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Abstrak Penelitian ini bertujuan untuk menguji keefektifan problem-based calculus learning model 
(PB-CLM) terhadap higher-order thinking skills (HOTS) siswa. PB-CLM merupakan modifikasi 
dari sintaks model problem-based learning (PBL). Penelitian ini menggunakan rancangan quasi 
eksperimen dengan desain one group pretest-posttest yang melibatkan 351 siswa kelas XI sebagai 
populasi penelitian. Tujuah puluh satu siswa dari 2 kelas dipilih secara acak sebagai sampel. Data 
penelitian dikumpulkan dengan menggunakan pretest dan posttest yang dikembangkan dari 3 aspek 
HOTS; analisis, evaluasi, dan sintesis. Untuk mengetahui keefektifan PB-CLM digunakan paired 
sample t-test dan independent sample t-test dengan taraf signifikansi 5% (α = 0,05). Hasil analisis 
menunjukkan aktivitas siswa selama pembelajaran dengan PB-CLM efektif dalam meningkatkan 
HOTS (mean difference = 30,141; sig.one-tailed = 0,000). Lebih lanjut, tidak ditemukan perbedaan 
yang signifikan antara HOTS siswa laki-laki dan perempuan, baik pada pretest maupun posttest 
(mean difference = 0,81731; sig.= 0,295). Begitu pula peningkatan skor HOTS (posttest-pretest) juga 
tidak berbeda signifikan antara siswa laki-laki dan perempuan (mean difference = 0,88141; sig. one-
tailed = 0,740).  
 
Kata kunci Pembelajaran kalkulus berbasis masalah, Kemampuan berpikir tingkat tinggi, Gender 
 
Abstract This study aims to examine the effectiveness of the problem-based calculus learning model 
(PB-CLM) towards students’ higher-order thinking skills (HOTS). PB-CLM is a modification of 
problem-based learning’s (PBL) syntax. It was a quasi-experimental with a group pretest-posttest 
design involving 351 11th-grade students as the population. Seventy-one students of two classes were 
randomly selected as a sample. Data was collected through pretest and posttest developed from three 
aspects of HOTS; analysis, evaluation, and synthesis. To determine the effectiveness of PB-CLM, 
paired sample t-test and independent sample t-test with a significance level of 5% (α = 0.05) were 
used. The results show that students’ activities during the learning process in PB-CLM has a positive 
effect on increasing their HOTS (mean difference = 30.141; sig one-tailed = 0.000). Furthermore, 
there was no significant difference in HOTS among male and female students, both at the pretest and 
posttest (mean difference = 0.81731; sig.= 0.295). Likewise, the increase in HOTS scores (posttest-
pretest) did not differ significantly between gender (mean difference = 0.88141; sig. one-tailed = 
0.740). 
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Introduction 

Higher-order thinking skills (HOTS) is one of the competencies, which become an essential 
part of Kurikulum 2013 (K-13) implemented in Indonesia as well as the 21st-century education 
framework. Learning models recommended in implementing the curriculum are those that can 
facilitate students’ HOTS. HOTS cannot be taught, because it is an indirect impact on learning. 
This is because HOTS is not just an understanding of mathematical concepts, but is obtained 
from the process of constructing mathematical concepts, and how these concepts are used. 
Instead of teaching it, HOTS can only be developed through learning activities (Hu et al., 2013; 
Sun, Wang, & Wegerif, 2020). Several studies uncover learning models that can develop 
students' HOTS, especially in mathematics learning (Akyol & Garrison, 2011; Chinedu, Olabiyi, 
& Kamin, 2015; Maharaj & Wagh, 2016; Roets & Maritz, 2017). From these studies, it is 
revealed that learning activities that provide opportunities for students to be active in learning 
are the key to develop HOTS (Akyol & Garrison, 2011; Djidu & Jailani, 2017a; Limbach & 
Waugh, 2010; Miri, David, & Uri, 2007). In addition, developing students’ HOTS can be 
facilitated by actively involving them in discussion activities related to a problem or 
phenomenon (Miri et al., 2007) and providing opportunities for them to collaborate in problem-
solving (Akyol & Garrison, 2011; Miri et al., 2007). These activities can be pursued by 
conditioning students in group learning (Collins, 2014; Goethals, 2013) and providing real-world 
problems (Miri et al., 2007) that are unstructured and close to students’ life.  

It is true that the learning principles mentioned above have been empirically proven to 
develop students' HOTS. A number of studies have shown that learning models that apply these 
principles, such as Problem Based Learning (PBL), Project-Based Learning (PjBL), Discovery 
Learning (DL), can develop students' thinking skills (Barak & Yuan, 2021; Chen & Yang, 2019; 
Clements & Joswick, 2018; Mashuri, Djidu, & Ningrum, 2019; Zhou, Li, Wu, & Zhou, 2020). 
However, whether its effectiveness is applicable to all topics of mathematics, there is not enough 
empirical evidence. The different characteristics of each topic in mathematics affect the 
effectiveness of a learning model. 

Experimentation on the PBL model in mathematics learning has been carried out by many 
previous studies. A meta-analysis conducted by Yunita et al. (2020) on 19 studies related to PBL 
in Indonesia found that it was effective in improving students' creative thinking. The results of 
this study also show that there is a tendency that the level of effectiveness decreases when given 
more than 4 lessons. In addition, the number of studies analyzed in relation to the duration of 
treatment was not sufficiently balance between those that were less than 4 lessons (only 3 
studies) and those with more than 4 studies (16 studies). The variability in the effect size of the 
19 studies analyzed was one of the reasons for this conclusion. Chinedu et al. (2015) conducted 
a literature review related to the strategies used in improving HOTS. One of their 
recommendations is to use the PBL model. However, they did not provide an explanation of 
whether this learning model could be applied to all learning topics or not. Mokhtar, Tarmizi, 
Tarmizi, and Ayub (2010) revealed the positive effect of PBL on students’ HOTS. However, the 
study was conducted on 44 college students, not high school students. Therefore, the conclusions 
obtained in this study cannot be generalized in calculus learning in high school. 

In this study, the learning model used is the problem-based calculus learning model (PB-
CLM), which is a modification of PBL and designed for learning mathematics on secondary 
school calculus material (Djidu & Jailani, 2018). In its development, PB-CLM has met the 
criteria of practicality and effectiveness (Djidu & Jailani, 2018) according to the criteria 
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proposed by Plomp (2013). However, the effectiveness only measured by the percentage of the 
number of students who achieve the cut score. An experimental approach is needed to find out 
how effective it is on a broader scale. Therefore, this study is a continuation of the model 
development research, which aims to examine the effectiveness of the PB-CLM on students’ 
HOTS. This study attempts to provide empirical evidence to answer the question of whether the 
learning of calculus in secondary schools can be facilitated by using a problem-based learning 
model or not. Besides, this study also aims to evaluate the comparison of students' HOTS to 
determine the differences between male and female HOTS, before and after learning with PB-
CLM. There are two main differences between this study and previous studies (e.g., Chinedu et 
al., 2015; Mokhtar et al., 2010; Yunita et al., 2020). First, the learning model experimented on 
in this study is the modification of the problem-based learning’s (PBL) syntax PBL. Second, in 
addition to revealing the effectiveness of PB-CLM, this study also reveals how the comparison 
of students’ HOTS in terms of gender differences (male and female) before and after 
participating in learning using PB-CLM. 
 
