
 

 EURASIA Journal of Mathematics, Science and Technology Education, 2022, 18(12), em2196 

  ISSN:1305-8223 (online) 

 OPEN ACCESS Research Paper https://doi.org/10.29333/ejmste/12697 
 

 

 

© 2022 by the authors; licensee Modestum. This article is an open access article distributed under the terms and conditions of 

the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/). 

 erni@um-palembang.ac.id  siti.zubaidah.fmipa@um.ac.id (*Correspondence)  hendrabio@um.ac.id  

 nomar@upm.edu.my  

Enhancing creativity in genetics using three teaching strategies-based TPACK 
model 

Erni Angraini 1,2 , Siti Zubaidah 1* , Hendra Susanto 1 , Noritah Omar 3  

1 Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Negeri Malang, Malang, INDONESIA 
2 Department of Biology Education, Faculty of Teacher Training and Education, Universitas Muhammadiyah Palembang, 

Palembang, INDONESIA 
3 Universiti Putra Malaysia, Selangor, MALAYSIA 

Received 09 June 2022 ▪ Accepted 25 November 2022 

 

Abstract 

Several studies show that the creativity of science students in Indonesia is still low and needs to 

be empowered and improved. One of the subjects considered difficult by students is genetics 

because it is abstract and complex. Therefore, educators try technological, pedagogical, and 

content knowledge (TPACK) model with different strategies. This study aims to analyze and 

describe the effect of active learning based on the TPACK model with three teaching strategies, 

namely problem-based learning (PBL), reading, questioning, and answering (RQA), and PBL-RQA, 

on student creativity in the genetics course at three classes. The research design used was a pre-

test-post-test three treatment design. Several teaching strategies used in active learning based 

on the TPACK model in the genetics course are PBL, RQA, and a combination of PBL-RQA. The 

research was conducted for one semester. Data was collected through pre- and post-test in the 

form of description questions distributed through Google Forms. The results showed that the 

three active learning classes based on the TPACK model have the potential to increase student 

creativity. The three classes did not differ significantly in increasing student creativity. The three 

classes have their respective advantages, so educators can choose between the three strategies 

used by considering the characteristics of students. The three TPACK-based active learning can 

be used as recommendations in designing the learning process. Educators can also choose the 

three TPACK-based active learning to empower and increase student creativity. 
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INTRODUCTION 

Creativity is one of the 21st century skills that 
everyone needs in the digital age, because everyone is 
exposed to changes that occur extensively. Creativity is 
a person’s ability to generate new, unique, and valuable 
ideas that are used as solutions to problems. Creativity 
is a person’s ability to be more sensitive to problems and 
various weaknesses that occur, identify difficulties, 
make hypotheses, and find a solution (Greenstein, 2012). 
Creativity is also defined as a person’s ability to use 
imagination and self-expression to create new, unique, 
valuable, and value-added ideas (Ferrari et al., 2009; 
Nikolopoulou, 2018; Olatoye et al., 2010; Papaleontiou-
Louca et al., 2014; Pllana, 2019; Ray Gehani, 2011). 

Creativity is important in supporting teaching and 
learning as well as increasing the understanding of both 
educators and students (Kaplan, 2019). Universities are 
good places to develop creativity because these 
institutions offer avenues for the exchange of ideas and 
dialogue between the academic community (Mintu-
Wimsatt et al., 2007). Creativity can be introduced and 
stimulated in teaching activities and a supportive 
educational climate for students (Maksić & Spasenović, 
2018). Creativity is not just an opportunity in education 
but a necessity for the present and future educational 
conditions (Ferrari et al., 2009).  

Creativity is a very important skill for the application 
of scientific methods, especially for science students. 

https://doi.org/10.29333/ejmste/12697
http://creativecommons.org/licenses/by/4.0/
mailto:erni@um-palembang.ac.id
mailto:siti.zubaidah.fmipa@um.ac.id
mailto:hendrabio@um.ac.id
mailto:nomar@upm.edu.my
https://orcid.org/0000-0002-0777-2439
https://orcid.org/0000-0002-0718-6392
https://orcid.org/0000-0002-3935-4848
https://orcid.org/0000-0003-0422-6229


Angraini et al. / Enhancing creativity in genetics 

 

2 / 14 

However, students often have low creativity (Reche & 
Perfectii, 2020). The low creativity of science students is 
caused by ineffective learning methods that have an 
impact on student creativity (Sandika & Fitrihidajati, 
2018). In addition, the low creativity of students is also 
caused by the lack of students desire to generate new 
ideas and no practical experience during learning both 
at the undergraduate and postgraduate levels 
(Muralidhar, 2013). One of the important lessons is 
learning in genetics courses.  

Genetics is a biology course that tends to be difficult 
from a student’s perspective. The results of distributing 
questionnaires using Google Forms to 94 students of the 
Department of Biology, Universitas Negeri Malang, who 
have taken the genetics course, show that genetics is a 
difficult subject because the material is complex, 
abstract, and contains many terms. The results of the 
following studies also show things that are not much 
different. Genetics is considered difficult for students 
because the material is abstract, too many terms are 
difficult to understand, and the material is very complex 
(Fauzi & Fariantika, 2018; Fauzi & Ramadani, 2017; 
Johnson & Jackson, 2015; Murray-Nseula, 2011). The 
complexity inherent in genetics related to genes, DNA, 
chromosomes, cell division, and inheritance makes it 
difficult for students to understand (Cimer, 2012; 
Kibuka-Sebitosi, 2007). Genetic phenomena are said to 
be complex because they consist of several interrelated 
levels of organization (genes, proteins, cells, tissues, 
organs, etc.) that contain a myriad of heterogeneous 
elements (Duncan & Tseng, 2010). 

