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ABSTRACT 

Problem-based learning integrated with Digital Argumentation (PBL-DA) is a learning 

strategy for optimizing innovative learning in the digital era. This research aimed to 

investigate whether the application of PBL-DA can foster the Computational Thinking 

(CT) and Higher Order Thinking Skills (HOTs). A quasi-experimental design measured 

three aspects: skill (decomposition, algorithm design, evaluation), attitude (confidence, 

communication, flexibility), and approach (tinkering, creating, collaborating). The 

students' HOTs were measured through eight aspects: critical thinking, argumentation, 

problem-solving, problem-identifying, understanding concepts, analysing, making 

decisions, and creative thinking. The students' CT and HOTs scores of control and 

experimental classes were analyzed using Hotelling’s T² test and Tukey’s post hoc test. 

The Hotelling’s T² test revealed a significant difference between the experimental and 

control classes for both CT and HOTs (T² = 0.340, p < 0.001 for CT; T² = 0.718, p < 0.001 for 

HOTs). Tukey’s test further showed that PBL-DA significantly impacted the CT skill and 

attitude aspects (p < 0.01), while the approach aspect was not significant (p > 0.05). For 

HOTs, critical thinking, argumentation, problem-identifying and analyzing were 

significantly improved (p < 0.01), but problem-solving, understanding concepts, making 

decisions, and creative thinking showed no significant improvement (p > 0.05). Pearson’s 

correlation analysis indicated a strong positive correlation (r = 0.651, p < 0.001) between 

students' CT and HOTs skills. These findings provide evidence of the effectiveness of the 

PBL-DA model in improving students' CT and HOTs, demonstrating its potential for 

fostering critical and higher-order thinking skills in the digital era.  
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Introduction 
 

The 21st century requires every country to create a society that can communicate and 

collaborate to solve problems through critical, creative and innovative thinking. It forces the 

educational system of many countries to focus on higher order thinking skills (HOTs) to prepare 

human resources to compete in the global digital era. The idea of incorporating computer thinking 

into the school curriculum as one of the essential skills for today's children is gaining ground around 

the world due to the widespread development of information and communication technology (ICT) in 

education and the skill demands of the 21st-century lifestyle. While the use of ICT in educational 

practices allows the enhancement of HOTs, thinking skills alone are inadequate to solve complex 

problems (Gordillo-Tenorio & Cabanillas-Carbonell, 2023). Computational thinking (CT) as a 

cognitive process involving reasoning is needed to solve problems and better understand processes 

and systems (Csizmadia et al., 2015). 

HOTs are high-level skills that include the domains of analysis, synthesis and evaluation 

(Anderson et al., 2001; Hill, 2015). Critical thinking processes, analytical skills and creativity are the 

areas of HOTs that are crucial in developing human intellectuality. Practising HOTs in the learning 

process is essential because it affects the rate of thinking, problem-solving, and the effectiveness of 

student learning and will be triggered when someone is given a stimulus in the form of a problem 

(Liline et al., 2024; Srivastava & Mudholkar, 2001). As to HOTs, CT is a fundamental skill that not only 

people in the computer field ought to have. CT skills need to be taught in the classroom at the same 

level as HOTs. The issue is that most lessons in the classroom are not familiar with the practice of CT 

and HOTs. Therefore, involving CT and HOTs indicators in learning activities is essential in courses 

including Biology Education.  

Training students for HOTs requires the integration of ICT to be relevant to the current digital 

era. Research on ICT-integrated HOTs showed significant results in supporting students' critical 

thinking skills (S. M. Lee, 2014). The existence of technology in learning drives students to become 

more independent in their learning activities, such as finding relevant learning resources, stimulating 

creative questions, and solving problems. Previous research showed that ICT is an appropriate and 

suitable means to stimulate and build students' understanding of learning materials (Kale et al., 2018; 

Williams et al., 1994). The process of integrating ICT to support student HOTs certainly cannot be 

separated from the form of learning in the classroom related to the learning model and learning tools 

used. However, the CT and HOTs of undergraduate students tend to be low (Giannetto & Vincent, 

2014). The educational faculty must prepare their students as prospective teachers to become future 

professional teachers. Familiarizing students with CT (Hunsaker, 2020) and HOTs is essential for 

enhancing the quality of human resources. However, in this case, there is no information about the CT 

abilities of students at Universitas PGRI Madiun (UNIPMA), Indonesia, and Nueva Ecija University of 

Science and Technology (NEUST), Philippines.  