Theoretical Review 

In accordance with the problems described above, this study will discuss the effectiveness 
of a learning model, namely PB-CLM, on students’ HOTS. Therefore, the following section 
accounts for the results of the review of theories related to the learning model, PB-CLM, and 
HOTS. 
 
Learning model 

A learning model is a conceptual and operational framework that contains all components 
of learning activities (from beginning to end) and describes the procedures for implementing 
learning activities. The learning model is also known as Instructional Design or ID (Alonso, 
López, Manrique, & Viñes, 2005; Lee & Jang, 2014), Design Instruction or DI (Lo & Hew, 
2017), and learning blueprints (Eggen & Kauchak, 2012), which are related to the learning 
environment and teacher activities in the learning process (Joyce, Weil, & Calhoun, 2009). The 
learning model also displays operational procedures for implementing the learning process 
(Gunter, Estes, & Schwab, 1990) to achieve the formulated goals (outputs and outcomes) that 
have been planned through the model (Gunter et al., 1990; Joyce et al., 2009). Therefore, a 
learning model serves to guide learning to be effective, efficient, and systematic (Eggen & 
Kauchak, 2012) so that learning goals can be achieved (Gunter et al., 1990). In other words, 
before teachers enter the classroom to start lessons, the teachers plan what goals to achieve, and 
in what ways those goals will be achieved. 

We have reviewed the components of the learning model in previous studies (2017-2018) 
with the theme of developing HOTS and character-oriented learning models (Apino & 
Retnawati, 2017; Djidu & Jailani, 2017a, 2018; Djidu & Retnawati, 2018). From these studies, 
it was found that the learning model consists of seven components, namely (1) objectives, (2) 
theoretical basis, (3) learning syntax, (4) social systems, (5) principles of reaction, (6) support 
systems, and (7) learning outputs and outcomes. Descriptions of each of these components can 
be seen in (Djidu & Jailani, 2017b) and (Djidu & Jailani, 2018). In this study, we no longer focus 
on discussing the components of the model but only discussing how the effectiveness of the 
model on students' HOTS.  
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PBL and PB-CLM 

PBL is a student-centred learning model (Arends, 2012), which makes contextual problems 
(real-world problems), complex and unstructured as a starting point for learning (Deep et al., 
2020), and not oriented only to finding problem solutions, but also to the problem-solving 
process itself (Nurtanto, Fawaid, & Sofyan, 2020). PBL is expected to help students understand 
concepts through discovery and problem-solving activities (Mashuri et al., 2019). To achieve 
this, student involvement in the learning process is one of the keys to the success of PBL (Arends 
& Kilcher, 2010). 

PBL is a learning driven by problems (Ajai & Imoko, 2014; Moust, Bouhuijs, & Schmidt, 
2021). One of its characteristics is that learning begins with the presentation of the problem. 
Problems posed to students must be able to provide new information (knowledge) before they 
can solve the problems. The learning is more than just finding solutions to a given problem, but 
students must be able to interpret a given problem, gather important information, identify 
possible solutions, evaluate solution options or ways, and draw conclusions. PBL also shapes 
students into flexible and successful thinkers as problem solvers (Ertmer & Simons, 2006), 
strengthen their soft skills (Deep et al., 2020), and trains them to improve their thinking skills 
(Sastrawati, Rusdi, & Syamsurizal, 2011; Sumarmo & Nishitani, 2010). 

PBL can be modified and adjusted to the learning outcomes to be achieved, both in the form 
of knowledge and skills. Several studies provide recommendations for the modification of PBL. 
Luks (2013) suggests that PBL modification with various active learning components can 
increase student activeness in the learning process. Modifications made include facilitating and 
providing initial knowledge for students to understand and solve problems (Liceaga, Ballard, & 
Skura, 2011). Salin (2011) also made modifications with the aim of giving students a real picture 
of the environment, the conditions they will face.  
 

 
Figure 1. Comparison of PBL and PB-CLM Syntax 

 
In this study, we developed the PBL-CLM syntax by restructuring the PBL syntax (Figure 

1), starting by categorizing PBL activities into two categories (problem management and 
classroom management). This categorization aims to obtain a sequence of HOTS-oriented 
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learning activities. In addition, considering that PB-CLM was developed to develop students' 
HOTS in calculus learning in secondary schools (Djidu & Jailani, 2018), contextual problems 
related to secondary school calculus were also developed to be used in the learning process. 
 
HOTS 

Some experts argue that HOTS is the ability to solve problems or new tasks that are not the 
same (different) with tasks that are never solved before (Brookhart, 2010, p. 5; Mainali, 2012; 
Thompson, 2008), by involving several criteria that are not known at the beginning (Rubin & 
Rajakaruna, 2015), so that it will lead a person to a deep understanding of something that is 
being studied (Moseley et al., 2005). HOTS does not just understand concepts or facts, but makes 
connections, categorizes, manipulates, or applies existing facts and concepts to new situations 
(Thomas & Thorne, 2009).  

HOTS will support students’ achievement (Brookhart, 2010). A well-developed HOTS will 
also support students to prepare themselves for the rapid development of science, technology, 
and economics (Yen & Halili, 2015). In addition, students who have HOTS will be able to solve 
problems effectively (Snyder & Snyder, 2008,) In other words, HOTS will support the 
improvement of the quality of students’ life (Limbach & Waugh, 2010) because they are ready 
with the knowledge and skills to solve problems in everyday life. 

In the cognitive domain, HOTS refer to the last three levels in Bloom's taxonomy revision, 
namely analysis, evaluation, and synthesis (Anderson & Krathwohl, 2015; Ramirez & Ganaden, 
2008; Saido, Siraj, Nordin, & Al-Amedy, 2015). A person who has the ability to think at a high 
level is measured by using standards in accordance with these characteristics. In this case, the 
ability to analyze, evaluate, and synthesize (create) can be seen as aspects of HOTS. 

In this study, HOTS refers to the top three levels of the cognitive domain of Bloom's 
taxonomy, namely analysis, evaluation, and creation. Anderson and Krathwohl (2015) explain 
that analysis involves the ability to sort a given material or component into several small parts 
and determine how the relationship between parts and between each part and its overall structure. 
This aspect can be seen from the ability to distinguish relevant and irrelevant information related 
to problems, and the ability to describe appropriate procedures for solving problems. Evaluation 
is defined as making decisions based on criteria. The criteria used are usually related to quality, 
effectiveness, efficiency and consistency (Anderson & Krathwohl, 2015). This aspect can be 
measured by the ability to judge the truth of a statement, assumption, or mathematical process 
and the ability to interpret the solution to a problem. The last aspect, namely creation, involves 
the process of arranging the elements into a coherent or functional unit (Anderson & Krathwohl, 
2015). This aspect can be measured by the ability to develop conjectures or patterns, draw 
conclusions based on data, and modify data to fit criteria. 