Genetic problems have been revealed and solutions 
are sought by various learning experts from various 
countries. For example, Choden and Kijkuakul (2020), 
combines problem-based learning (PBL) with scientific 
arguments to increase students understanding of 
genetics. Yilmaz et al. (2011) stated that 
prediction/discussion-based learning cycle and 
conceptual change texts are effective in helping students 
understand the concept of genetics. Starbek et al. (2010) 
stated that the use of multimedia and animation as well 
as illustrations, when studying genetics could increase 
students’ knowledge and understanding of genetics 
content. Knippels et al. (2005) state that there are four 
design criteria that must be met by teaching and learning 
strategies to address the abstract and complex nature of 
genetics in biology education, as described below: 

1. Sequencing the content of genetic knowledge, 
starting at the level of organisms that are familiar 
to students for example their families and 
generally gradually descends to the cellular as 
well as molecular level.  

2. Explicitly linking meiosis and inheritance.  

3. Distinguishing somatic and germ cell lines in the 
context of the life cycle.  

4. Students must actively explore the relationship 
between organizational levels in biology and 
educators as facilitators in learning activities. 

Lecturers of the genetics course at Universitas Negeri 
Malang also tried to solve problems with PBL teaching 
strategy in some classes and reading, questioning, and 
answering (RQA) in some other classes. PBL is a teaching 
strategy in which students work together to find 
solutions to complex problems (Ferreira & Trudel, 2012). 
While RQA requires students to understand the content 
of the reading, then make questions that represent the 
content of the reading and then answer them (Hariyadi 
et al., 2017). In this study, the lecturer tried to combine 
PBL and RQA. PBL-RQA is a PBL strategy that is 
integrated into RQA so that PBL can cover the 
shortcomings of RQA. The PBL and RQA stages have the 
same goal, namely, to develop learning so that students 
can be responsible for organizing and controlling their 
own learning through the activities contained in the 
stages (Bahri et al., 2019). 

PBL, RQA, and PBL-RQA are teaching strategies in 
active learning. Active learning is one of learning that 
involves students being more active and carrying out 
more meaningful learning activities (Lombardi et al., 
2021). Active learning is student-centered learning that 
engages their thinking through the use of various 
activities in the classroom that require students to reflect 
and discuss their ideas (Michael, 2006). Active learning 
as a one-time or continuous student exercise introduced 
in the classroom to encourage thinking and participation 
in an effort to involve them in the learning process 
(Mitchell et al., 2017). Active learning has been shown to 
improve student learning and reduce failure rates 
compared to traditional lectures with lectures (Freeman 
et al., 2014). Active learning provides opportunities for 
students to synthesize, analyze, evaluate, and 
communicate various information obtained in the 
classroom. Students also spend time thinking, reading, 
writing, discussing, and solving problems in order to 

Contribution to the literature 

• One of the science student courses is genetics. Genetics courses are considered difficult for students 
because they are abstract and complex. 

• TPACK model is an educator’s framework that connects three important aspects, namely, technology, 
pedagogy, and content knowledge. 

• Three teaching strategies based on the TPACK model, namely PBL, RQA, and PBL-RQA in the genetics 
course, can increase student creativity. 
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better understand the material presented by the 
educator (Kitchens et al., 2018; Millis, 2012).  

During the pandemic, the presence of technology is 
inevitable so that in addition to teaching strategies, 
lecturers need to utilize technology in learning 
(Sothayapetch & Lavonen, 2022). Educators are not only 
required to understand relevant content knowledge, but 
they also need to know how to convey this content to 
their students; at the same time, they need to adapt and 
update their technological knowledge to keep up with 
the times (Alrwaished et al., 2017). In terms of teaching, 
technology complements pedagogy and content that is 
applied together, known as technological, pedagogical, 
and content knowledge (TPACK model) (Atun & Usta, 
2019; Irdalisa et al., 2020). The TPACK model is a 
framework that brings together content knowledge, 
pedagogy, and technology to make classroom learning 
more effective (Brown & Neal, 2011; Joy, 2015; Koehler 
et al., 2013; Novo et al., 2016; Rosenberg & Koehler, 2015; 
Tanak, 2018). 

Therefore, this study aims to analyze and describe the 
effect of active learning based on the TPACK model with 
three different teaching strategies, namely PBL, RQA, 
and PBL-RQA on student creativity in the genetics 
course. The hypothesis of this research is that active 
learning based on the TPACK model with three different 
teaching strategies, namely PBL, RQA, and PBL-RQA 
can increase student creativity. Good creative abilities 
are expected to form students who are reliable in solving 
problems that occur in the community and can compete 
in this digital era. 

METHODS 

Research Design 

This study employed a mixed method research 
(quantitative and qualitative). The research design used 
was a pre-test-post-test three treatment design (adapted 
from Cohen et al., 2018) (Table 1). The research was 

conducted for one semester in 2021. Learning in three 
classes of genetics was carried out asynchronously and 
synchronously. What distinguishes the three classes is 
the strategy, namely PBL, RQA, and PBL-RQA. The class 
that is considered the control class is RQA because this 
strategy has always been applied in the genetics course 
in the past. However, because the research was carried 
out during the pandemic, all processes must be 
supported by technology, so that the control class is also 
supported by technology. 

