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1. Introduction 

Students’ academic achievement is one of the most 
commonly used criteria for making predictions 

about personal success. A student’s academic progress 
reflects in the grades or marks that represent the degree 

to which the educational goals are accomplished. 
Shoval et al. (2018) defined academic achievement as 
the degree to which learners benefit from knowledge 
and skills they acquire during education and training 
in a given academic discipline or level of education. 
Students’ academic achievement, whether assessed 
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in marks or graded in quantitative or qualitatively 
measures, is the main focus of all stakeholders of 
the education system (Kahu and Nelson, 2018). In 
modern education systems, grade point average (GPA) 
of students is mostly used to indicate the academic 
performance of students. Many researchers have 
found a strong and significant relationship between 
grade point average and academic performance of 
students (Abbasi, and Izadpanah, 2018; Gelardi and 
Emby, 2005).

In terms of factors affecting academic achievement, 
critical thinking has been found the most significant 
and influential among others (Fong et al., 2017; 
Vierra, 2014). The researchers have included a range 
of intellectual abilities and behaviors in the construct 
of critical thinking comprising evaluation and analysis 
of arguments and truth claims to understand different 
perspectives (Ennis, 1985; Lipman, 1988) drawing 
logical inferences from the given information for 
problem solving and decision making (Ennis, 1985; 
Halpern, 1998); asking questions to understand 
and explain terms, assumptions, and propositions 
(Halpern, 1998) developing and presenting plausible 
arguments (Halpern, 1998; Tindal and Nolet, 1995). 

Researchers have also recognized the importance of 
critical thinking dispositions as distinct entities to 
distinguish critical thinkers from uncritical thinkers 
beside the actual level of their critical thinking ability 
(Ennis, 1985). Critical thinking dispositions are the 
attitudes or habits of mind that keep an individual 
motivated to respond in a reflective mode. Therefore, 
the existence of critical thinking dispositions is as 
much essential as practicing critical thinking skills. 
American Philosophical Association develops a 
consensus on these ideal attributes or dispositions 
of a critical thinker comprising open-mindedness, 
fair-mindedness, perspective taking, inquisitiveness, 
flexibility, and the willingness to delay judgment 
to consider multiple perspectives (Facione, 1990). 
Educationists have acknowledged that critical 
thinking skills are essential for meaningful learning, 
decision making, and problem solving (Kennedy et 
al., 1991). 

There is no doubt a disagreement in the assertion 
that scientific inquiry employs CT in enquiring about 
and explaining natural phenomenon. It shows a close 
relationship between critical thinking and nature 
of science to promote a complete understanding of 

the scientific developments and related global issues 
(Zeidler et al., 2002; Yacoubian, 2015). Critical 
thinking has been considered indispensible for 
developing scientific literacy, democracy and a sense 
of responsibility in the use and application of scientific 
developments (Zemplén, 2007; Yacoubian, 2015). 
Therefore, critical thinking has been integrated into 
curricula as basic skills and dispositions in science 
education across the world to develop scientific 
perspective and global citizenship competence. 
Especially critical thinking is an integral part of 
scientific process in asking questions and providing 
justifications in teaching- learning process of science 
(Demir, 2015; Yacoubian, 2015; Osborne, 2014). 

The researchers that work in this specific field have 
reported a significant association between critical 
thinking ability and academic achievement of students 
(Ghanizadeh and Mirzaee, 2012; Ghazivakili et al., 
2014; Hashemi and Ghanizadeh, 2012; King et al., 
1990; Ross et al., 2013; Taghva et al., 2014; Vahdat 
et al., 2012). Many recent studies have confirmed an 
imperative association between critical thinking and 
academic performance (Fong et al., 2017; Vierra, 
2014). These researchers revealed that critical thinking 
have a positive impact on academic performance and 
help students to succeed in the academic field. On 
the other hand, some of studies have not found any 
positive or negative impact of critical thinking ability 
on students’ academic performance (Shirrell, 2008). 
So, previous studies have conflicting results regarding 
this relationship.

However, fostering critical thinking through 
instruction is still a neglected area in educational 
institutions. There is a little representation or practical 
implications of critical thinking in instructional 
practices of teachers. The major challenge of educational 
institutions is to shift the instructional paradigm from 
teacher-centered instructional approaches to student-
centered approaches (Daud and Husin, 2004). Recent 
research has identified teaching methods, strategies 
and techniques that have been found more effective 
in developing critical thinking among students. 
Especially, the instructional interventions based on 
active and collaborative learning strategies have been 
found more effective in promoting critical thinking 
among higher education students (Terenzini et al., 
1995; Yang and Chou, 2008). These insights have 
helped instructors to incorporate more effective 
critical thinking pedagogy in the curriculum of their 
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respective academic disciplines (Halpern, 1998).