  
Methods 

This research is a quasi-experimental study using a one-group pretest-posttest design. The 
population in this study were 351 students from 10 classes. Of the 10 learning classes, there is 
one class (A) with higher ability than the others, while the remaining (B to J) has almost the 
same characteristics (medium ability). Therefore, the sample used is two classes originating from 
class A and class D as a representation of the high and medium ability classes. Sampling in this 
way was carried out because researchers could not randomize students (Creswell, 2012; Kirk, 
1995). The two selected classes were then given the same treatment, namely following the 
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learning on derivative functions using PB-CLM. Before and after learning, students were given 
a test to measure students' HOTS before and after learning using PB-CLM. 

The data collected in this study was quantitative data from the HOTS test before 
participating in learning (pretest) and after learning using PB-CLM (posttest). Students’ HOTS 
data was collected using multiple-choice test instruments in the form of pretest HOTS and 
posttest HOTS. The multiple choices format was chosen as it can measure both knowledge and 
higher-level learning outcomes (Orlich et al., 2010; Nitko & Brookhart, 2011). The pretest and 
posttest were developed from three aspects, namely: (1) analysis, (2) evaluation, and (3) 
synthesis/creation. Each of the test consisted of 10 questions. Figure 2 shows samples of items 
to measure students' HOTS in each aspect. 

The instrument to measure students’ HOTS was validated and declared feasible by 3 
measurement experts. Furthermore, the instrument was tested on 154 students who had studied 
the topic. Their responses were analyzed using the classical test theory approach (CTT). Data 
analysis was performed using Iteman 3.00 software. From the analysis of the data obtained: (1) 
difficulty level (p) = 0.564 which means the instrument is at a moderate level of difficulty (Allen 
& Yen, 1979), (2) discrimination (biserial) = 0.733 which means the instrument has a very good 
discrimination power (Allen & Yen, 1979; Ebel & Frisbie, 1991), (3) All distractors were 
selected by a minimum of 5% of participants, which means that they are good distractors (Allen 
& Yen, 1979), (4) the estimated reliability (𝛼𝛼) was 0.600, and (5) the Standard Error 
Measurement (SEM) = 1.306. The estimation results of the instrument reliability that produce a 
value of 0.6 have met and been accepted and are suitable for use in conducting classroom 
assessments (Ary, Jacobs, Sorensen, & Razavieh, 2010; Ebel & Frisbie, 1991). 

The data was analyzed to determine the students' HOTS before and after participating in 
learning using PB-CLM. Firstly, a descriptive analysis was conducted to determine the 
maximum, minimum, mean and standard deviation values of HOTS data at the pretest and 
posttest. Descriptive analysis was also conducted to determine the abilities of male and female 
students in each aspect of HOTS. Secondly, the effectiveness of PB-CLM was analyzed by 
performing a paired sample t-test. The paired sample t-test was used because the scores 
compared came from the same sample (Nolan & Heinzen, 2012). Before the effectiveness test 
is carried out, an assumption test is first carried out to prove that the change (delta) in the pretest 
and posttest scores is normally distributed (Nolan & Heinzen, 2012). To prove it, a one-sample 
Kolmogorov-Smirnov test was conducted with the following hypothesis. The null hypothesis is 
that the delta score comes from a population that is normally distributed. The null hypothesis is 
accepted if the significance value is greater than or equal to α (0.05). If the assumptions have 
been met, then the PB-CLM effectiveness test is carried out using the paired sample t-test using 
the following hypothesis. 𝐻𝐻0: 𝜇𝜇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝜇𝜇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 or the average HOTS of students before and 
after learning was not significantly different. The criteria for rejection of 𝐻𝐻0 is if the sig. (1-
tailed) < α (0.05). That is, PB-CLM is said to be effective if the analysis results show sig. (1-
tailed) < α (0.05) and the average HOTS score of students on the posttest is greater than the score 
at pretest. 

Thirdly, the comparison of HOTS scores between male and female students was analyzed 
using an independent sample t-test because the data comes from two different sample groups 
(male vs female) (Nolan & Heinzen, 2012). At this stage, the mean difference test was carried 
out twice. First of all, the mean difference test on the HOTS scores of male and female students 
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as a whole (pretest and posttest), with the null hypothesis 𝐻𝐻0: 𝜇𝜇𝐻𝐻𝐻𝐻𝐻𝐻_𝐹𝐹 = 𝜇𝜇𝐻𝐻𝐻𝐻𝐻𝐻_𝑀𝑀 (the mean scores 
of male and female students’ HOTS is not significantly different).  
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Figure 2. The excerpt items of the test 

  
Then, the mean difference test of the delta scores of male and female students’ HOTS, with the 
null hypothesis 𝐻𝐻0: 𝜇𝜇𝐻𝐻𝐻𝐻𝐻𝐻_∆𝐹𝐹 = 𝜇𝜇𝐻𝐻𝐻𝐻𝐻𝐻_∆𝑀𝑀 (the mean of the delta scores of male and female 
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students' HOTS scores were not significantly different). The criteria for rejection of 𝐻𝐻0 is if the 
sig < α (0.05). After the data analysis was completed, interpretation was carried out to answer 
the research questions. 
 
Findings and Discussion 

Descriptive statistics of students' HOTS scores  

The results of the descriptive analysis of the pretest data (Table 1) showed that the students' 
HOTS was very low (the categorization criteria can be seen in Ichsan et al., 2019; Purwanto et 
al., 2020). This is indicated by the average HOTS score of the students was only 27.75 with a 
maximum score of 60. There were even 5 students with the lowest score (score = 0). In Figure 
1, it is shown that most student scored less than 60. Of the 71 students, 65 or 91.55% of students 
scored less than 60, and only 5 students (8.45%) achieved a score of 60. 

 
Table 1. The descriptive statistics of students' HOTS 

 Pretest Posttest 
Maximum 60 80 
Minimum 0 10 
Average 27.75 57.61 
St. Dev. 17.254 12.924 

 
Meanwhile, the posttest results (Table 1) show that the average HOTS score of students has 

increased to 57.61, with a maximum score of 80. Although this average has not reached the high 
category, students with low scores have shown progress in their learning outcomes. This is 
evident from the results of the analysis of the distribution of student scores (Figure 3), which 
show that the distribution of student scores less than 60 has decreased. A total of 49 students 
(69.01%) had achieved a minimum score of 60, while 15 students (21.13%) reached a score of 
50 and only 7 students (9.86%) with a score below 40. 

 

 
Figure 3. Distribution of students’ HOTS scores 

 
The increase in student scores is in line with the increase in students' abilities in every aspect 

of HOTS (ability to analyze, evaluate and synthesize). Even though the students' HOTS at the 
pretest was still in a very low category, the posttest results showed that the students' abilities in 
all aspects of HOTS had increased. The results of the analysis of students' abilities (Figure 4) 
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shows that the HOTS aspect that has the most improvement is the ability to evaluate, following 
by the ability to analyze and the ability to synthesize. The ability to analyze has increased from 
0.275 to 0.585 (on a scale of 0-1). The ability to evaluate increased from 0.268 to 0.810, while 
the ability to synthesize increased from 0.282 to 0.495.  

 

 
Figure 4. The improvement of students’ ability to analyze, evaluate, and synthesize 

 
Apart from that, we analyzed students' HOTS by gender (Figure 5). The results showed that 

the increase in students' abilities in analyzing, synthesizing, and evaluating occurred in male and 
female students. Students' ability to analyze has increased from 0.31 to 0.61 (male), and from 
0.24 to 0.56 (female). Students' ability in evaluating increased from 0.27 to 0.83 (male), and 0.27 
to 0.79 (female). Meanwhile, the students' ability to synthesize increased from 0.28 to 0.49 
(male) and from 0.29 to 0.50 (female). These results reaffirm that the ability that has increased 
the most for male and female students is the ability to evaluate. Meanwhile, the ability to 
synthesize is the ability to have the lowest increase. 