The PBL strategy consists of five stages, namely: 
student orientation to problems, organizing students to 
learn, guiding group investigations, developing, and 
submitting work, analyzing, and evaluating the problem 
solving process (Arends, 2012). The RQA strategy 
consists of several stages, namely reading the literature 
that has been given, compiling questions, answering 
questions, sharing, and reviewing (Bahri & Corebima, 
2015). The PBL-RQA strategy is carried out by inserting 
and combining the stages of PBL and RQA so that they 
complement each other. PBL-RQA has six stages, 
namely: problem orientation and reading literature, 
making questions as problems and answers as solutions, 
organizing students to study, conducting investigations 
and group discussions, developing, and submitting 
work, analyzing, and evaluating the problem solving 
process (Bahri et al. al., 2019). In detail, the learning 
process of the three classes is presented in Table 2.  

Respondent 

This study has received ethical approval from the 
participating universities and students. Respondents of 
this study were fourth semester students of the biology 

Table 1. Research design 
Pre-test Treatment Post-test 

O1 X1: TPACK-based PBL O2 
O3 X2: TPACK-based RQA O4 
O5 X3: TPACK-based PBL-RQA O6 
 

Table 2. Active learning process in three classes based on TPACK model 
No Class Technological (T) Pedagogical (P) Content knowledge (CK) 

1 TPACK-
based PBL 

Discussion using: 
Asynchronous: WhatsApp 
groups 
Assignment collection: 
SIPEJAR (LMS at Universitas 
Negeri Malang/ 
Google Classroom 
Exams & giving creativity 
questions through 
Google Forms 
Video: YouTube 
Virtual laboratory from Harvard 
University 
MEGA software for 
phylogenetic tree generation 
Synchronous: Zoom Meeting & 
Google Meet 

Teaching strategy PBL with 
following stages: Asynchronous (4 
days): first, student orientation on 
the problem; second, organize 
students to study; third, guide group 
investigation;  
Synchronous (2 days): fourth, 
students develop and present their 
work through group presentations; 
& fifth, analyze and evaluate the 
problem solving process 

Genetics 2: Genetic CK includes (each week  
1 material): (1) get to know the scope of 
genetics; (2) regulation of gene expression in 
prokaryotic organisms; (3) regulation of 
gene expression in eukaryotic organisms; (4) 
genetic control of immune response; (5) 
genetic control of cell division; (6) genetics 
of sex expression, one gene one enzyme 
hypothesis, gene work interaction; (7) 
definition, enzymes, & specifics of 
recombination; (8) transformation & 
transduction in bacteria, conjugation in 
bacteria, & recombination in bacterial 
phages; (9) genetic material in population 
genetic engineering as a form of application 
of genetics in modern biotechnology 

 



Angraini et al. / Enhancing creativity in genetics 

 

4 / 14 

study program, Universitas Negeri Malang, Indonesia, 
who programmed the genetics course. All respondents 
had been asked for consent to participate in the study 
through informed consent, and all students agreed.  

A total of three classes that programmed the genetics 
course were tested for equivalence by using the value of 
students prior knowledge of genetics. The class 
equivalence test aims to find out, which classes can be 
used in research that has equal abilities. Based on the 
results of the normality test, all classes showed normally 
distributed data with a significance value of 0.93, 0.99, 
and 0.09 (significance value>0.05), and then the 
ANCOVA test was continued. The results of the 
ANCOVA test showed that the significance level of the 
initial knowledge of genetics was 0.17>0.05, which 
means that there was no difference in the initial 
knowledge of genetics in all classes. All classes are equal.  

The learning process of each class uses TPACK-based 
active learning with different strategies, namely PBL, 
RQA, and PBL-RQA. The details of the three classes are 
PBL class with 23 students consisting of three boys and 
20 girls, RQA class with 26 students consisting of five 
boys and 21 girls, and PBL-RQA class with 20 students 

consisting of four men and 16 women. Each class is 
divided into nine groups with two-three people.  

Data Collection and Research Instruments 

Student creativity data was collected through giving 
a pre-test at the beginning of the semester and a post-test 
at the end of the semester. The test is in the form of open-
ended questions distributed via Google Forms. 
Creativity indicators consist of curiosity, fluency, 
originality, elaboration, flexibility (Greenstein, 2012), 
and metaphorical thinking (Treffinger et al., 2002). The 
creativity test consists of five discourses on genetic 
problems in everyday life. Each discourse consists of six 
questions with each indicator one question. In total there 
are 30 questions. The following is an example of a 
question used in this study, with the topic of genetic 
engineering (Table 3). 

These questions are first analyzed for validity and 
reliability. Test the validity of the questions processed 
with the Pearson product moment correlation. The 
results of the validity of the questions on the creativity 
test showed that from the 30 questions, there was one  

Table 2 (Continued). Active learning process in three classes based on TPACK model 
No Class Technological (T) Pedagogical (P) Content knowledge (CK) 

2 TPACK-
based 
RQA 

Same with TPACK-based PBL Teaching strategy RQA with the 
following stages: Asynchronous (4 
days): first, students read & make 
summaries; second, students make 
questions; third, students answer 
questions that have been made;  
Synchronous (2 days): fourth, students 
have discussions; & fifth, do a review  

Same with TPACK-based PBL 

3 TPACK-
based 
PBL-RQA 

Same with TPACK-based PBL Teaching strategy PBL-RQA with the 
following stages: Asynchronous (4 
days): first, student orientation on 
problems and directing students to read 
literature and summarize; second, 
students make questions about reading 
material as problems and then answer 
the questions as temporary solutions; 
third, organize students to study; fourth, 
guiding the investigation and group 
discussion; Synchronous (2 days): fifth, 
develop and submit work through 
group presentations; & sixth, analyze & 
evaluate the problem solving process 

Same with TPACK-based PBL 

 

Table 3. Discourse and questions on creativity test 
Discourse number one 

Case of COVID-19 pandemic is a very serious concern for all people in the world. Various symptoms suffered by humans who 
are infected with this virus, but many humans also have no symptoms at all or what are commonly called asymptomatic people, 
reason why some people infected with coronavirus have no symptoms at all, while others are seriously ill is one of the biggest 
puzzle of this pandemic. A study published in scientific journal Nature of more than 2,200 patients treated in intensive care 
facilities identified a specific gene that may be reason. Too little production of interferon can cause virus to multiply rapidly, 
leading to more severe symptoms. Two other recent studies published in journal Science also implicate role of interferon in case 
of COVID-19, through genetic mutations & autoimmune disorders that affect its production (https://news.detik.com/). 