Empirical research has highlighted the importance of 
interactive teaching techniques and strategies which 
enable students to raise questions and evaluate content 
through logical analysis and comparison. Educators 
have realized that critical thinking must be practiced 
as an integral part of the learning content (Snyder and 
Snyder, 2008). By practicing critical thinking students 
construct knowledge and understanding in a breadth 
and depth that is more meaningful, logical and fair. 
Educational institutions must ensure their students’ 
academic success by providing them a conducive 
learning environment where students are involved in 
developing and organizing their ideas and concepts 
by practicing critical thinking (Carr, 1988). 

Other instructional practices like providing students 
with opportunities to work in groups, writing literature 
review assignments and research reports, preparing 
and giving class presentations, conducting research 
projects, and conducting critical thinking based 
essay exams along with teachers critical feedback, 
have been found very effective in teaching critical 
thinking. These instructional practices are effective 
in provoking students to ask questions and construct 
answers of the challenging questions being asked by 
others during discussions and to reflect, analyze and 
evaluate information instead of superficial recall and 
description (Owens, 2007; Terenzini et al., 1995). 
By nature, written assignments provide the best 
prospect for practicing critical thinking by writing 
argumentative reviews under the supervision of the 
instructors. Rewriting assignments to incorporate 
feedback received from teachers and other students 
during presentations provide additional support for 
developing critical thinking (Tsui, 2002). Ruggiero 
(1988) reveals that direct teaching of thinking skills 
depends on certain teaching methods instead of what 
is being taught. The only major change that needs to 
be made is a paradigm shift in selection of teaching 
methods. Students’ perceptions of teachers’ teaching 
methods also reveal their metacognitive awareness 
about the interaction of instructional methods and 
critical thinking abilities (Kember, 1997). 

Demographic factors such as age, gender, race, and 
academic discipline as predictors of critical thinking 
skills have been studied by many researchers (Aliakbari 
and Sadeghdaghighi, 2011). Many studies have found 
that sometimes the level of critical thinking ability 

of respondents differ due to gender (Ekinci and 
Aybek, 2010; Kanbay and Okanlı, 2017; Tümkaya 
et al., 2009; Vierra, 2014) and respective academic 
discipline (Kanbay and Okanlı, 2017; Mahdyeh and 
Arefi, 2014; Myers and Dyer, 2006; Rodrigues and 
Oliveira, 2008). 

Many research studies had pointed out a complex 
and dynamic interaction between instructional 
practices and critical thinking that contributes 
towards academic performance of higher education 
students (Moon, 2008; Tuncer and Ozeren, 2012). 
According to Schraw et al. (2006), the interaction of 
critical thinking skills and the instructional practices 
that promote critical thinking significantly contribute 
towards academic achievement. 

This study was intended to provide theoretical 
insights and practical implications of the interplay 
of critical thinking based instructional practices, 
critical thinking skills, critical thinking dispositions, 
and academic achievement of science students at 
higher education level. It would be significantly 
helpful for updating understanding of theorists, 
practitioners and policy makers by offering the 
empirical evidence about the current situation of 
the relationships between critical thinking based 
instructional practices, critical thinking skills, critical 
thinking dispositions, and academic achievement 
of science students at university level in Pakistani 
context. Similarly, it could be helpful for curriculum 
developers, and administrators to implement student 
centred instructional designs in educational programs 
to inculcate critical thinking among students. 

Therefore, the main purpose of this research was to find 
out the relationships among critical thinking based 
instructional practices, critical thinking dispositions, 
critical thinking skills, and academic achievement 
of students in natural sciences at university level. 
Furthermore, the moderating role of demographic 
variables of gender and academic discipline on 
the correlation between critical thinking based 
instructional practices and academic achievement was 
determined. This study also determined the mediating 
effect of critical thinking skills and dispositions of 
science students in the correlation between critical 
thinking based instructional practices and academic 
achievement.  Moreover, the predictive power of 
critical thinking skills, dispositions, instructional 
practices which promote critical thinking, and 
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gender as predictors had been explored to predict the 
academic achievement of natural sciences students.

1.1 Objectives of the study
The study intends to:
1. Assess level of and association among critical 

thinking dispositions, critical thinking skills, 
critical thinking based instructional practices in 
science education and academic achievement of 
students of natural sciences at university level. 

2. Assess the group differences based on gender and 
academic disciplines (departments) in critical 
thinking skills, critical thinking based instructional 
practices, critical thinking dispositions and 
academic achievement of science students.