 

  
Figure 5. A comparison of male and female students’ HOTS 

 
Effectiveness of PB-CLM on students' HOTS 

As described in the above section of the research method, before the effectiveness test was 
carried out, a pretest and posttest delta score data normality test was carried out. The results of 
the data normality test for the difference between the pretest and posttest scores using the one-
sample Kolmogorov-Smirnov test is presented in Table 2. The results of the analysis show that 
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the Kolmogorov-Smirnov Z value is 1.16 with a sig (1-tailed) of 0.131 /2 = 0.066. This means 
that the null hypothesis of the data normality test is accepted, which means that the pretest and 
posttest delta scores come from a normally distributed population. 

 
Table 2. Normality test result 

 pretest-posttest 
Kolmogorov-Smirnov Z 1.168 
Asymp. Sig. (2-tailed) 0.131 

 
Referring to Table 2, then the PB-CLM effectiveness analysis was carried out using the 

paired sample t-test (Table 3 and Table 4). Table 3 shows the correlation between the pretest and 
posttest, while Table 4 shows the results of the mean difference between the pretest and posttest. 
Conclusions about the effectiveness of PB-CLM are drawn based on the value of the data 
analyzed in Table 4. 

 
Table 2. Paired samples correlations 

  N Correlation Sig. 
Pair 1 Pretest & Posttest 71 0.462 0.000 

 
The results of data analysis (Table 3) shows that the pretest and posttest scores have a 

significant correlation, namely 0.462. Meanwhile, Table 4 shows the t value of -15.883 with sig. 
(1-tailed) of 0.00 /2 = 0.00, which means that the null hypothesis is rejected, or in this case the 
average HOTS score of students and after learning is significantly different. Furthermore, based 
on the results of the analysis regarding the difference in the mean pretest and posttest, it was 
found that the difference between the posttest and pretest was 30.141 (positive), which means 
that the posttest score is greater than the pretest. Thus, it can be concluded that PB-CLM is 
effective in increasing students' HOTS. 

 
Table 4. Paired samples t-test (pretest vs posttest scores) 

 Paired Differences t df Sig. 
(2-tailed)  Mean Std. Deviation Std. Error Mean 

Posttest - Pretest 30.141 15.990 1.898 -15.883 70 0.000 
 
Comparison of HOTS among male and female students 

The results of data analysis (Table 5 and Table 6) show that the mean HOTS score of male 
students is not different enough from that of a female with a mean difference of only 0.81731 
(scale 0-100). From the results of this descriptive analysis, there is an indication that the mean 
scores of these two groups are not significantly different. 

 
Table 5. Descriptive statistics of students’ HOTS (Male vs Female) 

Gender N Mean Std. 
Deviation 

Std. Error 
Mean 

Male 64 43.1250 20.69238 2.58655 
Female 78 42.3077 21.97537 2.48822 
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The results of the data analysis in Table 6 show that the mean difference between the two 
groups (male vs. female) is not significantly different. The significance value (sig.) = 0.295 
(sig.> 0.05) means that the null hypothesis is accepted, so it is concluded that the mean scores 
HOTS of male and female students do not differ significantly. 

 
Table 6. Mean difference of male and female students’ HOTS 

Male vs Female Levene’s Test for Equality of variances t-test for Equality of Mean 
F Sig. t df Mean Difference 

Overall score 1.103 0.295 0.226 140 0.81731 
Delta score 

(posttest - pretest) 1.111 0.740 0.228 69 0.88141 

 
Furthermore, the results of the analysis on the mean difference of the delta scores of the HOTS 
of male and female students were also not different. The significance value (sig.) = 0.740 
(sig.>0.05) means that the null hypothesis is also accepted. That is, the increase in their HOTS 
(male vs female) after taking PB-CLM was no different. 
 
Discussions 

Effectiveness of PB-CLM on students’ HOTS 

The results of this study show that PB-CLM is effective in increasing students' HOTS. This 
result is inseparable from the learning design used in PB-CLM which enable students to 
participate and be active in every learning process. The activities carried out by students in the 
learning process have trained students to analyze, evaluate and synthesize (create). The activities 
designed in PB-CLM are contained in operational steps carried out during the learning process 
which consists of six operational steps (see Table 7).  

 
Table 7. Aspects of HOTS developed through the learning activities in PB-CLM 

PB-CLM Syntax Students’ Activities Aspects of 
HOTS 

Step-1 
Problem presentation 

 observing 
 asking Analyze 

Step-2 Organizing 
students to learn 

 observing 
 asking 
 taking individual roles in the group 

Analyze 

Step-3 
Problem identification 
and formulation 

 identifying important information from the 
problem 

 distinguishing relevant and irrelevant information 
Analyze 

Step-4  
Investigation and problem 
solving 

 planning solving procedures; 
 choosing a solution strategy 
 creating ideas 
 making patterns 
 making conjectures 
 choosing relevant concepts according to context, 
 evaluating problem-solving processes and 

solutions 

Evaluate & 
synthesize 

Step-5   communicating mathematical ideas in various 
ways Evaluate 
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PB-CLM Syntax Students’ Activities Aspects of 
HOTS 

Presentation of problem-
solving results 

 evaluating ideas from other groups 

Step-6 
Assessment and drawing 
conclusion 

 assessing mathematical 
statements/predictions/procedures made by their 
own group or other groups 

 interpreting the obtained solution according to the 
context 

 making conclusions 
 drawing logical conclusions from the results of 

problem-solving 

Evaluate & 
Synthesize 

 
The activities in PB-CLM are indeed no different from activities in PBL, but PB-CLM 

focuses on activities that practice HOTS aspects, as mentioned by Maharaj and Wagh (2016) 
about eight learning activities that can develop students' HOTS. The problems in PB-CLM are 
presented in various ways, either in writing (using worksheets), conveyed verbally, or by direct 
visualization or using media such as video recordings. The problems given are problems that 
have relevance to the daily life of students. One example of a problem used (Figure 6) is as 
follows. 
 

 

Important 
information 
related to the 
problem 

 

Questions related 
to the problem 

Figure 6. Students identified important information and asking questions 
 

 The problem is presented so that students are motivated, and a sense of curiosity arises to 
solve the problem. Furthermore, in the second phase (problem identification and formulation) 
students are given the opportunity to analyze the problem by writing down the information 
contained in the problem. Students are asked to sort important information from various 
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information on the problem and make questions related to the problems (see Figure 6). This 
phase also aims to train students' ability to analyze. 

The results of the analysis of the information in the problem are used by students in 
conducting investigations and solving problems. Activities undertaken by students include 
planning problem-solving procedures, choosing strategies, creating ideas, making assumptions, 
making patterns, modifying existing concepts to fit the context of the problem, and evaluating 
the processes and results obtained before drawing conclusions logically based on the information 
and results obtained. These activities train students' ability to synthesize (create) and evaluate. 