Indicator Question 

Curiosity 1. Based on the above phenomenon, formulate 4 questions related to gene mutations! 
 

https://news.detik.com/
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Table 3 (Continued). Discourse and questions on creativity test 
Indicator Question 

Fluency 2. Give some alternatives or ways to prevent the problem of gene mutations and the purpose of these methods! 
Originality 3. Design a product of logical ideas to address the problem of genetic mutations and autoimmune disorders! 
Elaboration 4. Based on the above phenomenon, give a detailed explanation and facts about the problem of gene mutations! 

(explanation can be more than 1) 
Flexibility 5. Predict some possibilities that will occur in everyday life if there is a gene mutation! 
MT 6. Write some analogies or illustrations about the phenomenon of gene mutation cases in this COVID-19 

phenomenon based on what you observe every day! 

Discourse number two 

The exchange of genetic material in bacteria is also referred to as genetic recombination. Recombination of genetic material in 
bacteria is divided into three, namely transformation, transduction, and conjugation. Transformation is the transfer of genetic 
material (DNA) from one bacterium to another in which the donor bacteria are lysed bacteria. Transduction is the transfer of 
genetic material from one bacterial cell to another by using a viral vector. Conjugation is the transfer of genetic material from 
one bacterium to another by forming cytoplasmic bridges. 

Curiosity 1. Based on the concept above, formulate 4 questions related to genetic recombination in bacteria! 
Fluency 2. Give some ways of bacterial genetic recombination and the purpose of these methods! 
Originality 3. Design logical bacterial genetic recombination ideas! 
Elaboration 4. Based on the above discourse, give a detailed explanation and facts about bacterial transformation! (explanation 

can be more than 1) 
Flexibility 5. Predict some possibilities that will happen in everyday life if there is no transformation of bacteria! 
MT 6. Write some analogies or illustrations about the mechanism of bacterial genetic recombination based on what you 

observe every day! 

Discourse number three 

The island of Java has various ethnic groups, including Bedouin & Tenggerese. If two tribes are isolated from landscapes such 
as mountains, rivers, valleys, hills, & there is no population movement, so that marriages occur only between these tribes. 
Curiosity 1. Based on the above phenomenon, formulate 4 questions related to the genetic material in the population! 
Fluency 2. Give some alternatives or ways for the exchange of genetic material in the population and the purpose of these 

methods! 
Originality 3. Design logical ideas to overcome the phenomenon! 
Elaboration 4. Based on the above phenomenon, give a detailed explanation and facts about the genetic material in the 

population! (explanation can be more than 1) 
Flexibility 5. Predict some possibilities that will occur in everyday life if this phenomenon occurs! 
MT 6. Write some analogies or illustrations about this phenomenon based on what you observe every day! 

Discourse number four 

Mrs. Bunga owns a cattle farm and wants her cows to be disease resistant and have good quality meat. Currently, the cows 
owned by Mrs. Bunga do not have the expected quality, for example beef cattle of good quality but less resistant to disease, 
cattle that are not diseased but have poor quality meat. Mrs. Bunga is confused about how to get these superior cows. 

Curiosity 1. Based on the above phenomenon, formulate 4 questions related to genetic engineering! 
Fluency 2. Give some alternatives or ways to make Mother Bunga’s cow superior and the purpose of that method! 
Originality 3. Design a product of logical ideas to solve the problem! 
Elaboration 4. Based on the above phenomenon, give a detailed explanation and facts about genetic engineering in animals! 

(explanation can be more than 1) 
Flexibility 5. Predict some possibilities that will occur in everyday life if this phenomenon occurs! 
MT 6. Write some analogies or illustrations about this phenomenon based on what you observe every day! 

Discourse number five 

The emergence of commercialized genetically modified crops has provided economic benefits to farmers and communities in 
various countries. However, genetically modified plants are a source of controversy in society. There are people who are pro 
and contra against these genetically modified plants. Various examples of controversial crops are GM soybean, GM corn, GM 
cotton, GM tomato, and so on. Many plants are engineered so that they have superior properties possessed by animals, bacteria, 
and fungi. An example of genetic engineering is a luminous ornamental plant. The light of these ornamental plants comes from 
the gene of the Bioluminescence fungus. Genetic engineering does not only occur in plants but also in animals. 

Curiosity 1. Based on the above phenomenon, formulate four questions related to genetic engineering that occurs in plants to 
produce superior traits such as animals, bacteria, and fungi! 

Fluency 2. Give some alternatives or ways to do genetic engineering on animals, plants, & fungi & purpose of the methods! 
Originality 3. Design a product from logical ideas to produce plants that have superior traits like animals through genetic 

engineering! 
Elaboration 4. Based on the above phenomenon, give a detailed explanation and facts about genetic engineering in plants! 