The results of previous studies have shown that the HOTs of prospective biology teachers at 

UNIPMA still need to be improved (Cantona et al., 2023), specifically in the Biodiversity course. At the 

Department of Science in NEUST of The Philippines, the students found similar difficulties in this 

course as the students at the Department of Biology Education of UNIPMA. Most students have not 

been able to comprehend the classification and benefits of the plants that are found around them. This 

problem must be overcome so that the quality of graduates meets the standards to become the 

professional teachers. Improving the quality of learning continuously needs to be improved through 

the application of various innovative learning models (Montoneri, 2014). The application of the 

learning model designed to foster HOTs is expected to lead students to comprehend the biodiversity 

lecture material, find solutions to problems, and evaluate conditions and activities that have been 

carried out more creatively and dynamically at the same time.  

A previous study reported that the PBL model had the potential to increase HOTs. The 

research that combined problem-based learning activities showed that the implementation of PBL 

enhanced students’ HOTs through concept transfer in new situations, integrating concepts, increasing 
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intrinsic learning interest, and training learning skills (Habók & Nagy, 2016). The application of 

technology-integrated PBL to support the ability of prospective teacher students to develop 

professional content knowledge and teaching skills (Kale et al., 2018), improved HOTs (Mubuuke et 

al., 2016) and problem-solving skills of students (Nantha et al., 2022). Previous studies indicated that 

the application of ICT-based PBL which prioritizes students' thinking through digital argumentation 

(DA) increased students' HOTs. The development of arguments from conventional patterns as digital 

format using ICT showed a significant change in generation in conveying arguments so that they can 

be traced by identifying, analyzing, and ways of thinking in building their arguments (Pereira et al., 

2015). On the one hand, the pattern of argumentation changes made by students in the digitalization 

era greatly affects critical thinking skills, which are components of HOTs. The existence of ICT was a 

bridge for students to convey their arguments digitally without being limited by space or time 

(Tanujaya et al., 2017).  

We initially designed PBL-DA as part of the syntax in the modified PBL model that can 

improve student CT and HOTs. The PBL-DA model allows students to train themselves to convey 

what they think by writing the argumentation on an ICT-assisted platform. Students with low ability 

to argue directly can be overcome by digital media. On the other hand, the arguments presented in the 

e-learning platform can still be observed by students both who write and other students who read the 

arguments. The quality of students' CT and HOTs and their correlation can be assessed. Therefore, it is 

necessary to know whether the implementation of PBL-DA can improve CT and HOTs, especially in 

learning Biodiversity. This study of implementation of PBL-DA was aimed to promote CT and HOTs 

in learning Biodiversity of students in two universities of Indonesia and The Philippines. By the 

implementation of PBL DA, students are given the opportunity to convey their thoughts or arguments 

digitally, especially in the context of problem solving based on the theme of biodiversity. Thus, this 

study was conducted to answer the research question "How does the implementation of PBL DA 

affect CT and HOTs abilities in the Biodiversity course?"  

 

Literature Review  

 

Computational Thinking (CT) and Higher Order Thinking Skills (HOTs) 

 
Computational thinking (CT) is currently a trend in education and a cognitive process, a 

problem-solving process that reflects the ability to think in terms of abstractions, algorithms, 

decompositions, generalizations and evaluations (Lawshe, 1975). These indicators can be used 

effectively to improve learning process and its assessment. It can also be described as a focused 

approach applied by transforming real-world problems into computable parts and applying solutions 

efficiently (Gao & Hew, 2022; Tosun & Senocak, 2013). There is no single definition of computational 

thinking, but there are general concepts such as logic, abstraction, generalization, decomposition, and 

evaluation. Anyone, not just computer scientists, can apply one or a set of computational reasoning 

skills to these concepts. CT skills emerged around the 1980s era, along with the mainstream use of 

technology in many areas (Haryani et al., 2014). As one of the important indicators in the mechanism 

of rational thinking process, CT tends to be rarely used in learning activities. Therefore, it is important 

to include CT components as indicators as well as their assessment. The integration of technology 

such as computers, smartphones, and various other types of gadgets is increasing rapidly shows that 

encouraging CT skills is necessary in the learning process (Hopson et al., 2001). In a broader context, 

CT abilities with a computational thinking orientation to solve complex problems by finding problem-

solving ideas using a computer (Kelly et al., 2016) is very closely affiliated with higher-order thinking 

skills which were trained with ICT support (Greenbank, 2010).  

As with a CT, HOTs represent an advanced cognitive concept on the capacity for effective 

problem-solving. The HOTs paradigm encompasses four cognitive skills: problem-solving, critical 

analysis, innovative thought and decision-making (Alkhatib, 2019), which are essential cognitive 

processes that enable individuals to analyse, evaluate, and create new ideas or solutions. These skills 
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are crucial for students to navigate complex problems and adapt rapidly to the changing demands of 

the 21st century (Bhaumik et al., 2024). Developing HOTS can equips students with the ability to make 

better decisions and think independently. It encourages innovation by enabling students to think 

beyond conventional boundaries and contribute positively to society. The challenge in implementing 

HOTS for the teacher is the need for deep understanding and preparedness. Therefore, the teachers 

need to develop effective learning designs and questioning techniques to facilitate HOTS in the 

classroom.  