The results of the investigation and problem solving are then presented in front of the class. 
The activities carried out by students were communicating mathematical ideas using various 
methods and providing arguments for their friends' responses, while the other groups evaluated 
the ideas and ideas of students who made presentations. At this stage, the ability of students to 
evaluate or provide reassessment is trained. After obtaining solutions to existing problems, 
students assessed several solutions that had been presented by several groups (Figure 7). At this 
stage, students interpret the solutions obtained in accordance with the context being studied, 
determine the most effective and efficient solution steps, and draw conclusions. Therefore, this 
stage trains students' ability to evaluate and be creative. 

 
Substitution on function

 

Using inequality 

 
Figure 7. Students tried to solve the problem using a different mathematical concept 

 
Although the activities described above support the development of students’ HOTS, the 

teacher's role is also very important in maintaining the learning process as it should, as the results 
of studies Deep et al. (2020) and Mitani (2021) that a teacher's role as a facilitator to train 
students' thinking skills is important. To avoid student confusion when participating in the 
learning process, the teacher's role as facilitator and mediator is needed. During the learning 
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process, the teacher facilitates students by providing scaffolding in the form of questions that 
lead students to a deeper understanding such as "what if?", "why is that?", or "Where is the 
error?". The questions are thus given so that students evaluate the ideas they have made, the 
mathematical steps they have taken, and the solutions they have obtained. The frequency of 
giving scaffolding during the implementation of this study PB-CLM was adjusted to the 
conditions and abilities of the students. 

In the implementation of PB-CLM, students are still not familiar with a learning activity 
that requires them to be more active during the learning process. Therefore, teachers tend to 
provide a lot of help, using questions like those mentioned above. This assistance is given to all, 
not only students who experience difficulties or those who make misconceptions. This condition 
makes them accustomed to evaluating the ideas and results they get. This can be seen in the 
results of the analysis of students' abilities in each aspect of HOTS which is shown in Figure 4 
and Figure 3 which shows that the ability of students to evaluate (male and female) has increased 
significantly. Meanwhile, the ability to synthesize is the ability that has increased the least. This 
affirms that they are not yet optimally engaged in activities that require synthesize (create) 
abilities, such as planning the completion process, making predictions, making patterns, or 
making conclusions. 

Based on the results related the effectiveness of PB-CLM on students’ HOTS, it can be 
concluded that the effectiveness of PB-CLM in increasing students’ HOTS is the impact of the 
their activities during learning process that develop HOTS. The designed activities are activities 
that train HOTS, supported by activities of teachers who provide facilitation and mediation to 
students during the learning process. In Table 5, it is shown how the relationship between student 
activities and the abilities being trained. This means that every stage of PB-CLM trains students' 
HOTS. 

As stated in the previous section, this PB-CLM is a modification of the PBL model. 
Therefore, the findings of this study indicate that PBL can be used to teach calculus. In addition, 
students’ activities during the learning process have a positive effect on increasing their HOTS. 
The effectiveness of PB-CLM in increasing students’ HOTS has relevance to several previous 
research results which revealed that PBL has a positive correlation with students' thinking skills 
(Mokhtar et al., 2010; Rajagukguk & Simanjuntak, 2015; Redhana, 2012; Wynn, Mosholder, & 
Larsen, 2014).  
 
Comparison of HOTS among male and female students 

Regarding the HOTS scores between male and female students, we find that they are not 
significantly different. In general, at the pretest and posttest, they have the same performance. 
Likewise, in terms of increasing their abilities, they showed an increase in abilities at the same 
level after participating in learning with PB-CLM. The results of this study are in line with the 
results of a study conducted by Awofala (2017), Makarova, Aeschlimann, and Herzog  (2019), 
Alghadari, Herman, and Prabawanto (2020), and Chongo, Osman, and Nayan (2020) who did 
not find any significant difference between the thinking skills of male and female students in 
secondary school. The significant difference lies in the basic mathematical ability and 
mathematical self-efficacy between male and female students (Alghadari et al., 2020). However, 
many other studies have found significant differences between the thinking abilities of male and 
female students (Arslan, 2012; Istiyono, Widihastuti, Supahar, & Hamdi, 2020; Lin & Tsai, 
2018; Retnawati & Wulandari, 2019). These studies found that female showed better 
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performance than male (Arslan, 2012; Istiyono et al., 2020; Lin & Tsai, 2018; Retnawati & 
Wulandari, 2019).  

The results of this study suggest strongly that the question is not whether a male is more 
capable at mathematics than a female, but rather, how are our teaching practices in mathematics 
affecting the HOTS of male and female differently and who is benefiting more. Interestingly, 
this PB-CLM model has resulted in an increase in HOTS with an increase that does not differ 
between male and female. The effectiveness of PB-CLM is not influenced by gender differences, 
or in other words, both male and female students can be facilitated in this learning model. 
Meanwhile, as the results of this study showed that there was no significant difference in the 
increase in HOTS of male and female students. It was in line with the results of the study of 
Fuad, Zubaidah, Mahanal, and Suarsini (2017) that the interaction between learning models and 
gender does not significantly affect the thinking ability of students in high school. 

Unfortunately, we did not have more comprehensive data regarding other variables that 
might affect the HOTS of male and female students. He and Wong (2011) mention a number of 
studies that have attributed gender differences in thinking ability to several factors, such as 
biological, cultural-historical, evolutionary, and social-environmental. To obtain more 
comprehensive results, we need to consider a meta-analysis to obtain a clearer picture of gender 
comparisons in terms of their thinking ability and various other variables that influence them. In 
this study we only focus on gender comparison in terms of HOTS, and how the PB-CLM model 
we developed affects it. 

 
Conclusion and Implication 

Based on the description of the results of this study, several conclusions were obtained. 
Firstly, students’ conditioning during the learning process in PB-CLM has a positive effect on 
increasing the HOTS of the student. Students' abilities in the domains of analysis, evaluation, 
and synthesis have increased simultaneously. The increase in the synthesis aspect has not 
significant enough. The most significant increase occurred in the analysis aspect. Secondly, there 
was no significant difference between the HOTS of male and female students, both before and 
after participating in the PB-CLM. 

The results of this study imply that the PB-CLM model can be used for learning 
mathematics in secondary schools. An increase in the HOTS of male and female students (and 
the increase is not different) indicates that this model is not affected by gender differences, which 
means that PB-CLM is suitable for both male and female students. Lastly, although this model 
has succeeded in increasing students' HOTS, there are some challenges in its implementation. 
First, time management is crucial in this model. Second, teachers need to consider various 
contexts related to mathematical concepts that will be studied by students. As we know, not all 
math concepts in secondary school can be easily found in students' daily lives, so teachers need 
to prepare for this properly. Third, students who are not familiar with learning models that 
require them to be actively involved in the learning process will find it difficult to participate in 
learning activities. With habituation, we hope that students will realize the importance of being 
actively involved in developing their knowledge and skills in the learning process. 

 
 
 
 



Djidu, H., Jailani & Retnawati, H.  
 
 

122 
 

 

References 
Ajai, J. T., & Imoko, B. I. (2014). Gender differences in mathematics achievement and retention scores: 

A case of problem-based learning method. International Journal of Research in Education and 
Science, 1(1), 45-50. 

