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Abstract

Higher-order thinking skills (HOTS) are extremely needed to be possessed
by future teachers but there is limited work on the development of suitable
measuring instruments to measure HOTS (Zhou et al., 2023). This study
is intended to develop an instrument to test the higher-order thinking skills
(HOTS) of future teachers at the university level. The instrument named
as Maimoona Higher Order Thinking Skills Test (MHOT). The developed
test is delimited to two main HOTS: Creative and Critical thinking skills.
These HOTS are distinct as well as have inter-dependency. There are a
total of fourteen interpretive exercises/items in the instrument. To meet the
psychometric criteria the construct validity evidence (n = 150) was
gathered through exploratory factor analysis (EFA). The convergent
validity evidence was also collected and established by using the College
Assessment Academic Proficiency of Critical Thinking (CAAP) test with
an average variance of 0.65 and composite reliability of 0.92 between
MHOT and CAAP. The inter-rater reliability value of Kappa was 0.724
and the Cronbach’s alpha value of the entire instrument was 0.91. The
content validation process involved four experts in total, three content
experts from the discipline of Education and one from the discipline of
Psychology. The scale content validity index (SCVI) was 0.93. Item
analysis was also conducted to ensure the discrimination index of the items
and that all items were under the acceptable criteria except for two items
that were revised.
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Introduction

There are now several deliberate efforts to inculcate higher-order thinking
skills (HOTS) in the teaching-learning process at every level. There have
been multiple justifications to do that because wide-ranged competencies
are required for addressing contemporary challenges and we have
delineated complex HOTS into some specific and direct observable set of
skills (Nagappan, 2002). Higher order thinking generally comprises four
primary competencies: critical thinking, creative thinking, problem-
solving, reflective thinking and decision-making (Anderson, 2005; Lewis
& Smith, 1993).

The evolving social landscape has become a medium of competition
among individuals with their experiences, and amassed wisdom (Schmidt,
2022). In response, there is a thriving need for individuals who possess
HOTS and a dedication to learning. These individuals integrate both
conventional ~and  contemporaneous  knowledge,  processing
information/knowledge with agility, creatively solving problems,
collaborating efficaciously in groups, and critically analyzing the
problems (Hamlin, 2022; Kroth et al., 2022). Considering such upcoming
and occurrent demands, the educational system has to adjust to following
21% century skills or higher-order thinking skills (HOTS) among students
by equipping them to grow and compete in a speedily changing society
(Tight, 2021a; Tijsma et al., 2020).

Future teachers, as the incoming generation of professionals, play a
pivotal role in this undertaking, which necessitates fostering robust HOTS
(Naeem & Rana, 2023). It emphasizes the importance of fostering HOTS,
especially in terms of critical thinking, problem-solving, creativity,
innovation, communication, and collaboration, among future (pre-service)
teachers (Brandt et al., 2021; Astuti et al., 2019). These skills are deemed
indispensable to cater for the demands of the 21% century post-industrial
epoch, also mentioned as Industry 4.0 (Hussain, 2021).

Despite the growing recognition of the importance of HOTS,
research focusing on measuring these skills among future teachers remains
limited (Abdullah et al., 2016). While elementary, middle, and high school
students have been the subject of numerous studies on HOTS
measurement, the attention given to future teachers has been relatively
scant (Naeem & Rana, 2023; Suparman et al., 2021; Tambunan & Naibaho,
2019). Hence, this study attempts to fill this research void by developing
an instrument capable of assessing the HOTS status of future teachers.
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Higher-Order Thinking

“Simple knowledge also rests on some historical higher-order thinking.
Facts and concepts did not just fall out of the sky—or out of a textbook.
They were discovered and debated until they came to be widely held as
true, and widely believed” (Brookhart, 2010, p. 06).

HOTS can be traced back to the piece of work of Socrates and Plato.
It was considered the cognitive state of expression, logic, arguments,
creation, metacognition, judgment, critique, and self-regulation (Resnick,
1987). The concept of "higher-order thinking" more prominently emerged
and became widely known through Bloom's taxonomy (Bloom et al.,
1956). A theoretical framework formulated for the categorical
measurement of learning objectives within the cognitive domain by
covering six levels of taxonomy: knowledge, comprehension, application,
analysis, synthesis, and evaluation, varying from basic to higher level
(Anderson, 2005; Lewis & Smith, 1993). With the supremacy of Bloom’s
taxonomy, a question was also urged about what kind of knowledge to
practice, that is necessary to complete the tasks and also to measure a
precise part of the taxonomy. This holds significant value for teachers
when picking out teaching materials. To resolve that in the revised version
of taxonomy, the categorizing of knowledge was introduced, and
knowledge was dissected into four areas factual, conceptual, procedural
and meta-cognitive knowledge (Anderson & Krathwohl, 2001). The focus
remains on the content by allowing for a clearer understanding as well as
on how to present or adapt it effectively (Miyazaki, 2024; Stayanchi, 2018).

