRISAL was used
to measure the effect of a metacognition-focused intervention in Spanish psychology
students (n=89, mean age 18.93). Internet administration is possible (Rivas, Saiz,
Ossa, 2022).

Originating from Starkey's (2010) book guide, the Critical Thinking Skills Success
Technique includes a 30-item, four-option pre-test (one correct answer), 20 critical
thinking lessons, and a post-test with an answer key. Its theoretical background
assesses specific cognitive skills within a broader critical thinking model. Talov and
Orlova's (2020) study found positive correlations with another critical thinking test,
suggesting potential validity, but reliability evidence was absent. In our review, Song
and Cai (2024) used this technique in an intervention with 60 first-year philology
students at Qigihar University, where participants were randomized into control and
Lumosity experimental groups; however, the study did not report validity or
reliability data for the Starkey technique.

The California Critical Thinking Skills Test (CCTST) (Facione, 1990), based on
Delphi research, assesses core critical thinking skills in college students through 34
multiple-choice items (online/paper-based), measuring 8 dimensions (originally 5).
The updated manual (Facione & Facione, 2016) reports established validity (content,
construct, criterion) and reliability (o > 0.8, KR-20: 0.52-0.77). The most used tool in
our review (requiring purchase), the CCTST was employed in a Brazilian nursing
intervention (Carvalho et al., 2020; n=77) highlighting the potential of high scores
for advanced learning and leadership (no reliability/validity data provided). A
psychological intervention (Solovyeva, Tapalova & Smirnov, 2023; control n=36,
experimental n=36) with psychology and linguistics students, taking 45-50 minutes,
lacked clarity on the specific CCTST version used. A US pedagogical study (Nelson
et al., 2018) explored undergraduate mentoring's link to critical thinking using the
CCTST (no reliability/validity data mentioned).



Developed by Facione et al. (1994) based on the Delphi Report, the California
Critical Thinking Disposition Inventory (CTDI) assesses critical thinking
dispositions through 70 items across seven subscales (truth-seeking, open-
mindedness,  analyticity, systematicity, critical thinking self-confidence,
inquisitiveness, and cognitive maturity). Respondents use a 6-point Likert scale (total
scores 70-420, higher indicating stronger disposition). Requiring purchase and taking
approximately 30 minutes (online/paper-pencil administration), the CCTDI exhibits
high reliability (o = 0.90 overall, subscales 0.71-0.80 in initial study with >1000
students) and strong convergent and divergent validity, with positive and significant
inter-dimension correlations. Found across diverse fields and cultures in this review,
a nursing study (Ke et al., 2023) using a modified version for Chinese students
(n=303) reported good internal reliability (o = 0.85-0.88). Conversely, Taghinezhad
& Riasati (2020) used the CCTDI without reporting reliability or validity data,
limiting generalizability.

The Critical Thinking Task (CTT) test (Miranda, 2003), a Spanish adaptation of the
ETS Test (Erwin & Sebrell, 2003), assesses inquiry, analysis, and communication
via open-ended items scored 0-6 (max 20 points; Miranda, 2010). While a 2003
study reported good internal reliability (o = 0.75) for the inquiry dimension in a
Chilean sample (Miranda, 2003), Palma et al. (2021) found lower reliability (0.47-
0.59) across dimensions. A Chilean psychological study in our review (Cornejo et
al., 2022) focused on inquiry skills using the CTT's 8-item inquiry dimension with
pedagogy students (n=95; experimental n=54, control n=41), likely chosen due to
prior Chilean application, though their own reliability/validity data was not reported.
A study in Taiwan utilized the Taiwan Critical Thinking Disposition Inventory
(TCTDI; Yeh, 1998 in Cheng et al., 2020) to assess critical thinking in nursing
students. The original study by Yeh is not publicly accessible online, limiting
detailed understanding of its questions and scoring.

The CPC2 Critical thinking questionnaire (Santiuste-Bermejo et al., 2001), originally
from an educational practice book, is a 30-item assessment of critical thinking in
reading, writing, listening, and speaking. It evaluates reasoning with evidence
(substantive) and considering opposing viewpoints (dialogic) on a 1-5 scale (1-
2=high difficulty, 4-5=low). The test has high reliability (0.90), though information
is limited by accessibility of the original source (Santiuste-Bermejo et al., 2001, in
Lopez et al., 2020). Used in a nursing intervention with 112 students, the study
(Lopez et al., 2020) advocated for a reflective curriculum to enhance clinical
judgment; however, the instrument's reliability was not tested in this intervention.
The Ennis-Weir Critical Thinking Essay Test (CTET; Ennis & Weir, 1985) is a 40-
minute, open-ended writing assessment for high school and college students,
comprising 9 essays/letters. It evaluates core critical thinking abilities like argument
evaluation and viewpoint defense using a structured scoring system (max. 29 points),
emphasizing logical reasoning (e.g., sound reasons, assumption identification) over
writing mechanics (Ennis & Weir, 1985). The original study reported good content
validity and reliability (0.82-0.86). Taghinezhad and Riasati (2020) used the CTET
in a pedagogical intervention to assess the impact of critical thinking instruction on
medical students' argument analysis and construction, focusing on a philosophical
understanding applying formal logic through writing.