Akyol, Z., & Garrison, D. R. (2011). Understanding cognitive presence in an online and blended 
community of inquiry: Assessing outcomes and processes for deep approaches to learning. British 
Journal of Educational Technology, 42(2), 233–250. Doi: 10.1111/j.1467-8535.2009.01029.x 

Alghadari, F., Herman, T., & Prabawanto, S. (2020). Factors affecting senior high school students to solve 
three-dimensional geometry problems. International Electronic Journal of Mathematics Education, 
15(3), 1-11. Doi: 10.29333/iejme/8234 

Allen, M. J., & Yen, W. M. (1979). Introduction to measurement theory. Monterey, CA: Wadstworth. 
Alonso, F., López, G., Manrique, D., & Viñes, J. M. (2005). An instructional model for web-based e-

learning education with a blended learning process approach. British Journal of Educational 
Technology, 36(2), 217–235. Doi: 10.1111/j.1467-8535.2005.00454.x 

Anderson, O. W., & Krathwohl, D. R. (2015). Kerangka landasan untuk pembelajaran, pengajaran, dan 
asessmen: Revisi taksonomi pendidikan Bloom (Trans. A. Prihantoro). New York, NY: Longman. 

Apino, E., & Retnawati, H. (2017). Model Creative problem solving berorientasi higher order thinking 
skills (HOTS). Yogyakarta: Parama Publishing. 

Arends, R. I. (2012). Learning to teach (9th ed.). New York, NY: McGraw-Hill. 
Arends, R. I., & Kilcher, A. (2010). Teaching for student learning: Becoming an accomplished teacher. 

New York: Routledge. Doi: 10.4324/9780203866771 
Arslan, S. (2012). The influence of environment education on critical thinking and environmental attitude. 

Procedia - Social and Behavioral Sciences, 55, 902–909. Doi: 10.1016/j.sbspro.2012.09.579 
Ary, D., Jacobs, L. C., Sorensen, C., & Razavieh, A. (2010). Introduction to research in education (8th 

ed.). Belmont, CA: Wadsworth. 
Awofala, A. O. A. (2017). Assessing senior secondary school students’ mathematical proficiency as 

related to gender and performance in mathematics in Nigeria. International Journal of Research in 
Education and Science, 3(2), 488–502. Doi: 10.21890/ijres.327908 

Barak, M., & Yuan, S. (2021). A cultural perspective to project-based learning and the cultivation of 
innovative thinking. Thinking Skills and Creativity, 39, 100766. Doi: 10.1016/j.tsc.2020.100766 

Brookhart, S. M. (2010). How to assess higher-order thinking skills in your classroom. Alexandria, VA: 
ASCD. 

Chen, C. H., & Yang, Y. C. (2019). Revisiting the effects of project-based learning on students’ academic 
achievement: A meta-analysis investigating moderators. Educational Research Review, 26, 71–81. 
Doi: 10.1016/j.edurev.2018.11.001 

Chinedu, C. C., Olabiyi, O. S., & Kamin, Y. B. (2015). Strategies for improving higher order thinking 
skills in teaching and learning of design and technology education. Journal of Technical Education 
and Training, 7(2), 35–43. Retrieved from 
http://penerbit.uthm.edu.my/ojs/index.php/JTET/article/view/1081/795 

Chongo, S., Osman, K., & Nayan, N. A. (2020). Level of computational thinking skills among secondary 
science student: Variation across gender and mathematics achievement skills among secondary 
science student. Science Education International, 31(2), 159–163. Doi: 10.33828/sei.v31.i2.4 

Clements, D. H., & Joswick, C. (2018). Broadening the horizons of research on discovery-based learning. 
Instructional Science, 46(1), 155–167. Doi: 10.1007/s11251-018-9449-1 

Collins, R. (2014). Skills for the 21st Century: Teaching higher-order thinking. Curriculum & Leadership 
Journal, 12(14). Retrieved from 
http://www.curriculum.edu.au/leader/teaching_higher_order_thinking,37431.html?issueID=12910 

Creswell, J. W. (2012). Educational research: planning, conducting, and evaluating quantitative and 
qualitative research (4th ed.). Boston, MA: Pearson Education Inc. 

Deep, S., Ahmed, A., Suleman, N., Abbas, M. Z., Nazar, U., & Razzaq, H. S. A. (2020). The problem-
based learning approach towards developing soft skills: A systematic review. Qualitative Report, 
25(11), 4029–4054. Doi: 10.46743/2160-3715/2020.4114 

Djidu, H., & Jailani, J. (2017a). Aktivitas pembelajaran matematika yang dapat melatih kemampuan 
berpikir tingkat tinggi siswa. In A. W. Kurniasih, B. E. Susilo, & M. Kharis (Eds.), PRISMA, Prosiding 
Seminar Nasional Matematika X 2016 (Vol. 1, Issue 1, pp. 312–321). Fakultas Matematika dan Ilmu 
Pengetahuan Alam, UNNES. Retrived from 

https://doi.org/10.1111/j.1467-8535.2009.01029.x
https://doi.org/10.29333/iejme/8234
https://doi.org/10.1111/j.1467-8535.2005.00454.x
https://doi.org/10.4324/9780203866771
https://doi.org/10.1016/j.sbspro.2012.09.579
https://doi.org/10.21890/ijres.327908
https://doi.org/10.1016/j.tsc.2020.100766
https://doi.org/10.1016/j.edurev.2018.11.001
http://penerbit.uthm.edu.my/ojs/index.php/JTET/article/view/1081/795
https://doi.org/10.33828/sei.v31.i2.4
https://doi.org/10.1007/s11251-018-9449-1
http://www.curriculum.edu.au/leader/teaching_higher_order_thinking,37431.html?issueID=12910
https://doi.org/10.46743/2160-3715/2020.4114


Higher order thinking skills among male and female students …   
    

 

123 
  

 

https://journal.unnes.ac.id/sju/index.php/prisma/article/view/21614    
Djidu, H., & Jailani, J. (2017b). Model pembelajaran kalkulus SMA berbasis masalah untuk 

meningkatkan kemampuan berpikir tingkat tinggi siswa. Yogyakarta: Parama Publishing. 
Djidu, H., & Jailani, J. (2018). Developing problem based calculus learning model. Jurnal Kependidikan: 

Penelitian Inovasi Pembelajaran, 2(1), 68–84. Doi: 10.21831/jk.v2i1.12689 
Djidu, H., & Retnawati, H. (2018). Cultural values-integrated mathematical learning model to develop 

HOTS and character values. In E. Retnowati, A. Ghufron, Marzuki, Kasiyan, A. C. Pierawan, & 
Ashadi (Eds.), Character Education for 21st Century Global Citizens (pp. 363–370). Yogyakarta: 
Routledge. Doi: 10.1201/9781315104188-46 

Ebel, R. L., & Frisbie, D. A. (1991). Essentials of educational measurement. Englewood Cliffs, N.J: 
Prentice-Hall International, Inc. 

Eggen, P., & Kauchak, D. (2012). Strategies and model for teachers: Teaching content and thinking skills. 
Boston, MA: Pearson Education Inc. 