The taxonomy, viewed from a problem-solving standpoint, posits
that HOTS are multifaceted by including the skills of generating, inquiring,
analyzing and self-regulating, cover multiple criteria, and typically yield a
diverse display of problem-solving strategies (Silva Pacheco & Iturra
Herrera, 2021). This underscores that HOT is a cognitive function
occurring at a higher level (Arievitch, 2020).

It has been reported that the levels of analysis, synthesis, and
evaluation are linked to higher-order thinking skills (HOTS) for cognitive
development and the rest of the three basic levels are called lower-order
thinking skills (Zohar et al., 2003; Stayanchi, 2018; Wiyaka et al., 2020).

HOTS are also potently attached to the constructivist approach that
was first assessed through the respective dated sources (Bruner, 1966;
Piaget, 1973; Vygotsky, 1978). The approach provides a conducive
learning environment to students by involving their mental processes by
including creative and critical thinking. The constructivist approach to
learning occurs if the learner is involved actively by participating and
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developing new cognition to be built on pre-existed knowledge or
cognition, and the instructor participates as a facilitator (Abosalem, 2016;
Anderson & Elloumi, 2004; Nagappan, 2002).

Creative and Critical Thinking as HOTS

Creative and critical thinking are two essential cognitive processes that
play critical roles in critique, analysis and innovation. While they share
similarities, they also possess distinct characteristics that distinguish them.
Sometimes creative and critical thinking skills are viewed as
complementary rather than mutually exclusive processes (Ulger, 2016).
Both involve cognitive activities with the intent to understand, analyze,
and generate ideas. Creative thinking is about inquiring and generating the
information or ideas to create novel solutions, investigate possibilities, and
think “outside the box”. On the other side, critical thinking relates to
analyzing information, evaluating evidence, and reflecting on ideas. It
stresses logical reasoning, to identify flaws in arguments (Rosba et al.,
2021).

Despite their fluctuation, creative and critical thinking often intersect,
with each informing and improving the other. Creative thinking is about
the generation of innovative ideas, while critical thinking evaluates and
polishes those ideas (Vincent et al., 2019). For instance, in problem-
solving contexts, creative thinking prompts people to brainstorm diverse
solutions, while critical thinking assists in assessing the practicability and
potency of each option. Likewise, in classroom settings, creative thinking
inspires future teachers to explore alternate perspectives, while critical
thinking supports them to analyze and critically review existing concepts
(Karunarathne & Calma, 2024; Wechsler et al., 2018).

The researchers concur with the distinction between generative
(creative thinking) and evaluative (critical thinking) elements, with the
consensus that both creative and critical thinking typically complement
each other and can be categorized under the level of evaluating and
creating according to the revised Bloom’s taxonomy (Brookhart, 2010;
Stayanchi, 2018).

Methodology

Higher-order thinking skills (HOTS) are premier requirements to be
possessed by future teachers, yet research on developing an effective
measurement instrument for these skills is limited (Zhou et al., 2023). To
adhere to the need, educators have presented the concept of scenario-based
exercises as an appropriate assessment to test HOTS. It is an impelling
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way to achieve the goal of measuring this via the usage of situation-
dependent items. Multiple studies mentioned the effectiveness of this type
of assessment. The outcomes of numerous studies suggest that scenario-
dependent exercises not only improve students' content-related cognition
but also improve their general logical abilities. Conversion to scenario-
based items can also upgrade the level of complexity and measure higher
cognitive skills in an improved way. At the core, this kind of assessment
integrates innovative material to measure HOTS (Din & Jabeen, 2014;
Salih &Abdelbagi, 2022).

Pilot Test

Piloting is to test an instrument to determine the adequacy of research
instruments before its final usage (Creswell & Creswell, 2022). The
researcher conducted a small-scale pilot study for three weeks on one
hundred future teachers studying in B.Ed. (1.5) program of teacher
education in a public sector university of Lahore. The collected data was
used for content, construct and convergent validity. Firstly, content
validation was conducted. After getting suggestions from experts and
revisions of items construct validity was calculated. Then convergent
validity was ensured. After the validation procedure, the pilot testing leads
to reliability analysis. As far as reliability was concerned two raters were
involved in the inter-rater reliability process. After getting a rating from
raters an internal consistency analysis procedure was followed and at the
end, item analysis was carried out through the item discrimination index.