3. Predict the academic achievement using critical 
thinking based instructional practices, critical 
thinking dispositions and skills as independent 
variables.

4. Measure the moderating effect of gender and 
discipline on the relationship among critical 
thinking based instructional practices, critical 
thinking skills and dispositions and academic 
achievement. 

5. Find out whether the critical thinking skills and 
dispositions mediate the relationships between 
critical thinking based instructional practices and 
academic achievement.

1.2 The hypotheses of the study
The researcher has formulated following main 
research hypotheses for this study:
H1: There are significant positive relationships 
among critical thinking skills, dispositions, critical 
thinking based instructional practices, and academic 
achievement of natural sciences students.
H2: There is significant positive effect of critical 
thinking based instructional practices, critical thinking 
skills and dispositions on academic achievement of 
natural sciences students.
H3: There are significant group differences based 
on gender and discipline in critical thinking skills, 
dispositions, critical thinking based instructional 
practices and academic achievement of science 
students.
H4: There is significant moderating effect of gender, 
and discipline on the relationship among critical 
thinking based instructional practices, critical 
thinking skills, critical thinking dispositions and 
academic achievement. 
H5: There is significant mediating effect of critical 

thinking skills and dispositions in the relationships 
between critical thinking based instructional practices 
and academic achievement of science students.

1.3 Research model
Following Figure 1 presents in simplified form the 
theoretical framework employed in the research 
model:

Figure 1: Theoretical research model of the study.

As shown in Figure 1 critical thinking based 
instructional practices, critical thinking dispositions, 
and skills were the main independent variables 
(predictors) and academic achievement of university 
students was the dependent variable (outcome/
criterion) of this study. Gender and academic discipline 
of the respondents were the main moderator variables 
in the conceptual framework. Further, critical thinking 
skills and dispositions were the mediator variables 
in the correlation between critical thinking based 
instructional practices and academic achievement of 
science students in conceptual framework of this study.
 

2. Materials and Methods 

2.1 Research design 
The nature of the research study called for a cross-
sectional descriptive correlational research design.
 
2.2 Population and sample
All the higher education students of the faculty 
of sciences studying in the general public sector 
universities of the Punjab province were the target 
population of the study. All the higher education 
students of sciences studying in three randomly 
selected general public sector universities of province 
Punjab were the accessible population of this study. 

According to HEC official website there were 
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27 general public universities in province Punjab. 
From the list of these 27 general universities three 
universities including University of Sargodha, 
University of the Punjab, and Bahauddin Zakariya 
University were randomly selected. From these three 
universities, three academic departments (Physics, 
chemistry and biological sciences) of the faculty of 
science were selected conveniently. 

Within each academic department students were 
categorized on the basis of their seniority. Senior 
students (final year students) were assumed to have 
a better understanding of their educational dynamics 
and could express their experiences more clearly 
and precisely. Therefore, one intact group of final 
year students of BS science programs was selected 
purposively from each of the selected academic 
departments and all available students of that group 
were surveyed. Therefore, a sample of 320 final year 
science students of BS program was selected from 
University of Sargodha, University of the Punjab, and 
Bahauddin Zakariya University.
 
2.3 Research instruments 
A questionnaire was developed comprising scales of 
key variables of the study along with demographic 
variables.
 
2.3.1 Critical thinking skills test
The Critical Thinking Skills Test (CTST) is consisted 
of items adapted from some eminent tests of critical 
thinking skills and takes less time to complete than 
other measures. The CTST is generic in nature i.e. 
it intends to take critical thinking in its general 
sense of the term. CTST has further five dimensions 
that have been derived from the Watson-Glaser 
Critical Thinking Assessment manual (Watson and 
Glaser, 1980) including recognition of assumptions, 
inference, deduction, interpretation, and evaluation 
of arguments. The CTST has adapted items from 
available critical thinking tests to make the test 
culturally fair for undergraduate level students of 
sciences. The CTST is consisted of 43-item that 
measure critical thinking skills on multiple-choice 
format. Each item has only one correct answer. In the 
perspective of the current study, this test was used to 
provide an overall level of achieved Critical Thinking 
skills of the respondents of the study.
 
2.3.2 Critical thinking disposition scale
This study adapted Critical Thinking Disposition 

Scale developed by a group of researchers from the 
University of Florida (Ricketts, 2003). The major 
constructs or subscales of this instrument were 
engagement, cognitive maturity, and innovativeness.