Ertmer, P. A., & Simons, K. D. (2006). Jumping the PBL implementation hurdle: supporting the efforts 
of K–12 teachers. Interdisciplinary Journal of Problem-Based Learning, 1(1), 40–54. Doi: 
10.7771/1541-5015.1005 

Fuad, N. M., Zubaidah, S., Mahanal, S., & Suarsini, E. (2017). Improving junior high schools’ critical 
thinking skills based on test three different models of learning. International Journal of Instruction, 
10(1), 101–116. Doi: 10.12973/iji.2017.1017a 

Goethals, P. L. (2013). The pursuit of higher-order thinking in the mathematics classroom. Center for 
Faculty Excellence, United States Military Academy, West Point, NY. 

Gunter, M. A., Estes, T. H., & Schwab, J. (1990). Instruction: A model approach. Boston, MA: Allyn and 
Bacon. 

He, W. J, & Wong, W. C. (2011). Gender differences in creative thinking revisited: Findings from analysis 
of variability. Personality and Individual Differences, 51(7), 807–811. Doi: 
10.1016/j.paid.2011.06.027 

Hu, W., Wu, B., Jia, X., Yi, X., Duan, C., Meyer, W., & Kaufman, J. C. (2013). Increasing students’ 
scientific creativity: The ‘Learn to Think’ intervention program. Journal of Creative Behavior, 47(1), 
3–21. Doi: 10.1002/jocb.20 

Ichsan, I. Z., Sigit, D. V., Miarsyah, M., Ali, A., Arif, W. P., & Prayitno, T. A. (2019). HOTS-AEP: 
Higher order thinking skills from elementary to master students in environmental learning. European 
Journal of Educational Research, 8(4), 935–942. Doi: 10.12973/eu-jer.8.4.935 

Istiyono, E., Widihastuti, W., Supahar, S., & Hamdi, S. (2020). Measuring creative thinking skills of 
senior high school male and female students in physics (CTSP) using the IRT-based PhysTCreTS. 
Journal of Turkish Science Education, 17(4), 578–590. Doi: 10.36681/tused.2020.46 

Joyce, B., Weil, M., & Calhoun, E. (2009). Models of teaching. Upper Saddle River, NJ: Pearson 
Education. Inc. 

Kirk, R. E. (1995). Experiment design: Procedures for the behavioral sciences. Pasific Grove, CA: 
International Thomson Publishing. 

Lee, J., & Jang, S. (2014). A methodological framework for instructional design model development: 
Critical dimensions and synthesized procedures. Educational Technology Research and Development, 
62(6), 743–765.Doi: 10.1007/s11423-014-9352-7 

Liceaga, A. M., Ballard, T. S., & Skura, B. J. (2011). Incorporating a modified problem-based learning 
exercise in a traditional lecture and lab-based dairy products course. Journal of Food Science 
Education, 10(2), 19–22. Doi: 10.1111/j.1541-4329.2011.00117.x 

Limbach, B., & Waugh, W. (2010). Developing higher level thinking. Journal of Instructional 
Pedagogies, 3, 1-9. Retrieved from https://aabri.com/manuscripts/09423.pdf 

Lin, T. J., & Tsai, C. C. (2018). Differentiating the sources of Taiwanese high school students’ 
multidimensional science learning self-efficacy: An examination of gender differences. Research in 
Science Education, 48(3), 575–596. Doi: 10.1007/s11165-016-9579-x 

Lo, C. K., & Hew, K. F. (2017). Using “first principles of instruction” to design secondary school 
mathematics flipped classroom: The findings of two exploratory studies. Journal of Educational 
Technology & Society, 20(1), 222–236. Retrieved from 
http://www.jstor.org/stable/jeductechsoci.20.1.222 

Luks, C. P. (2013). Comparing a modified problem-based learning approach to a traditional approach to 
teaching heat transfer comparing a modified problem-based learning approach to a traditional 

ttps://journal.unnes.ac.id/sju/index.php/prisma/article/view/21614
https://doi.org/10.21831/jk.v2i1.12689
https://doi.org/10.1201/9781315104188-46
https://doi.org/10.7771/1541-5015.1005
https://doi.org/10.12973/iji.2017.1017a
https://doi.org/10.1016/j.paid.2011.06.027
https://doi.org/10.1002/jocb.20
https://doi.org/10.12973/eu-jer.8.4.935
https://doi.org/10.36681/tused.2020.46
https://doi.org/10.1007/s11423-014-9352-7
https://doi.org/10.1111/j.1541-4329.2011.00117.x
https://aabri.com/manuscripts/09423.pdf
https://doi.org/10.1007/s11165-016-9579-x
http://www.jstor.org/stable/jeductechsoci.20.1.222


Djidu, H., Jailani & Retnawati, H.  
 
 

124 
 

 

approach to teaching heat transfer. The proceedings of ASEE Annual Conference & Exposition (pp. 
23.309.1-23.309.10). Doi: 10.18260/1-2--19323  

Maharaj, A., & Wagh, V. (2016). Formulating tasks to develop HOTS for first-year calculus based on 
Brookhart abilities. South African Journal of Science, 112(11/12), 1–6. Doi: 
10.17159/sajs.2016/20160139 

Mainali, B. P. (2012). Higher order thinking in education. Academic Voices: A Multidisciplinary Journal, 
2(1), 5–10. Doi: 10.3126/av.v2i1.8277 

Makarova, E., Aeschlimann, B., & Herzog, W. (2019). The gender gap in STEM fields: The impact of 
the gender stereotype of math and science on secondary students’ career aspirations. Frontiers in 
Education, 4. Doi: 10.3389/feduc.2019.00060 

Mashuri, S., Djidu, H., & Ningrum, R. K. (2019). Problem-based learning dalam pembelajaran 
matematika: Upaya guru untuk meningkatkan minat dan prestasi belajar siswa. Pythagoras: Jurnal 
Pendidikan Matematika, 14(2), 112–125. Doi: 10.21831/pg.v14i2.25034 

Miri, B., David, B. C., & Uri, Z. (2007). Purposely teaching for the promotion of higher-order thinking 
skills: A case of critical thinking. Research in Science Education, 37(4), 353–369. Doi: 
10.1007/s11165-006-9029-2 

Mitani, H. (2021). Test score gaps in higher order thinking skills: Exploring instructional practices to 
improve the skills and narrow the gaps. AERA Open, 7(1), 1-23. Doi: 10.1177/23328584211016470 

Mokhtar, M. Z., Tarmizi, M. A. A., Tarmizi, R. A., & Ayub, A. F. M. (2010). Problem-based learning in 
calculus course: Perception, engagement and performance. Proceedings of the 7th WSEAS 
international conference on Engineering education (pp. 21-25). Retrieved from 
http://dspace.uniten.edu.my/jspui/handle/123456789/8302 

Moseley, D., Baumfield, V., Elliott, J., Gregson, M., Higgins, S., Miller, J., & Newton, D. (2005). 
Frameworks for thinking - A handbook for teaching and learning. New York, NY: Cambridge 
University Press. 

Moust, J., Bouhuijs, P., & Schmidt, H. (2021). Introduction to problem-based learning. London: 
Routledge. Doi: 10.4324/9781003194187 

Nitko, A. J., & Brookhart, S. M. (2011). Educational assessment of student. Boston, MA: Pearson 
Education, Inc. 

Nolan, S. A., & Heinzen, T. E. (2012). Statistics for the behavioral sciences. New York, NY: Worth 
Publisher. 

