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Abstract 
High-order thinking skills (HOTS) are competencies that must be possessed by male and 

female students in 21st Century era. The purpose of this quasi-experimental pretest-posttest design 
was to determine the effect of gender on the level of HOTS empowerment of high school students. 
The subjects of this study were students of SMA Negeri 1 Malang and the sample of the study was 
students of class XI MIPA 10. All students receive biology learning by applying Problem-based 
Learning (PBL) combined with Two Stay-Two Stray (TSTS) assisted by “Sangkar Hati” media. The 
collected data were analyzed by using one-way ANCOVA. Based on the results of data analysis, it can 
be concluded that HOTS achievement of female students is not significantly different from male 
students. Through the findings of this study, it is expected that the implementation of Biology learning 
in other schools will also implement innovative education with creative media that can empower HOTS 
of female and male students.  
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1. Introduction 

In the current era, many educators in various parts of the world are busy considering 
how to prepare the best way  for young people  to face an ever-changing world (Yeung, 
2015). An ever-changing world requires students to be able to think critically and analytically 
in various unexpected situations (Belecina & Ocampo, 2018; Donald, 2012). The students 
also must be ready to implement the basic knowledge that they have when facing various 
unpredictable problems. Preparing students for various challenges after they will not work 
optimally if the learning process focuses only on mastering low cognitive level (Kusuma, 
Rosidin, Abdurrahman, & Suyatna, 2017; Mainali, 2012). Therefore, empowerment of high-
order thinking skills (HOTS) is one of the main goals of education in this 21st Century era 
(Chinedu & Olabiyi, 2015; Jerome, Lee, & Ting, 2017). 

Empowerment of thinking skills can be done through training and habituation. Training 
and habituation can be packaged into various learning designs that are believed to be able to 
empower students' thinking skills (Fauzi, 2013; Sada, Mohd, Adnan, & Yusri, 2016; 
Thompson, 2017). In addition, the integration and modification of various learning models 
also have been carried out by researchers to further optimize the 21st Century competencies 
(Asyari, Muhdhar, Susilo, & Ibrahim, 2016). Based on many published research reports, 
apart from various concepts that are difficult for students to learn (Etobro & Fabinu, 2017; 
Fauzi & Fariantika, 2018; Fauzi & Mitalistiani, 2018), Biology is known as one of the most 
potentially increasing subjects for student’s thinking skills (Donald, 2012). 

In addition to choose the right learning model, the use of learning media is an essential 
component in improving the quality of learning (Naz & Akbar, 2010). The use of learning 
media can optimize the delivery of messages during the learning process and increase 
students’ motivation (Rajendra & Sudana, 2018; Widiansyah, Indriwati, Munzil, & Fauzi, 
2018). Besides, the existence of learning media can increase students' attachment to the 
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learning activities. When the level of student engagement is high, learning objectives will be 
easier to be achieved (Arulmoly & Branavan, 2017; Logan, Lundberg, Roth, & Walsh, 2017; 
Valerio, 2012), including learning goals that related to students' high-order thinking skills. 

In designing HOTS-based learning, educators must also pay attention to the gender 
issues and their influence on the learning process. Gender is a demographic factor that often 
attracts attention to be studied in the world of education (Voyer & Voyer Susan D., 2014). On 
one hand, some studies report gender does not have a significant effect on students' 
academic achievement (Faisal, Shinwari, & Hussain, 2017; Prianto et al., 2018). On the other 
hand, others report the opposite. When gender is reported having a significant influence, the 
diversity of findings is also concluded. Some studies found that female students can achieve 
higher levels of academic success than male students (Sari et al., 2018; Zainal, Yahya, & 
Abdul Rahman, 2014), there are also studies that have the contradictory findings (Musa, 
Dauda, & Umar, 2016). If gender is able to provide a significant influence on the 
empowerment level of thinking skills, educators need to design the learning activities that can 
empower female and male students’ HOTS. 

Unfortunately, educator's understanding and awareness of the importance of HOTS 
empowerment in Indonesia is still uneven (Ramdiah, Abidinsyah, Royani, & Husamah, 2019). 
In addition, knowledge about the application of HOTS-based learning is also still in the low 
category (Retnawati, Djidu, Kartianom, Apino, & Anazifa, 2018). However, there are many 
existing educational institutions that consistently implement innovative HOTS-based learning. 
One of these educational institutions is SMAN 1 Malang.  