2.3.3 Critical thinking based instructional practices scale
The researchers developed a rating scale that measure 
the level of representation of critical thinking based 
instructional practices (CTIPs) of teachers through 
students’ perceptions. The researchers developed a 
self-report scale to find out students perceptions about 
frequency of occurrences of active and collaborative 
learning strategies in their teachers’ instructional 
practices. 

First of all, the items were developed to represent a 
sample of different instructional practices (specific 
teaching activities that guide interaction during 
teaching learning process.) used by the instructors 
at university level to promote and develop critical 
thinking among students. These instructional 
practices include questioning, discussion, project work 
(written assignments and presentations), assessment 
practices and other miscellaneous constructivist 
teaching methods and techniques that are generally 
recommended and practiced in science education. 

2.3.4 Academic achievement
The students’ current CGPA scores were used to 
represent the academic achievement of higher 
education students.

2.4 Pilot study of the instruments
The composite questionnaire, measuring all the 
variables of the study, was exposed to pilot testing for 
validation purposes. It was given to 30 students from 
natural sciences 10% of the sample for this purpose. 
Any language or context related difficulties faced by 
the respondents, if detected, were removed to facilitate 
the respondents. Cronbach’s alpha was calculated for 
all the scales (Cronbach, 1951) to estimate about the 
internal consistency of the scales.
 
2.5 Data collection 
The complete questionnaires were distributed to the 
student in person and were collected by the researcher 
at the spot. Out of 350 distributed questionnaires, 
320 were found in usable form with a response rate 
of 91.4%.
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3. Results and Discussion

After the data collection was complete, data was 
entered with codes in IBM SPSS 22 data editor for 
analyzing each construct. Descriptive statistics, t-test, 
ANOVA, Pearson r, regression analysis and Process 
Macro were used to analyse.

As revealed in the Table 1 the average academic 
achievement of university science students is about 
3.19 with a standard deviation of 0.383 which 
is relatively high. The variables critical thinking 
skills, instructional practices and critical thinking 
dispositions revealed relatively high means which were 
higher than median values. The kurtosis and skewness 
of almost all of the variables were either lesser than 
or close to the ±1.0. This is quite good regarding the 
distribution of these variables. It also demonstrated 
significant level of normality for these variables as far 
as skewness and kurtosis are concerned. Trend mean 
analysis of critical thinking dispositions  revealed 
that science students in this study had higher levels 
of critical thinking dispositions. Similarly trend 
mean analysis of critical thinking based instructional 
practices revealed in students perceptions about 
the overall level of representation of interactive and 
constructivist instructional practices is sufficiently 
high at university level.

Table 2 shows positive and significant correlation 
of critical thinking skills with critical thinking 
dispositions (r= .158, p< .01) and academic 
achievement (r= .474, p< .01). It further reveals 
positive and significant correlation of critical thinking 
dispositions with instructional practices (r = .166, p < 
.01) and academic achievement (r= .122, p < .05). 

Table 3 indicated that t-value was significant for 
critical thinking skills t (317) = -3.046, p = .003, 
instructional practices t (317) = -4.110, p = .000, and 
academic achievement t (317) = -5.969, p = .000. It 
was determined that there existed significant gender 
differences in students’ critical thinking skills and their 
achievement and teachers’ instructional practice and 
females were having high means as compared to male 
students. 

The Table 4 indicates that F-values were significant 
for critical thinking skills F (2,318) =15.76, p =0.000, 
and academic achievement F (2,318) =19.57, p =0.000. 
The other two comparison were non-significant.

LSD test revealed significant group differences in the 
critical thinking skills of students of physics as they 
were having higher means as compared to the students 
of chemistry and biological sciences. Furthermore, it 
was evident that teachers of chemistry department

Table 1: Descriptive statistics of key variables and sub scales.
Variables Mean Trend mean SD Median Skewness Kurtosis  α 
Critical thinking skills 25.39 3.57 25 .154 -.078 0.78
Argument 4.96 1.17 5 -.038 -.154
Assumption 4.49 1.298 5 -.160 -.154
Deduction 5.77 1.410 6 -.252 -.204
Interpretation of information 4.92 1.458 5 -.317 -.281
Inference 5.25 1.628 5 -169 -.124
Critical thinking dispositions 94.02 3.73 14.32 93 -.157 -.070 0.89
Cognitive maturity 26.50 3.78 .619 26 -.400 .359
Engagement 41.31 3.75 .609 41 -.208 .127
Innovation 26.14 3.71 .752 26 -.388 .-069
Instructional practice 124.06 3.35 .618 124 -.092 -.318 0.93
Questioning 20.83 3.47 .741 21 -.340 -.422
Discussion 23.03 3.29 .835 22 -.143 -.491
Project work 26.96 3.37 .729 27 -.090 -.453
Miscellaneous constructivist practices 23.80 3.39 .841 24 -.298 -.295
Problem based instruction 13.24 3.31 .822 14 -.145 -.246
Assessment practices 16.15 3.23 .763 16 -.009 -.256
Academic achievement 3.19 0.383 3.21 -.308 -.347
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were employing better instructional practices for 
improving critical thinking in students and their 
students were better in their achievement as compared 
to other departments of science faculty. 