There can be more than one explanation. 
Flexibility 5. Predict some possibilities that will occur in everyday life if there is genetic engineering of plants so that plants 

have superior traits that exist in animals! 
MT 6. Write some analogies or illustrations about phenomenon of genetic engineering on what you observe every day! 
Note. MT: Metaphorical thinking 
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invalid question, namely discourse number one, on 
question number one (Table 4). The invalid questions 
were not used in the test both the pre- and post-test. The 
reliability of the questions was processed using 
Cronbach’s alpha. Based on Cronbach’s alpha value of 
0.89, the reliability criteria of 29 questions are 
categorized as very high. The results of the validity and 
reliability of creativity questions indicate that the 
questions can be used as instruments in measuring 
student creativity. 

The data from the pre- and post-test were assessed by 
assessing creativity (Table 5). The results of the 
creativity pre-test normality test obtained the results of 
Sig. 0.59, and the post-test of creativity obtained the 
results of Sig. 0.34, meaning that the data is normally 
distributed. The results of the homogeneity test of the 
pre- and post-test of creativity obtained a significance of 
p>0.05, namely 0.11 and 0.13, meaning that the data is 
homogeneous. 

Data Analysis 

The statistical analysis used for pre- and post-test 
data was ANCOVA. The research hypotheses were 
tested using ANCOVA at a significance level of 5%. If the 
result is significant, it will be tested further using least 
significant difference. The data must be normally 

Table 4. Summary of Pearson validity test results 
Question no rcount rtable 5% (69) Sig. Criteria 
1 0.137 0.233523 0.262 Invalid 
2 0.435 0.233523 0.000 Valid 
3 0.437 0.233523 0.000 Valid 
4 0.453 0.233523 0.000 Valid 
5 0.573 0.233523 0.000 Valid 
6 0.540 0.233523 0.000 Valid 
7 0.345 0.233523 0.004 Valid 
8 0.447 0.233523 0.000 Valid 
9 0.419 0.233523 0.000 Valid 
10 0.581 0.233523 0.000 Valid 
11 0.617 0.233523 0.000 Valid 
12 0.437 0.233523 0.000 Valid 
13 0.385 0.233523 0.001 Valid 
14 0.459 0.233523 0.000 Valid 
15 0.584 0.233523 0.000 Valid 
16 0.632 0.233523 0.000 Valid 
17 0.579 0.233523 0.000 Valid 
18 0.508 0.233523 0.000 Valid 
19 0.527 0.233523 0.000 Valid 
20 0.504 0.233523 0.000 Valid 
21 0.531 0.233523 0.000 Valid 
22 0.464 0.233523 0.000 Valid 
23 0.538 0.233523 0.000 Valid 
24 0.496 0.233523 0.000 Valid 
25 0.453 0.233523 0.000 Valid 
26 0.665 0.233523 0.000 Valid 
27 0.552 0.233523 0.000 Valid 
28 0.617 0.233523 0.000 Valid 
29 0.535 0.233523 0.000 Valid 
30 0.592 0.233523 0.000 Valid 

 

Table 5. Creativity test assessment 
Creativity indicator Score Descriptor 

Curiosity 4 The answer displays 3 relevant questions about a phenomenon. 
3 The answer displays 2 relevant questions about a phenomenon. 
2 The answer displays 1 relevant question about a phenomenon. 
1 The answer does not show the relevant question. 

Fluency 4 The answer raises some relevant ideas to solve the problem & its purpose. 
3 The answer raises some relevant ideas to solve the problem without setting the goal. 
2 The answer raises 1 relevant idea to solve the problem with or without a goal. 
1 Answer does not generate relevant ideas to solve the problem. 

Originality 4 Answers generate ideas that are innovative, relatively new, unique, or unusual & relevant to the 
given problem. 

3 The answer raises 1 idea that is innovative, relatively new, unique, or unusual & relevant to the 
given problem. 

2 The answer raises an idea that is not innovative, the idea is already in the discourse. 
1 Answer does not generate ideas. 

Elaboration 4 The answers show some ideas that explain in detail by adding some existing facts. 
3 The answer displays 1 idea that explains it in detail by adding some existing facts. 
2 The answer displays 1 idea that explains in detail by adding one existing fact. 
1 Answers do not provide explanations & do not add facts. 

Flexibility 4 The answer displays 3 kinds of ideas that are logical & relevant to the problem given from different 
points of view. 

3 The answer presents 2 kinds of ideas that are logical & relevant to the problem given from different 
points of view. 

2 The answer displays 1 kind of logical & relevant idea to the problem given from various different 
points of view. 

1 The answer does not present logical & relevant ideas to problem given from different points of view. 
Metaphorical 
thinking 

4 The answer displays some precise & logical analogies or illustrations. 
3 The answer displays 1 analogy or illustration that is correct and logical. 
2 The answer displays 1 analogy or illustration that is less or inaccurate. 
1 Answers do not provide analogies or illustrations. 

Note. Source: Modification of Greenstein (2012) 
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distributed and homogeneous before being analyzed 
using ANCOVA. The normality test was carried out with 
the one-sample Kolmogorov-Smirnov test on the pre- 
and post-test scores. The homogeneity test of data 
variance was carried out using Levene’s test of equality 
of error variance. A homogeneity test was carried out on 
the pre- and post-test scores. All data testing was carried 
out using the SPSS version 25.0 program for windows. 
The data is also explained qualitatively from the results 
of student answers. 

RESULTS  

TPACK-based active learning with various teaching 
strategies, namely PBL, RQA, and PBL-RQA, showed 
that the three classes experienced an increase in student 
creativity (Figure 1).  