 

Problem Base Learning (PBL) 
 

Problem-base learning (PBL) is a learning model that adopts problems encountered in 

everyday life as its advantage. PBL is a student-centred approach that involves groups solving open-

ended problems to learn about a subject. This problem is what motivates and enables learning (Skelin 

et al., 2008). PBL plays a role in comprehending new situations, integrating concepts, and increasing 

learning motivation (Habók & Nagy, 2016) and is carried out in the following stages of activity: 

designing problems, presenting problems to students, discussing with facilitators, and presenting 

results (Milroy, 2021; Tsortanidou et al., 2019). Through the application of PBL, students will try to 

solve problems that require a lot of information from various sources. The application of PBL also has 

the potential to increase students' HOTs through the ability to understand the material better (Habók 

& Nagy, 2016) and develop content knowledge (Kale et al., 2018). Related to the development of ICT, 

the application of PBL with the support of these facilities will accommodate the development of 

education in university, including how students communicate and argue (Andrews, 2015).  

A well-designed PBL allows students to develop skills such as teamwork, project 

management, and leadership roles, oral and written communication, self-awareness and evaluation of 

group processes, independent work, critical thinking and analysis, explaining concepts, self-directed 

learning, applying course content to real-world examples, researching and information literacy, and 

cross-disciplinary problem solving (Nilson, 2010). According to Duch et al., ( 2001), the general idea of 

creating PBL problems for classroom learning can be used in the following steps: First, choose a main 

idea, concept, or principle that is regularly taught in a lesson, and then think of a closed-ended 

problem, exercise, or task that will be given to students to help them learn that topic. List the learning 

objectives that students should achieve when solving problems. Second, consider the overall context 

of the project to motivate students to solve problems by studying real cases where they can develop or 

apply narrative features to the problems at the end of each chapter. More complex problems require 

students to solve problems beyond simple plug-and-chug. Third, problems should be included in the 

sections so that students understand the learning problems that lead them to learn the target topic. 

Fourth, write a teacher's guide that summarizes the teaching plan for using the problems in the lesson. 

If the course is a medium to large class, mix small talk, whole class discussions, small group work and 

regular discussions. The teacher's guide may indicate plans or options for going through pages of 

problems in different disciplines. Finally, identify key resources for students. Students must learn to 

identify and use study materials on their own, but instructors may want to point them to some reliable 

sources to get them started. Many students prefer to limit their research to the internet, so it is also 

important to direct them to the library. 

 

Digital Argumentation (DA) 

 
Digital argumentation (DA) is the result of the development of communication patterns 

through ICT-based student logical arguments (Hajj & Harb, 2023; Karami et al., 2013). Students' 

arguments are conveyed by writing their opinions on the material on a platform that has been 

prepared. The DA delivered by students can be an indicator of their level of understanding as well as 

the way they think about the topics discussed. This digital presentation of arguments has the 

advantage of being more structured in the sentences composed by students. Students will have more 
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time to evaluate each argument that will be presented. Therefore, students will tend to repeat the 

material before presenting their digital arguments. The weakness that arises with the use of DA is the 

expression or spontaneity of thoughts that cannot be directly observed. The pre-existing DA track 

record is also an important part of assisting the evaluation process when needed. Arguments from 

time to time are shown in digital formats such as cassette tapes and compact discs until now, based on 

databases such as the Internet. With the advancement of technology, the argumentation format is 

more concise and has many functions, including helping develop students' HOT skills (Fan et al., 

2020). 

 

Theoretical Framework of PBL-DA to Cultivate Students’ CT and HOTs 

 
CT and HOTs have connectivity in supporting students as a problem solver as a vital 

component in modern education. CT provides a structural approach to problem-solving that aligns 

closely with the development of HOTS, which include analysis, evaluation, and creation. The way CT 

stages such as decomposition, pattern recognition, abstraction and algorithm design mirror the 

cognitive processes that involved in HOTs. The PBL-DA design is developed from a problem-based 

learning model that is integrated with technology through Digital Argumentation (DA). Model 

development is carried out by modifying and integrating the syntax with other components with a 

specific purpose, based on the needs analysis and literature review (Viyanti et al., 2020). The PBL-DA 

model uses basic PBL syntax which are then integrated with information technology to accommodate 

the DA tasks submitted by students that can be implemented in group or individual learning 

(Lukitasari et al., 2020). The PBL-DA syntax can be presented as follows: problem orientation; student 

organization;  brainstorming or submitting stimulus questions; data collection through research; 

shared information and discussion to find solutions to problems; presenting the results of problem-

solving; and analysis and evaluation of problem solutions (Lukitasari et al., 2021). By integrating PBL 

and DA, students are encouraged to engage deeply with content, develop critical and creative 

thinking, and apply computational strategies effectively. PBL-DA can significantly improve students' 

CT skills by providing a structured yet flexible framework for dealing with complex problems (Aryan 

et al., 2022). PBL encourages students to actively participate in their learning process, fostering critical 

thinking and problem-solving skills, which are important components of CT. Digital Argumentation, 

on the other hand, supports the development of scientific literacy and reasoning, which further 

enhances CT skills (Voon et al., 2022). This approach creates a comprehensive learning environment 

that encourages the development of CT and HOTs skills.  