Table 2: Correlation of variables of study.
Sr. 
No

Variables 1 2 3 4

1 Critical thinking skills 1 .158** .066 .474**

2 Critical thinking dispositions .158** 1 .168** .124*

3 Instructional practice .066 .168** 1 .038
4 Academic achievement .474** .124* .038 1

**, Significant at the 0.01 level; *, Significant at the 0.05 level 
(2-tailed).

The results reported in the Table 5 reveals that the 
demographic variables i.e. respondents’ discipline and 

university had insignificant effects on critical thinking 
skills, critical thinking dispositions and academic 
achievement of the students. However, gender had 
significant effects of on critical thinking skills (β= 
0.169, p < .003) and academic achievement (β= 0.318, p 
< .001). Therefore, all these demographic variables were 
taken as statistical control variables on the relationships 
between the predictor and dependent variables.

The results shown in Table 5 reveals that critical 
thinking based instructional practices (CTIPs) acted 
as a significant predictor (β=.168, p=.003) for science 
students’ critical thinking dispositions (CTD) in this 
study. This significant positive relationship between 
CTIPs and AA indicates that using critical thinking 
based instructional practices increases the university 
students’ academic achievement in our sample.

Table 3: Independent sample t test for gender difference of all variables.
SN Variables Gender N Mean Std t Sig. Mean Diff
1 Critical thinking skills Male 115 24.59 3.86 -3.046 .003 -1.251

Female 204 25.84 3.32
2 Critical thinking dispositions Male 115 94.17 15.29 .204 .838 .342

Female 204 93.83 13.79
3 Instructional practices Male 115 117.17 24.76 -4.110 .000 -10.71

Female 204 127.87 20.86
4 Academic achievement Male 115 3.03 0.38 -5.969 .000 -.253

Female 204 3.28 0.35

Table 4: One-way ANOVA comparing variables by departments of science faculty.
 SS df  MS F Sig.

Critical thinking 
skills 

Between groups 367.832 2 183.916 15.766 .000
Within groups 3686.187 316 11.665    
Total 4054.019 318      

Critical thinking 
dispositions 

Between groups 202.326 2 101.163 .491 .612
Within groups 64679.055 314 205.984    
Total 64881.382 316      

Instructional prac-
tices 

Between groups 2386.201 2 1193.101 2.295 .102
Within groups 164243.749 316 519.759    
Total 166629.950 318      

Academic achieve-
ment 

Between groups 5.145 2 2.573 19.574 .000
Within groups 41.529 316 .131    
Total 46.674 318      

Table 4.1: LSD Post Hoc test comparing variables by departments of science faculty.
Factors (I) Department ( J) Department Mean Difference (I-J) Std. Error. Sig
Critical thinking skills Physics Biological sciences 1.761* .488 .000

Physics Chemistry 2.479* .449 .000
Instructional practices Chemistry Physics 5.862 3.00 .050
Academic achievement Chemistry Biological Sciences .199* 0.052 0.000

Chemistry Physics .294* 0.048 0.000
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Table 5: Results regarding hypothesized relationships among predictors, moderators and criterion 
variables.
Sr. No. Control, independent and moderating variables Dependent variables (Standardized Betas, β)

Critical thinking 
skills (CTS)

Critical thinking 
dispositions 

Academic 
achievement

1 Control variables: Gender 0.169 (0.003)a -0.012 (0.838) 0.318b (0.000)
3 Discipline -0.093 (0.098) -0.030 (0.594) -0.091 (0.103)
4 University -0.082 (0.146) -0.086 (0.126) -0.065 (0.250)
5 Independent variables: Critical thinking 

instructional practices 
0.066 (0.239) 0.168 (0.003) 0.038 (0.502)

6 Critical thinking skills 0.474 (0.000)
7 Critical thinking dispositions 0.124 (0.027)
8 Moderating/interaction effects: Gender *ctips -0.003 (0.135)
9 Gender *ctss -0.001 (0.916)
10 Gender *ctds -0.007 (0.017)
11 Discipline* ctips 0.002 (0.519)
12 Discipline *ctss -0.012 (0.376)
13 Discipline *ctds -0.018 (0.591)
14 R2 0.004 0.028 0.001

a, The p-values are given in the parentheses; b, The significant effects are presented in bold.