Student creativity in various strategies has a 
significance value of 0.17. These results indicate that 
there is no difference in student creativity in the 
application of several strategies because all classes have 
increased (Table 6). So, the three classes with three 
different strategies both showed an increase in student 
creativity. The increase in creativity in the three classes 
with various strategies showed no significant difference 
in increasing student creativity (Table 7). 

The results showed that the creativity of students in 
all classes increased, but between classes did not differ 
in increasing creativity. The results of the analysis of 
student answers also show the development of student 
creativity. Student creativity can be seen from several 
indicators, namely curiosity, fluency, originality, 
elaboration, flexibility (Greenstein, 2012), and 
metaphorical thinking (Treffinger et al., 2002). The 
following are examples of student answers to various 
questions based on creativity indicators. Student 
answers, as follows: 

Question number 1 (curiosity): DF students 
formulate the following questions: 

1. What is the impact of genetic engineering on 
plants that have superior traits that exist in 
animals, bacteria, and fungi? 

2. What are the mechanisms for obtaining these 
superior seeds? 

3. Are there differences that occur in plants that have 
superior traits that exist in animals, bacteria, and 
fungi? 

4. Will transgenic plants cause the balance of the 
ecosystem to be disturbed? 

The answers of DF students have presented four 
relevant questions about a phenomenon based on the 
discourse on genetic engineering. 

Question number 2 (fluency): ZR students provide 
several alternatives or ways to do genetic engineering: 

Alternatives or ways to carry out genetic 
engineering to produce superior organisms 
include: first, obtained through collection and 
selection of wild-types which are then cultivated. 
The second is selective breeding, which is crosses 
carried out on plants or animals with the desired 
traits. In addition, it can be by mutagenesis and 
cell fusion. Another alternative to obtain superior 
organisms is by breeding through modern 

 
Figure 1. Average value of student creativity in TPACK-
based active learning in genetics course (Source: Authors’ 
own elaboration) 

Table 6. Results of ANCOVA analysis: Effect of TPACK-based active learning on student creativity 
Source Type III sum of squares df Mean square F Sig. Partial eta squared 

Corrected model 3,709.684a 3 1,236.561 14.877 .000 .407 
Intercept 539.867 1 539.867 6.495 .013 .091 
Pretest 3,124.740 1 3,124.740 37.593 .000 .366 
Class 302.633 2 151.317 1.820 .170 .053 
Error 5,402.770 65 83.120    
Total 390,682.957 69     
Corrected total 9,112.455 68     

Note. aR squared=.407 (adjusted R squared=.380) 

Table 7. Corrected average value of student creativity in the 
three TPACK-based active learning classes 
No Class Corrected average LSD notation 

1 TPACK-based PBL 71.547 a 
2 TPACK-based RQA 75.547 a 
3 TPACK-based PBL-RQA 76.676 a 
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biotechnology that produces genetically 
engineered products. 

ZR students answers gave rise to several relevant 
ideas for solving the problem and its objectives 
regarding genetic engineering. 

Question number 3 (originality): AR students design 
a product from logical ideas to produce plants that have 
superior traits that exist in animals through genetic 
engineering: 

I have an idea that is to create rice that contains 
insulin and rice that contains protein, so that 
Asian consumers whose staple food is rice, don’t 
worry about diabetes and protein deficiency. The 
trick is to insert insulin into the bacteria, which is 
then injected into rice through recombinant 
technology. 

AR students answers bring up ideas that are 
innovative, relatively new, unique, or unusual and 
relevant. 

Question number 4 (elaboration): YZ students 
provide explanations and facts about genetic 
engineering in plants: 

Agricultural crops resulting from genetic 
engineering are classified based on the structure 
and strategies used in reconstructing transgenic 
crops, classified into four generations. In the first 
generation or single trait classification, plants 
containing GMO elements are commonly used. In 
the second generation of GMOs, plants are usually 
the result of crosses between the commercial first 
generation. In the third generation, plants are 
referred to as near-intragenic, where transgenic 
elements are not used in other transgenic plants, 
and the fourth generation is plants classified as 
intragenic and cisgenic. Bt rice is resistant to stem 
borer, papaya is resistant to papaya ringspot 
virus, Bt corn and Bt cotton is resistant to 
Lepidoptera pests, herbicide tolerant soybeans, 
tomato Flavr Savr with delayed fruit ripening, 
Golden rice containing beta carotene in the 
endosperm, and bananas producing vaccines are 
examples of success. From the application of 
genetic engineering technology. 

YZ students answers show some ideas that are 
explained in detail by adding some existing facts about 
genetic engineering in plants.  

Question number 5 (flexibility): With the question 
of predicting some possibilities that will occur in 
everyday life if there is genetic engineering of plants that 
have superior traits that exist in animals? AN students 
provide several possibilities that occur, as follows: 

Some possibilities that will occur in everyday life 
if there is genetic engineering of plants that have 
superior traits that exist in animals, namely high 
production power, high nutritional quality, high 
resistance to disease and environmental stress, 
low need for fertilizers, and other chemicals. 

AN students answers presented three kinds of logical 
and relevant ideas to the problem of genetic engineering. 

Question number 6 (metaphorical thinking): AJ 
students write some analogies or illustrations about the 
phenomenon of genetic engineering: 

Analogies or illustrations about the genetic 
engineering phenomenon based on things I 
observe every day, for example, from bad selfies 
edited in photoshop to good and interesting 
photos; the addition of a feature to an existing 
product so that the product undergoes an update 
that is superior but does not eliminate the original 
nature of the product. 

AJ students answers provide some precise and logical 
analogies or illustrations. Metaphorical thinking can 
optimize conceptual understanding of the given 
problems, especially genetic problems found in 
everyday life.  