Based on the  observation results of learning activities and interviews with teachers at 
SMAN 1 Malang, Problem-based Learning has been consistently applied in Biology learning 
at the school. Problem-based Learning (PBL) is one of the learning models that is 
recommended to be applied in various science subjects (Afni, Zahroh, Anwar, Irjasy, & Fauzi, 
2018; Argaw, Haile, Ayalew, & Kuma, 2017; Hamoush, Fini, Parast, & Sarin, 2011; Yusof, 
Hassan, Jamaludin, & Harun, 2012). The reason is because various studies report the 
positive impact of PBL on various parameters of education, including empowering students' 
thinking skills (Jonassen, 2011; Nazir & Zabit, 2010; Talat & Chaudhry, 2014).  

In addition to be consistent in implementing PBL, the Biology teachers at SMAN 1 
Malang are also accustomed to actively innovate, modify, and integrate PBL with other forms 
of learning. One modification that has been done is by combining PBL with two stay-two 
stray (TSTS). Besides, learning innovations are also carried out on the application of various 
creative learning media. One of the innovative medias that is developed by Biology teachers 
is "Sangkar Hati" media (the media which is from the abbreviation of pasang dan bongkar 
jaringan hewan dan tumbuhan tingkat tinggi / putting the unloading tissue of high animal and 
plant). This learning media is used by the teachers in Biology learning to discuss the material 
tissue of living things. 

However, research that  studies about the implementation of innovative learning in 
SMAN 1 Malang has never been done before. Therefore, the study of the effect of gender on 
empowerment of students’ HOTS after participating in Problem-based Learning (PBL) 
combined with two stay-two stray (TSTS) assisted by ”Sangkar Hati" media needs to be 
conducted. Then, the results of this study can give information whether there is a different 
level of HOTS empowerment between female and male students or not when they followed 
innovative learning in Biology class. 

 
2. Method 

This study was a quasi-experimental pretest-posttest study that was conducted on June 
to July 2018. The population of the study  was eleventh grade students of SMAN 1 Malang, 
Indonesia. The sample was students of class XI MIPA 10. In this study, gender was a 
variable and HOTS empowerment was the dependent variable. The study was conducted on 
the "plant tissue" material which was held for four meetings. 

Before the first meeting, the students took a part in the pre-test activity. In the next 
meeting, students  took a part in learning that applied the PBL learning model combined with 
TSTS assisted by “Sangkar Hati” media. The stages of learning were designed as follows. 
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(1) Each group received an envelope containing images that represent biological phenomena 
that must be solved. One group consisted of four to five students. Biological phenomena 
were positioned as problems. The problems between the groups were different. (2) Each 
group prepared six questions related to the problems they received. The questions referred 
to ABDIKASIM or 5W+1H questions (apa/what, bagaimana/how, dimana/where, 
kapan/when, siapa/who, and mengapa/why). These questions were written on laminated 
paper in the clouds shape. (3) Each group wrote the answers of the questions they made 
after they conducted a literature study. The answer was written in the pieces with laminated 
leaves. (4) The clouds containing questions and leaves containing answers were affixed and 
arranged as creative as possible on the poster with a tree size X-banner. The leaves, clouds 
and posters are named as “Sangkar Hati” media. (5) Each group exhibited their work. At this 
stage, two students remained in their group to present their work, while two students 
shopped for information from  another group. After the fourth meeting, students took  a part 
in the post-test activity. 

The pre-test and post-test instruments consisted of high-level thinking questions (C3 
and C4 cognitive levels). The pretest instrument consisted of 35 questions that asked about 
membrane transport material, while the posttest instrument consisted of 28 questions  about 
plant tissue material. These questions were the items that were categorized as valid. The 
obtained data from pretest and posttest scores were analyzed through one-way analysis of 
covariance (ANCOVA). Before the hypothesis test was carried out, the data were tested for 
the homogeneity using the Kolmogorov-Smirnov test and its homogeneity using the Levene 
test. When the data met the assumptions of normality and homogeneity, the data were  
continued to be analyzed by using ANCOVA. Assisted data analysis of SPSS 22.0 with α = 
0.05. 