Figure 2: Interaction effects for gender with independent and dependent variables.

The direct effects of CTIPs on critical thinking skills 
(CTS) and academic achievement (AA) were found 
insignificant which means that perceptions about the 
level of representation of CTIPs had no effect on 
science students’ critical thinking skills and academic 
achievement in this sample. The results shown in Table 
5 reveals that the effects of CTS (β=.474, p=.000) and 
CTD (β=.124, p=.027) were found significant for 
science students’ academic achievement. 

As far as the moderating effect of gender on 
the relationship between critical thinking based 
instructional practices and university students’ 
academic achievement is concerned, the results 
reported in Table 5, reveals that the interaction of 
gender with critical thinking based instructional 
practices (Gender *CTIPs) (β = -0.003 and p < .135) 
and gender with critical thinking skills (Gender 
*CTSs) (β= -0.001 and p < .916) had insignificant 

effects on students’ academic achievement. However, 
the interaction of gender with critical thinking 
dispositions (Gender *CTDs) had significant effect 
on students’ academic achievement (β= -0.007, p < 
.017).

The interaction of academic discipline with all 
independent variables of the study had insignificant 
effects on students’ academic achievement revealing 
that academic discipline did not moderate the 
relationship between independent variables and 
dependent variables.

All interaction effects reported in Table 5 are 
graphically portrayed in the following figures. The 
interaction of gender with CTIPs, CTSs, CTDs and 
AA are illustrated in the Figure 2. Furthermore, the 
interaction of departments with CTIPs, CTSs, CTDs 
and AA are illustrated in the Figure 3. 
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Figure 3: Interaction effects for departments with independent and dependent variables.

Table 6: Direct and mediating effects of critical thinking skills and critical thinking dispositions on 
relationship between critical thinking based instructional practices and academic achievement.
Sr. No. Mediated relationships Standardized Beta, β 95% CI (L.L. – U.L.) (p-value)

Direct effect
1 CTIPs AA .038 (-.0014– .0019) 0.502

Indirect effect
2 CTIPs CTS  AA 0.0293 (-.0226– .0815) n.s
3 CTIPs CTD  AA 0.0079 (-.0103– .0299) n.s

Total effect
4 CTIPs  AA + CTIPs  CTS AA + 

CTIPs CTD  AA
.0009 (-.0011– .0027) 0.352

Note: CTIPs, critical thinking based instructional practices; CTD, critical thinking dispositions; CTS, critical thinking skills; AA, 
academic achievement.

Table 6 shows the direct, indirect and total effect due 
to mediation of critical thinking skills and dispositions 
in the relationship between critical thinking based 
instructional practices of science faculty members 
as perceived by the students and their academic 
achievement. The results showed insignificant positive 
indirect effect of CTIPs on AA β = .0293, 95% CI = 
(-.0226, .0815) when mediated by CTSs and again 
insignificant indirect effect of CTIPs on AA β = 
.0079, 95% CI = (-.0103, .0299) when mediated by 
CTDs. Overall insignificant results of direct effect 
(β = .038, p< .005) and insignificant indirect effects 
indicated no mediation of CTSs and CTDs in the 
correlation between CTIPs and AA at p< .05. All 
these effects are reflected in the following Figure 4.

Figure 4: Direct (c′) and Indirect Paths (c) of the 
study variables. 

This study showed that there were significantly 
positive relationships among critical thinking skills, 
dispositions, interactive critical thinking based 
instructional practices and academic achievement of 
undergraduate science students. These findings are 
quite consistent with other studies conducted on this 
topic as discussed below, although it is rare for a single 
study to explore the interactions of these variables 
simultaneously. 

These results were consistent with many studies that 
established positive relationship between critical 
thinking dispositions and academic achievement 
(Ekinci and Aybek, 2010; Kanbay and Okanlı, 
2017; Tümkaya et al., 2009; Vierra, 2014); critical 
thinking skills and academic achievement (Abbasi 
and Izadpanah, 2018; Fong et al., 2017; Ghanizadeh, 
2017; Hashemi and Ghanizadeh, 2012; Ross et al., 
2013; Taghva et al., 2014; Vierra, 2014) and the 
effects of different interactive instructional practices 
on outcomes of critical thinking and academic 
achievement (Snyder and Snyder, 2008; Yang and 
Chou, 2008). These researchers found that critical 
thinking have a positive impact on academic 
performance and help students to succeed in their 

G. Ali and R.N. Awan



Journal of Innovative Sciences 
June 2021 | Volume 7 | Issue 1 | Page 65

academic field.