Psychometric Properties and Analysis

The instrument was pilot-tested and validated through content, construct,
and convergent validity. Reliability analysis was conducted using inter-
rater reliability and internal consistency measures. Additionally, the item
discrimination index was calculated for item analysis.
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Figure 1
Summary of Psychometrics Analysis

Validity
Content Validity
Convergent
Validity
Construct validity

Reliability
Inter-rater
reliability
Internal
consistency

Item Analysis
e Discrimination
Index

Analyses and Findings
Validation

Validity is a test measuring what it is supposed to measure (Creswell &
Creswell, 2022; Yusoff, 2019). Content validation is a measurement of an
intended content domain (Yusoff, 2019). The content validation procedure
by Yusoff (2019) was used and Table 1 presents its procedure.
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Table 1
Content Validation
Item No. Expert Expert Expert Expert Experts in I-CVI UA
1 2 3 4 Agreement

1 1 0 1 0 2 0.5 0

2 1 1 1 1 4 1 1

3 1 1 1 1 4 1 1

4 1 1 1 1 4 1 1

5 1 1 1 1 4 1 1

6 1 1 1 1 4 1 1

7 1 1 1 1 4 1 1

8 0 1 1 1 3 0.75 0

9 1 1 1 1 4 1 1

10 1 1 1 1 4 1 1

11 1 1 1 1 4 1 1

12 1 1 1 1 4 1 1

13 1 1 1 1 4 1 1

14 1 1 1 1 4 1 1
0.95
S- 0.85
CVI S-
Items CVI

UA

Proportion ~ 0.93 0.93 1.00 0.93
Relevant
S-CVI (Average proportion items by four experts) = 0.95

“Experts in agreement score” sums up all ratings agreements for each item.
“Universal agreement (UA) is score ‘1” for 100% and O for not all the
experts agree. Item-content validity index (I-CVI) is the experts in
agreement divided by the number of experts. Scale-content validity index
of items S-CVI=0.93 is the average score of I-CVI for all items. S-CVI
experts are the average proportion relevance scores across all experts. S-
CVI UA=0.8 is the average of universal agreement (UA) scores crosswise
all items” (Yusoff, 2019, p.53). The criteria provided by Polit et al. (2007)
the accepted value for any item is 1.00 in case two to five experts are
participating in the content validation process. Thus, all items meet the
satisfactory level of content validity except item numbers “1” and “8”
(revised later). Experts validated these two items again,

The factor analysis is widely used for construct validation. In this
inquiry exploratory factor analysis (EFA) principal axis with varimax
rotation was used to calculate the relationship of constructs in 10 items of
Maimoona Higher Order Thinking Skills Test (MHOT). The test is based
on two main constructs which are creative and critical thinking skills.
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Table 2
KMO and Bartlett's Test
KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .80
Approx. Chi-Square 2597.7
Bartlett's Test of Sphericity df 91
Sig. .000
*(p<.05)

The KMO (Kaiser 1970, 1974) test and Bartlett's Test of Sphericity
(Bartlett, 1954) were measured. One fifty future teachers were taken to
participate in the test as a sample by following the criterion of Field (2018)
that is; a researcher could take any rate of 10-15 subjects for every
variable/item. MHOT was comprised of 14 items. The amount of
adequacy is .80 which is displaying a strong adequacy of the instrument.
The sphericity is also acceptable as .000 is < than .05. All the items loaded
under their respective factors with acceptable values and are not less
than .05.

Table 3

Factor Loadings

Items Creative thinking skills Critical thinking skills
1 .850

2 916

3 877

4 797

5 767

6 796

7 .867

8 .847

9 .840
10 811
11 872
12 763
13 .667
14 .870
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Table 4

Convergent Validity of MHOT1 and CAAP
Factors Average Variance Composite Reliability
MHOT and 0.92
CAAP 0.65
MHOT Creative
Thinking  and
CAAP 0.67 0.91
MHOT Critical
Thinking  and 0.63 0.90
CAAP

The convergent validity was also conducted by calculating the Average
Variance Extracted (AVE) in use to measure it. Usually, an AVE higher
than 0.5 depicts an acceptable value of convergent validity The convergent
validity of MHOT was calculated by using the College Assessment
Academic Proficiency of Critical Thinking (CAAP CT) Test. CAAP CT
is a standardized test and was constructed to measure students' critical
thinking skills at the college level. It has 32 items to be solved in forty (40)
minutes. Scoring Key is also given by ACT (ACT, 2008).