DISCUSSION 

TPACK-based active learning with various teaching 
strategies, namely PBL, RQA, and PBL-RQA can 
increase student creativity. This is in accordance with the 
previous work by Samašonok and Leškienė (2015). They 
revealed that teaching strategies and methods that 
stimulate imagination are recommended to build 
favorable environments and conditions to develop 
creativity and encourage students to apply problem 
solving. Strategies that support the teaching and 
learning process are usually based on design-based 
learning, problem solving, creative thinking, research-
based learning, PBL, and project-based learning. These 
various teaching strategies aim to create innovation in 
creative learning, create process thinking, especially 
creativity in thinking about something new and different 
(Seechaliao, 2017).  

The TPACK model supports the three teaching 
strategies of PBL, RQA, and PBL-RQA which are applied 
in active learning in the genetics course. According to 
Doering et al. (2009), that active learning requires a 
framework in the form of a TPACK model in online 
learning. The application of TPACK model in learning 
can assist educators in conveying learning concepts to 
students, motivate students to learn, provide 
opportunities for students to be more active in 
experimenting according to concepts, evaluate, provide 
feedback on the results of student assignments, and 
assist students in communicating various solutions 
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(Stoilescu, 2015). Specific strategies on three aspects of 
knowledge, namely technology, pedagogy, and content 
are also needed by educators in learning genetics (Aivelo 
& Uitto, 2018). TPACK model is needed by educators to 
integrate technology in learning effectively (Koehler et 
al., 2013; Mishra & Koehler, 2008).  

Various platforms and learning management system 
(LMS) are used in the active learning process based on 
this TPACK model. The platforms and LMS used are 
Google Meet, Zoom Meeting, WhatsApp Group, and 
SIPEJAR (LMS at Universitas Negeri Malang). In 
addition, to broaden students’ knowledge, they are 
provided with knowledge about applications and how 
to use virtual laboratories from Harvard University. 
Students are given various videos from YouTube on 
each learning material to clarify their imagination and 
increase their creativity regarding genetics learning 
which is usually abstract. Students are also given 
knowledge about how to make phylogenetic trees by 
accessing gene banks through National Center for 
Biotechnology Information and using MEGA software. 
Active learning is not only used in an offline 
environment but also in an online environment (Banayo 
& Barleta, 2022; Brown, 2014; Hatta et al., 2020; Kuo & 
Kuo, 2015). The e-learning system in an online learning 
environment is used to develop creative thinking of 
students in higher education (Songkram, 2015). Online 
learning can help students develop creativity by using 
asynchronous online discussions, textbooks, and 
materials developed by educators (Corfman, 2017). 

Online activities are widely used as learning media to 
support TPACK model during the pandemic. The right 
use of online learning can support creativity (Northcott 
et al., 2007). The technology used by students in learning 
aims to build their ability to practice creative thinking, 
work creatively with others, and innovate (NEA, 2012). 
Educators who teach online using appropriate 
technology for asynchronous online discussion can help 
students to develop their creative skills (Corfman, 2017). 
Creativity can also be achieved in an online environment 
through the use of various forms of technology (Riegel 
& Kozen, 2016).  

In addition to technology, there is an element of 
pedagogy in TPACK model. Empowering students 
creativity requires developing a pedagogy that is 
different and better than the traditional lecture and 
information transfer models of the past. Online learning 
must evolve from a passive lecture method to a more 
engaged, dynamic process to maximize student learning 
(Joy, 2015). Active learning with appropriate 
pedagogical and content knowledge can create creativity 
in an effort to improve the quality of learning (Kutaka-
Kennedy, 2015).  

The teaching strategy in active learning based on 
TPACK model in this study was carried out with several 
strategies, namely PBL, RQA, and PBL-RQA. Creativity 

can actually be increased with these three strategies. This 
result is due to the various strategies applied in the 
learning process that have the same goals with their 
respective advantages. PBL has the advantage that 
students are invited to think more creatively in solving 
problems in everyday life. RQA has the advantage that 
students are expected to have a sense of curiosity 
through the stages of reading and to ask questions so as 
to bring up their new ideas. PBL-RQA is a combination 
of both PBL and RQA teaching strategies which has the 
advantage that students have more knowledge, ideas, 
and the development of creativity in solving problems 
through problem orientation, reading, and asking 
questions. 

PBL resulted in greater student involvement in 
classroom activities. Students are guided and directed to 
be actively involved in building new knowledge through 
identifying and solving unstructured daily life problems 
(Choden & Kijkuakul, 2020). In PBL, students tackle real 
problems under the supervision of an educator (Fonseca 
& Gómez, 2019). The application of PBL affects students 
conceptual development for the better, positive changes 
in problem solving skills, and keeping their 
misconceptions at the lowest level (Akinoglu & 
Tandogan, 2007). PBL must be designed properly so that 
it gets maximum results in empowering and improving 
the skills needed by students in the world of work 
(Lapek, 2018). Classes with the RQA strategy are able to 
increase student involvement in the learning process 
through discussion forums both individually and in 
groups (Bahri & Corebima, 2015). Reading and asking 
questions that are carried out at the stage of the RQA 
strategy, it can improve students higher order thinking 
skills (Hariyadi et al., 2017). In the PBL-RQA strategy, 
where students are faced with various unstructured 
problems that come from everyday life. Through various 
stages such as problem orientation, reading, and asking 
students to make the problem more structured and 
clearer (Bahri et al., 2019). 