The results of current study revealed that instructional 
practices had significant positive effect on 
critical thinking dispositions, skills and academic 
achievement of science students. These results are 
similar and consistent with other studies that pointed 
out a positive significant effect of critical thinking 
based instructional practices on critical thinking and 
academic achievement of students (Gibbs and Coffey, 
2004; Moon, 2008; Schraw et al., 2006; Tuncer and 
Ozeren, 2012).

Results also revealed that critical thinking (both 
skills and dispositions) insignificantly mediated 
the relationship between critical thinking based 
instructional practices and academic achievement of 
students. This results were not consistent with the 
recent studies that pointed out a positive indirect 
effect of critical thinking based instructional practices 
on academic performance of higher education 
students through critical thinking (Gibbs and Coffey, 
2004; Moon, 2008; Schraw et al., 2006; Tuncer and 
Ozeren, 2012).These studies strengthened the notion 
that critical thinking may act as an underlying linking 
mechanism between instructional practices that 
promote critical thinking and academic achievement 
of students. 

A large number of studies have found that sometimes 
the level of critical thinking ability of respondents 
differs due to gender. These studies have found that 
there is relationship between gender and critical 
thinking ability (Gelen, 2002; Yeh, 1997). Some of 
them provide a contradictory picture in favor of men 
concluding that boys have higher level of critical 
thinking skills than those of girls (King et al., 1990).

On the contrary, in many studies, researchers have 
not found any significant difference between men and 
women in this regard (Myers and Dyer, 2006; Vahdat 
et al., 2012). They concluded that male and female 
students have comparable level of critical thinking 
abilities. In addition, the study conducted by Grant 
(2003) has discovered that the interaction between 
gender and critical thinking skills of students had no 
effect on their academic performance. Another study 
conducted by Ben et al. (2000) also supported this 
interaction concluding that gender has significant 
moderating effect on the correlation between critical 
thinking skills and academic achievement of students. 

The results of these studies have also revealed that 
critical thinking dispositions do not change due 
to gender. Similar to this result, Ekinci and Aybek 
(2010), Jenkins and Walker (2014), and Tümkaya et 
al. (2009) found that there is no gender difference in 
the critical thinking dispositions of higher education 
students.

However, findings of some studies support female 
students for having better critical thinking dispositions 
than males (Zayif, 2008). Research has shown that 
the critical thinking dispositions of respondents 
improve academic performance, and vice versa. Due 
to different samples and cultural background, there 
may be conflicts between these studies.

Myers and Dyer (2006) found that academic 
discipline significantly moderated the correlation 
between critical thinking skills and academic 
performance. According to their study critical 
thinking skills of science students is positively 
correlated with academic performance whereas 
critical thinking skills of arts students is negatively 
correlated with academic performance. These findings 
are consistent with Rodrigues and Oliveira (2008), 
who claimed that physics is a scientific discipline that 
supports the development of critical thinking skills 
among students. Myers and Dyer (2006) have found 
that respondents’ academic discipline significantly 
moderated the correlation between critical thinking 
skills and academic performance. According to their 
study critical thinking ability of science students is 
positively correlated with academic performance. 
These findings are consistent with Rodrigues and 
Oliveira (2008), who claimed that physics is the 
scientific discipline that supports the development of 
critical thinking skills among students. 

Recent research has highlighted the importance of 
critical thinking as an educational outcome that has 
become the need of modern society (Forst, 1997). 
Findings of this study supported by other studies 
have put emphasis on teachers, administrators, and 
curriculum planners to incorporate critical thinking 
based instructional practices in curriculum and 
instruction in their respective domains.

Conclusions and Recommendations

The data analysis revealed that critical thinking 
skills had a significant and positive association 
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with critical thinking dispositions and academic 
achievement of science students. While instructional 
practices promoting critical thinking had a significant 
and positive association with critical thinking 
dispositions. Gender wise comparisons revealed that 
female students’ performance was higher than male 
students regarding academic achievement and critical 
thinking skills and their perceived level of critical 
thinking based instructional practices was also higher 
than male students. 

Discipline wise comparisons revealed that physics 
students’ performance was higher than the students 
of chemistry and biological sciences regarding critical 
thinking skills. While the perceived level of critical 
thinking based instructional practices of chemistry 
students was higher than physics students revealing 
that teachers of chemistry department were employing 
better instructional practices for improving critical 
thinking in students and their students were better in 
their achievement as compared to other departments 
of science faculty.