Reliability
The reliability of an instrument is about the consistency of scores
(Creswell & Creswell, 2022). The reliability of the MHOT instrument was
assessed using two raters on a sample of thirty -eight future teachers. Due
to the raters' convenience and time constraints, thirty -eight tests were
chosen for evaluation. This sample size was agreed upon by the raters.
Consequently, thirty -eight randomly selected tests were marked by the
raters.

After explaining the rubrics and marking criteria to the raters, the
raters scored the tests. Cohen’s kappa (for two raters) was used. Cohen’s
kappa “k” varies from -1 to +1. (McHugh, 2012).
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Table 5
Inter-rater Reliability
Symmetric Measures

Value Asymp. Std. Approx. Approx.
Error? T Sig.

Measure of Agreement  Kappa .724 .073 20.981  .000

N of Valid Cases 38

The two raters marked the same scores for twenty-nine cases of sample
and dissimilar scores for nine cases. The agreement means no difference
in the scores of both raters and disagreement signifies a difference in
scores. The k (Kappa) value of the instrument is 0.724 with 29 agreements
and 9 disagreements. It is acceptable as a moderate level of agreement.
The percentage of agreement was 76% (29/38) and the percentage of
disagreement was 24% (9/38). The value of Cronbach’s alpha was 0.915
which is also on the stronger side (McHugh, 2012).

Item Analysis was also carried out by calculating the discrimination
index for MHOT. To calculate the discrimination index, the rule of thumb
is to organize all the marked tests in descending order and then make two
groups based on higher and lower scores. Each group should represent 27%
of the total number of students (future teachers).

The total sample was one hundred fifty tests of one hundred fifty
future teachers. Thus, the tests were divided into two halves: the upper
group consisting of forty students with higher marks, and the lower group
consisting of forty students with lower marks. The scores of the lower
group were subtracted from the scores of the upper group for every item
by following the formula process of Gay (1985. p, 258).

Formula Description
Total Students (T) =150
27% of the Total students (T) of a group = 40
Upper group =40
Lower group =40
Formula = The scores of the upper group for each item - The scores of the
lower group for each item

Table 6 shows the difference between all the items was sufficient
enough except for item numbers 3 and 12. Both items showed less
difference and were revised later for constructing the final instrument
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(MHOT). All the items except two showed enough difference to claim that
items are discriminating between higher and lower achievers of the test.

Table 6
Item Analysis with Discrimination Index

Items Upper Group Lower Group Difference Interpretation

1 118 61 57 Performing effectively
2 114 71 43 Performing effectively
3 128 113 15 Performing ineffectively
4 136 75 61 Performing effectively
5 139 73 66 Performing effectively
6 132 68 64 Performing effectively
7 121 63 58 Performing effectively
8 128 72 56 Performing effectively
9 113 80 33 Performing effectively
10 109 77 32 Performing effectively
11 134 66 68 Performing effectively
12 123 108 15 Performing ineffectively
13 123 71 52 Performing effectively
14 109 64 45 Performing effectively

Summary of the Findings

The societal call for 21% century skills with the use of an effective
assessment of future teachers’ HOTS as creative and critical thinking skills,
forces the development of a valid quantitative MHOT measurement test
for future teachers. The validation process was implemented in three ways
via calculating content validity, construct validity and convergent.
Reliability was calculated in two ways through raters and Cronbach’s
alpha. The process involved a Scale-content validity index of items as S-
CVI=0.95 a scale-content validity index universal agreement (S-CVI UA)
is 0.85. Item 1 and 8 were revised by following the suggestions of experts
involved in content validation process. EFA item loadings ranged from
0.667 to 0.916. The convergent with CAAP presented average variance as
0.63 and composite reliability as 0.90. Item analysis through the
discrimination index showed sufficient difference except for items 3 and
12 which were revised later. The results of reliability showed kappa= 0.72
and Cronbach’s alpha = 0.91. The Maimoona Higher Order Thinking
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(MHOT) test meets the psychometric criteria to assess the creative and
critical thinking skills of future teachers at the university level.

Conclusion

The developed instrument, named the Maimoona Higher Order Thinking
(MHOT) test, underwent pilot testing for psychometric analysis. The
instrument verified strong validation through content, convergent, and
construct validation procedures, affirming its validity. Moreover,
reliability measures confirmed the consistency of the MHOT test. Item
analysis results specified that the test items effectively discriminated
between higher and lower achievers. Therefore, the MHOT is a valid and
reliable instrument for measuring the higher-order thinking skills of future
teachers at the university level.
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