Nurtanto, M., Fawaid, M., & Sofyan, H. (2020). Problem based learning (PBL) in Industry 4.0: Improving 
learning quality through character-based literacy learning and life career skill (LL-LCS). Journal of 
Physics: Conference Series, 1573(1), 1–10. Doi: 10.1088/1742-6596/1573/1/012006 

Orlich, D., Harder, R., Callahan, R., Trevisan, M., & Brown, A. (2010). Teaching strategies: A guide to 
effective instruction. Boston, MA: Wadstworth.  

Plomp, T. (2013). Educational design research: An introduction. In T. Plomp & N. Nieveen (Eds.), 
Educational design research (pp. 10–51). Netherlands Institute for Curriculum Development (SLO).  

Purwanto, A., Ichsan, I. Z., Nurfadhilah, N., Kurniawan, E., Ali, A., & Singh, C. K. S. (2020). ESBOR: 
Analysis students HOTS for develop digital technology in environmental learning. International 
Journal of Advanced Science and Technology, 29(4), 3896–3904. Retrieved from 
http://sersc.org/journals/index.php/IJAST/article/view/24556 

Rajagukguk, W., & Simanjuntak, E. (2015). Problem-based mathematics teaching kits integrated with 
ICT to improve students’ critical thinking ability in junior high schools in Medan. Jurnal Cakrawala 
Pendidikan, 3(3), 347-356. Doi: 10.21831/cp.v3i3.7342 

Ramirez, R. P. B., & Ganaden, M. S. (2008). Creative activities and students’ higher order thinking skills. 
Education Quarterly, 66(1), 22–33. 

Redhana, I. W. (2012). Model pembelajaran berbasis masalah dan pertanyaan socratik untuk 
meningkatkan keterampilan berpikir kritis siswa. Jurnal Cakrawala Pendidikan, 0(3), 351-365. Doi: 
10.21831/CP.V0I3.1136 

Retnawati, H., & Wulandari, N. F. (2019). The development of students’ mathematical literacy 
proficiency. Problems of Education in the 21st Century, 77(4), 502–514. Doi: 10.33225/pec/19.77.502 

Roets, L., & Maritz, J. (2017). Facilitating the development of higher-order thinking skills (HOTS) of 
novice nursing postgraduates in Africa. Nurse Education Today, 49, 51–56. Doi: 
10.1016/j.nedt.2016.11.005 

Rubin, J., & Rajakaruna, M. (2015). Teaching and assessing higher order thinking in the mathematics 

https://doi.org/10.18260/1-2--19323
https://doi.org/10.17159/sajs.2016/20160139
https://doi.org/10.3126/av.v2i1.8277
https://doi.org/10.3389/feduc.2019.00060
https://doi.org/10.21831/pg.v14i2.25034
https://doi.org/10.1007/s11165-006-9029-2
https://doi.org/10.1177/23328584211016470
https://doi.org/10.4324/9781003194187
https://doi.org/10.1088/1742-6596/1573/1/012006
http://sersc.org/journals/index.php/IJAST/article/view/24556
https://doi.org/10.21831/cp.v3i3.7342
https://doi.org/10.21831/CP.V0I3.1136
https://doi.org/10.33225/pec/19.77.502
https://doi.org/10.1016/j.nedt.2016.11.005


Higher order thinking skills among male and female students …   
    

 

125 
  

 

classroom with clickers. International Electronic Journal of Mathematics Education, 10(1), 37–51. 
Doi: 10.29333/iejme/290 

Saido, G. M., Siraj, S., Nordin, A. B., & Al-Amedy, O. S. (2015). Higher order thinking skills among 
secondary school students in science learning. The Malaysian Online Journal of Educational Science, 
3(3), 13–20. 

Salin, A. S. A. P. (2011). Outcome-based learning and modified problem-based learning for accounting 
education. The proceedings of International Conference on Economics, Business and Management 
(Vol. 2, pp. 120–124). Retrieved from www.ipedr.com/vol2/27-P10006.pdf 

Sastrawati, E., Rusdi, M., & Syamsurizal. (2011). Problem-based learning, strategi metakognisi dan 
keterampilan berpikir tingkat tinggi siswa. Tekno-Pedagogi, 1(2), 1–14. 

Snyder, L. G., & Snyder, M. J. (2008). Teaching critical thinking and problem solving skills. The Delta 
Pi Epsilon Journal, 50(2), 90–99.  

Sumarmo, U., & Nishitani, I. (2010). High level mathematical thinking: Experiments with high school 
and under graduate students using various approaches and strategies. Bulletin of the Faculty of 
Education, Gunma University, 58(9), 9–22. Retrieved from https://gair.media.gunma-
u.ac.jp/dspace/bitstream/10087/5130/1/03_Nishitani.pdf 

Sun, M., Wang, M., & Wegerif, R. (2020). Effects of divergent thinking training on students’ scientific 
creativity: The impact of individual creative potential and domain knowledge. Thinking Skills and 
Creativity, 37, 1–10. Doi: 10.1016/j.tsc.2020.100682 

Tan, O.-S. (2003). Problem-based learning innovation: Using problem to power learning in 21st century. 
Singapore: Cengange Learning. 

Thomas, A., & Thorne, G. (2009). How to increase higher order thinking. Metarie, LA: Center for 
Development and Learning. Retrieved from http://www.readingrockets.org/article/how-increase-
higher-order-thinking 

Thompson, T. (2008). Mathematics teachers’ interpretation of higher-order thinking in Bloom’s 
taxonomy. International Electronic Journal of Mathematics Education, 3(2), 96–109. Doi: 
10.29333/iejme/221 

Wynn, C. T., Mosholder, R. S., & Larsen, C. A. (2014). Measuring the effects of problem-based learning 
on the development of postformal thinking skills and engagement of first-year learning community 
students. Learning Communities Research and Practice, 2(2), 1–31.  

Yen, T. S., & Halili, S. H. (2015). Effective teaching of higher-order thinking (HOT) in education. The 
Online Journal of Distance Education and E-Learning, 3(2), 41–47. 

Yunita, Y., Juandi, D., Tamur, M., Adem, A. M. G., & Pereira, J. (2020). A meta-analysis of the effects 
of problem-based learning on students’ creative thinking in mathematics. Beta: Jurnal Tadris 
Matematika, 13(2), 104–116. Doi: 10.20414/betajtm.v13i2.380 

Zhou, L., Li, F., Wu, S., & Zhou, M. (2020). “School’s out, but class’s on”, the largest online education 
in the world today: Taking China’s practical exploration during the COVID-19 epidemic prevention 
and control as an example. Best Evidence of Chinese Education, 4(2), 501–519. Doi: 
10.15354/bece.20.ar023 

   

https://doi.org/10.29333/iejme/290
https://gair.media.gunma-u.ac.jp/dspace/bitstream/10087/5130/1/03_Nishitani.pdf
https://gair.media.gunma-u.ac.jp/dspace/bitstream/10087/5130/1/03_Nishitani.pdf
https://doi.org/10.1016/j.tsc.2020.100682
http://www.readingrockets.org/article/how-increase-higher-order-thinking
http://www.readingrockets.org/article/how-increase-higher-order-thinking
https://doi.org/10.29333/iejme/221
https://doi.org/10.20414/betajtm.v13i2.380
https://doi.org/10.15354/bece.20.ar023