Gender had significant moderating role in 
determining the relationships between critical 
thinking based instructional practices and academic 
achievement of science students. It means that female 
students showed higher academic achievement 
than males when exposed to higher levels of critical 
thinking based instructional practices. Similarly, 
gender had significant moderating effect on the 
relationships between critical thinking dispositions 
and academic achievement of university students. It 
means that male science students exhibiting higher 
levels of critical thinking dispositions perform better 
than female science students in terms of academic 
achievement. However, gender had insignificant 
moderating effect on the relationships between critical 
thinking skills and academic achievement of science 
students. It means that male and female university 
students exhibit insignificant differences in their 
academic achievement if they perform at the same 
levels of critical thinking skills. Academic discipline 
had insignificant moderating role in determining 
the relationships between independent variables and 
academic achievement of science students 

Mediation effect of critical thinking skills was verified 
for instructional practices and students’ academic 
achievement. However, mediating role of critical 
thinking disposition for instructional practices and 

students’ academic achievement was not verified.

Implications 
The present study was conducted to determine 
the role of critical thinking based instructional 
practices, critical thinking skills and critical thinking 
dispositions as predictors of academic achievement 
of undergraduate science students at university level 
in Pakistan. It proposed a conceptual framework 
containing an underlying mechanism of networked 
relationships among constructs to predict students’ 
academic achievement. The findings highlighted 
the fact that link between critical thinking based 
instructional practices and critical thinking (skills and 
dispositions) closely and deeply contribute towards 
academic achievement of higher education students. 

The results of this study put forward an empirical 
account of the current situation of the usage of 
critical thinking based instructional practices and 
their relationships with critical thinking skills, critical 
thinking dispositions, and academic achievement 
of science students at university level in Pakistani 
context. These findings had highlighted that university 
teachers need to improve instructional practices 
by adapting an interactive constructivist approach 
towards teaching and learning to foster the critical 
thinking among science students. In this regard 
the importance of student-centered instructional 
approaches had especially been emphasized to 
enhance the level of critical thinking and academic 
achievement of higher education students. 

 These findings of the study also provided theoretical 
and practical insights for theorists, practitioners 
curriculum developers, administrators and policy 
makers to improve the current level of critical 
thinking training by implementing student centred 
instructional designs in educational programs of 
universities in Pakistan and the higher education 
science instructors should reconsider their 
instructional practices for improving critical thinking 
of their students in Pakistan. 

However, instructional practices are not the only 
conditions that affect critical thinking and academic 
performance of higher education students. Other 
contextual and personal factors should also be 
explored to understand and improve the dynamics 
of these variables. Regarding this, one useful strategy 
might be providing conducive teaching and learning 

G. Ali and R.N. Awan



Journal of Innovative Sciences 
June 2021 | Volume 7 | Issue 1 | Page 67

environment that support the integration of critical 
thinking skills and dispositions in curriculum and 
instruction. 

In this study moderating effects of gender and 
academic disciplines (physics, chemistry and biological 
sciences) on the relationship between independent 
variables (critical thinking based instructional 
practices, critical thinking skills and dispositions) 
and dependent variable (academic achievement) had 
been explored. However, further research is required 
to determine whether the male/ female and sciences/ 
social sciences student have the same or different 
pattern of interaction of the studied variables through 
multi-group modeling. 

The researcher sampled 320 science students 
from three universities of the Punjab province, 
the parameters of the generalizability should be 
enhanced by replicating the study with larger and 
heterogeneous samples. As mentioned earlier a cross-
sectional descriptive correlational research design was 
employed in this study. This design is not sufficient to 
address causal relations and developments in students’ 
critical thinking skills and dispositions over a period 
of time. So it was strongly recommended for future 
studies to use experimental and longitudinal research 
designs with more inclusive sets of predictors.

This study was delimited to some perceived factors 
that were related to critical thinking and academic 
achievement of undergraduate science students, 
knitted in the framework of student-centered 
instructional approaches in literature. The future 
research may study more closely the educational, 
personal, and cultural factors as predictors of critical 
thinking and academic achievement of higher 
education students with a more heterogeneous 
Pakistani sample.

The researcher also realized the importance of cross 
cultural studies on this topic. A definite need was, 
therefore, felt for a series of systematic comparative 
studies across cultures on the dynamics of critical 
thinking based instructional practices, critical 
thinking and academic achievement at different levels 
of education. 

Novelty Statement

This study had highlighted the need to improve in-

structional practices of science teachers to develop 
and foster the critical thinking in undergraduate sci-
ence students. In this regard the current status of the 
use of student-centered instructional approaches in 
science teaching had especially been highlighted in 
relation to the current level of critical thinking and 
academic achievement of science students.
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