 
3. Result and Discussion 

HOTS is an essential competency in the current era. Some research reports indicate 
that gender can influence the empowerment level of HOTS. In this study, the influence of 
demographic factors was assessed through students' ability to answer HOTS questions. 
HOTS score data of female and male students is presented in Figure 1. Based on Figure 1, 
there are differences in mean scores between female and male students. At the pretest 
activity, male students had a higher average score, but the opposite occurred in the posttest 
data. Furthermore, because the data met the assumptions of normality (p-value = 0.122) and 
homogeneity (p-value = 0.874), then the data  were analyzed by using ANCOVA. A summary 
of the results of the hypothesis test is presented in Table 1. 

 

 
 

Figure 1. The average of students’ pre-test and post-test scores in Biology learning by using 
PBL combined with TSTS assisted by “Sangkar Hati” media. 
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Table 1. Summary of ANCOVA test results on gender influence on HOTS students 

Source df F Sig. 

Pretest 1 .468 .503 

Gender 1 .093 .763 

Error 18   

 
In addition, Table 1 shows that the F calculated gender factor is 0.093 with p-value of 

0.763 (p-value> α). Thus, the results of the data analysis show that the HOTS achievement 
of female students is not significantly different from male students. This finding indicates that 
the application of innovative learning assisted by creative media at SMAN 1 Malang 
empowers female and male students’ HOTS at a level that is not significantly different. This 
finding is in line with several previous studies which found that gender differences did not 
have a significant effect on students’ academic achievement. 

Gender is indicated to be able to influence the achievement level of students’ HOTS.  In 
addition, some studies about the influence of gender on students’ academic achievment also 
informed that gender can influence the students’ learning motivation level(King, 2016) to 
preferences of learning topics that favored by students (Lindberg, Hyde, Petersen, & Linn, 
2011). However, with the right choice of learning design, empowering male students 
competencies will be as good as female students. 

In this study, PBL combined with TSTS  was used as the learning design. In each 
learning material, students were encouraged to solve various problems related to the 
material. Habiting students to deal with various problems will facilitate them to get used to 
analyze the situation at hand (Jonassen, 2011; Roberto & Ribeiro, 2011; Sada et al., 2016). 
The habit of arranging and answering high-level questions will also familiarize students with 
their HOTS (Chinedu & Olabiyi, 2015). When they answer the specific questions, students 
can also be encouraged to apply the knowledge that they understand to answer the 
problems.   

The application of “Sangkar Hati” media also played a role in students’ HOTS 
achievement. The reason is the existence of exciting learning media will increase student 
learning motivation (Rajendra & Sudana, 2018; Widiansyah et al., 2018). In addition, learning 
media are also able to increase students' attachment to the learning activities. Both of these 
are reflected in the cheerful attitude and enthusiasm of the students when participating in the 
learning activities that involved the media. The high motivation to learn and the attachment to 
the learning process will further optimize the achievement of learning goals that have been 
designed by the teacher (Abbing, 2013; Arulmoly & Branavan, 2017; Valerio, 2012), including 
learning goals related to the increasing of students’ HOTS. 

The integration of TSTS in the learning process could facilitate each group to learn 
various biological phenomena even though the phenomenon does not become a problem 
that they received in their own group. This condition can overcome the limitations of learning 
time allocation which requires students to master different knowledge in a limited time. 
Mastery of knowledge is related to the students’ ablity in understanding the learning material. 
Understanding is a low-level of cognitive level. However, low-level cognitive mastery is one 
of the optimal keys to high-level cognitive mastery. In addition, TSTS is also reported to be 
able to improve student self-efficacy (Kurnia, Degeng, & Soetjipto, 2017). Self-efficacy is one 
of the determinants of optimizing competency empowerment during the learning (Köseoğlu, 
2015). The reason is besides being positively correlated with learning motivation 
(Hassankhani, Mohajjel Aghdam, Rahmani, & Mohammadpoorfard, 2015), self-efficacy can 
increase students' perseverance in their learning and endurance when participating in 
learning activities (Phan & Ngu, 2014). 
 
4. Conclusion 

In this study, it can be seen that the HOTS achievement of female and male students is 
not significantly different. Thus, it is indicated that the application of innovative learning 
assisted by “Sangkar Hati” media can empower HOTS of female and male students at the 
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same level. Through the result of this study , it is expected that educators in other schools 
will also organize and design an innovative learning that can empower students’ HOTS. 
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