4 Discussion

Literature review focused on instruments measuring the effect of interventions on
critical thinking conducted in the last 10 years, along with their psychometric
characteristics. We identified eleven tools.

These tools primarily focused on critical thinking as skills (Ennis, Weir, 1985;
Facione, 1990; Miranda, 2003; Saiz, Rivas, 2008; Santiuste-Bermejo et al., 2001;
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Starkey, 2010), while others assessed dispositions to critical thinking (Ankaraligil,
2009; Facione et al., 1994; Ricketts, 2003; Semerci, 2016). Many critical thinking
skills assessments overlap in subscales measured (e.g., argument analysis, deductive
and inductive reasoning). Conversely, critical thinking disposition tools show wider
variation in measured subscales. This distinction is noteworthy for future research
and understanding of critical thinking dispositions.

The most frequently used instruments were the California Critical Thinking Skills
Test (CCTST) (Facione, 1990) for assessing skills and the California Critical
Thinking Disposition Inventory (CTDI) (Facione et al., 1994) for dispositions. Both
instruments originated from the APA Delphi research and were used across all three
identified research fields: nursing, pedagogy, and psychology.

In last decade, most studies were conducted in Asia (e.g. Ke et al., 2023; Cheng et
al., 2020). Additionally, some assessment tools were validated for specific
populations, such as Miranda's (2003) Spanish translation and validation. There is a
general absence of literature related to investigation of critical thinking interventions
in a central or west European context. Our review only identified studies from Spain
(Lopez et al., 2020; Saiz, Rivas, Ossa, 2022).

In our review, three of the eleven instruments were initially introduced as part of
master's or doctoral theses in pedagogy research (Ankaraligil, 2009; Miranda, 2003;
Ricketts, 2003).

Different research areas operationalize critical thinking differently. Facione's (1990)
definition, encompassing both critical thinking skills and dispositions, is the most
common across fields. While Facione's approach has a philosophical foundation, his
research in past was primarily focused on the nursing field. There, critical thinking
was associated with creativity and exploring decorative arts (Bas et al., 2022), along
with diverse educational approaches like concept map creation (Carvalho et al.,
2020; Cheng et al., 2020; Ke et al., 2023; Lopez et al., 2020; Mohebbi et al., 2022)
and the role of gender and media literacy (Kog et al., 2021). Psychological studies
measured only critical thinking skills, and their background was mostly
psychological studies, focused solely on measuring critical thinking skills, drawing
primarily from cognitive psychology and differentiating those skills from
intelligence. Researchers linked CT skills to metacognition (Rivas, Saiz, Ossa,
2022), probabilistic reasoning skills (Cornejo et al., 2022) and the professional
competencies (Solovyeva, Tapalova, Smirnov, 2023 Pedagogical research often
provided theoretical introductions, enriching it by current knowledge. The research
correlated critical thinking skills and dispositions, as well as academic writing
performance of their students (Taghinezhad, Riasati, 2020), others focused on using
mobile app when improving critical thinking skills (Song, Cai, 2024) and role of
mentoring (Nelson, 2018). Furthermore, according to the previous pandemic, two
studies focusing on dispositions of critical thinking were conducted in COVID-19
pandemic context (Mohebbi et al., 2022; Cheng et al., 2020).

Our review also identified a concerning trend of poor psychometric reporting across
studies. When searching for data on these properties, we primarily consulted original
studies introducing the assessment tools. The most frequently reported psychometric
property was reliability, specifically Cronbach's alpha coefficient. While the
reviewed studies generally demonstrated acceptable psychometric properties, a gap
exists in the literature regarding the inclusion of reliability and validity evidence
obtained through the researchers' own investigations (Carvalho et al., 2020; Cornejo
et al., 2022; Mohebbi et al., 2022; Nelson et al., 2018; Rivas et al., 2022; Solovyeva
et al., 2023; Song & Cai, 2024; Taghinezhad & Riasati, 2020).

Limitations
Review is limited in that it included only studies published in English in databases
avaible at the institution where the study was conducted. Only intervention studies



were included in the analysis. Also, many articles were not considered due to not
mentioning the assessment tool they used in the abstract of the study.
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