The three teaching strategies of PBL, RQA, and PBL-
RQA need to be well designed by educators so that their 
various advantages have an impact on the development 
and improvement of various 21st century skills, one of 
which is creativity. Different teaching strategies are 
needed to empower students creativity (Joy, 2015). 
Creative instructional design should be incorporated 
into the teaching of educators to develop the knowledge 
and skills needed to shape student development, 
particularly the development of creativity (Kaplan, 
2019). Creativity can be presented in virtual classrooms 
through the development of appropriate content and 
teaching strategies by educators (Joy, 2015).  

Knowledge of genetic content can be seen from the 
various student answers to the creativity test after 
TPACK-based active learning is carried out. The answers 
were assessed using the rubric of creativity which refers 
to a modification of Greenstein (2012). The results show 
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that students creativity has increased. This phenomenon 
is indicated by the answers of students who have met the 
five indicators of creativity according to Greenstein 
(2012), namely curiosity, fluency, originality, 
elaboration, flexibility, and one indicator according to 
Treffinger et al. (2002), namely metaphorical thinking. 

Based on student answers for the curiosity indicator, 
DF students have presented four relevant questions 
about a phenomenon based on the given discourse. 
Students already have a curiosity about genetic 
engineering phenomena that occur in everyday life, so 
from this curiosity, new ideas emerge from students. 
According to Greenstein (2012), curiosity means 
investigating, asking questions, seeking deeper 
meaning. Curiosity is a strong motivator for learning 
and behavior and is closely related to the emergence of 
one’s creativity (Gross et al., 2020). The second indicator 
is fluency. ZR students on questions with fluency 
indicators provide answers by bringing up several 
relevant ideas to solve problems and their objectives 
regarding genetic engineering.  

According to Greenstein (2012), fluency is a person’s 
ability to produce a number of ideas. According to 
Treffinger et al. (2002), fluency refers to the quantity or 
ability of a person to generate ideas in large numbers. A 
person’s ability to respond to open-ended questions or 
refer to a person’s thought process. 

Based on AR students answers to questions with 
indicators of originality, they have brought up ideas that 
are innovative, relatively new, unique, or unusual and 
relevant. These unusual ideas will bring up and increase 
student creativity, especially in the genetics course. 
According to Treffinger et al. (2002), originality refers to 
the ability to generate new and unusual ideas. According 
to Greenstein (2012), originality is ideas that are new, 
fresh, unique, or unusual generated by someone. 
Originality is needed to generate creativity in the fields 
of science and art (Scheffer et al., 2017).  

Another indicator is elaboration. YZ students provide 
answers to questions with elaboration indicators. YZ has 
presented some ideas in detail by adding some facts 
about the genetic engineering of plants. Elaboration 
refers to the ability to add detail, beautify, and expand 
ideas (Shively, 2011). Elaboration involves making ideas 
richer, more interesting, and more complete (Treffinger 
et al., 2002). In the questions with flexibility indicators, 
AN students presented three kinds of ideas that were 
logical and relevant to problems regarding genetic 
engineering that occur in everyday life. The logical and 
relevant ideas are presented from different points of 
view. This is in accordance with the statement of 
Greenstein (2012), that flexibility is an idea that shows 
various possibilities. Flexibility is the ability to see topics 
from different perspectives (Shively, 2011). Flexibility 
refers to the ability to change the direction of one’s 
thinking or change the point of view of one’s thinking. 

Flexibility involves being open to reviewing ideas or 
experiences (Treffinger et al., 2002).  

Metaphorical thinking indicators require students to 
display some appropriate and logical analogies or 
illustrations. The answers of AJ students on the 
indicators of metaphorical thinking have shown an 
analogy about the genetic engineering phenomenon 
associated with daily activities. According to Treffinger 
et al. (2002), that metaphorical thinking can optimize 
conceptual understanding of the problems found in 
everyday life. Metaphorical thinking refers to the ability 
to use comparisons or analogies to make new 
connections. Navaneedhan and Kamalanabhan (2016) 
stated that metaphorical thinking helps students to 
generate and refine ideas. Metaphorical thinking will 
build self-regulation planning, monitoring, and 
evaluation of their own thinking which allows them to 
form the right attitude and acquire knowledge. 

The results of this study indicate that the TPACK-
based PBL, RQA, and PBL-RQA teaching strategies do 
not differ in increasing student creativity in the genetics 
course. Therefore, these three strategies can be used in 
genetics or other courses. But all three also have their 
own limitations.  

A limitation of the PBL class is that students need a 
lot of time to find solutions to the problems given. The 
RQA class has limitations, namely that a small number 
of students have similar questions and answers. This 
may be caused by the reference as the same reading 
material from the lecturer. The PBL-RQA class has 
limitations caused by the relatively long stages, so 
students need a relatively longer time than PBL and 
RQA. Limitations also occur in technological aspects 
such as: digital devices such as laptops or cellphones that 
do not support and unstable signals. 

Limitation 

In this study, no conventional strategy was used for 
the control class. Usually before the pandemic, genetics 
courses were taught with the RQA strategy. However, 
because this research was carried out during the COVID-
19 pandemic, research must use various technologies, 
both asynchronously and synchronously. The strategy 
used to become RQA based on the TPACK model, is the 
same as that carried out in the other two class treatments, 
so that it becomes a limitation in the study which causes 
all classes to be treatment (without a control class). 

CONCLUSION 

Student creativity in genetics can be enhanced by 
various teaching strategies such as PBL, RQA, and PBL-
RQA. The teaching strategy is implemented in active 
learning based on the TPACK model. However, each 
teaching strategy has different limitations in its 
implementation. Therefore, if they are going to 
implement the three teaching strategies, educators are 
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expected to be able to prepare them well to overcome 
these limitations. The solution to overcoming the 
limitations of these teaching strategies can be an 
opportunity for further research. 
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