 

Methods 

 

Research Design  

 
This research is a mixed methods which is a combination of qualitative and quantitative 

research. This type is carried out by collecting qualitative data which is explored based on the 

conditions of implementing PBL-DA in the classroom. Then the qualitative data was converted to 

quantitative data to explain the result comprehensively.   

This study was a quasi-experimental research with a counterbalanced design (Hopson et al., 

2001). The research involved two groups of students treated with different learning models. The 

control group was subjected to the conventional learning model that applied with classroom 

discussion. The experiment classroom used the PBL-DA learning model (Lukitasari et al., 2018). The 

PBL-DA accommodates PBL syntax with modification by using Learning Management System (LMS) 

to facilitated arguments presented by students during the learning process.  
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Population and Sample 

 
The population of this research were students of biological science study program from two 

universities, Nueva Ecija University of Science and Technology (NEUST) of the Philippines and 

Universitas PGRI Madiun (UNIPMA) of Indonesia, in total 439 students, consisted of 246 students at 

NEUST and 193 students at UNIPMA. The research sample were 2 classes at each university to be 

used as a control and experimental class. Class selection was carried out using purposive random 

sampling based on classes that in the odd semester of 2022/2023 contained biodiversity courses. The 

number of students in either control and experimental classes were 25 students so that the total 

number of sample were 100 students.  

 

Research Procedure 

 
Research activities began with synchronization of Biodiversity course material which was 

implemented for one semester at NEUST and UNIPMA. Thereafter, PBL-DA learning model applied 

was carried out by the lectures both universities for the topic of Biodiversity. Detailed course plan is 

presented in appendix 1, with sample lesson plan and worksheet in appendix 2 and 3, respectively, as 

shown in Table 1.   

 

Table 1   

Control and experiment classes  

Unit classes Condition 

Experiment Control 

UNIPMA 

(Indonesia) 

 

PBL-DA 

 

Conventional 

NEUST 

(Philippines) 

 
The PBL-DA learning method was implemented in the experiment class for one semester. The 

stages of PBL-DA (Lukitasari et al., 2018) Meanwhile, the control class was taught using discussion 

and presentation methods following the material. 

  

Instrument 

 
The instrument for measuring CT skills was an essay task that consisted of five components: 

abstraction, algorithmic reasoning, decomposition, evaluation and generalization (Haryani et al., 

2014). Essay task was given on each topic of biodiversity during the lecture period. The CT skills were 

gathered using the 4 -point marking keys that was developed by Jensen et al. (2014). The development 

of HOTs and CT instruments were validated by eight experts (Kelly, 2016) using CVI and CVR 

(Williams et al., 1994). The validation result for the CT instrument shows that the number of CVI and 

CVR is > 0.79 and = 0.75 consecutively. 
The instrument to measure the students’ HOTs was given twice to the control and 

experimental classes, as a pretest and post-test. The pretest was used to determine the students’ 

existing knowledge and homogeneity between the two experimental and control classes about the 

subject before any intervention. The post-test was used to test the effectiveness of the PBL-DA method 

in improving students’ understanding compared to conventional methods. The HOTs instrument was 

developed using 30 multiple-answer validated test questions following the lecture material. 
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Data Analysis 

 
CT and HOTs data in ordinal form were converted into interval scale form through the 

method of successive intervals (Gilbert & Prion, 2016). The data were then analyzed descriptively to 

reveal students' CT and HOTs abilities. To determine the effect of the PBL-DA model on CT and HOTs 

analyzed by Hotteling’s T2 test (Nantha et al., 2022; Pereira et al., 2015) continued by Tukey test 

(Nirbita et al., 2018). The correlation between CT and HOTs of the student was analyzed with the 

Pearson correlation test. All statistical analyses used IBM SPSS version 26. 

 

Findings 

  

Students’ Computational Thinking Skills 

 
Computational thinking skills at Table 2 shows three components of CT skills of the students 

in both control and PBL-DA classes. The average and each aspect of students’ CT skills in the PBL-DA 

class are relatively higher than control class, with the highest difference is shown in skill aspect.  

 

Table 2  

Students’ computational thinking in control and PBL-DA classes in biodiversity course (N = 50) 

No 
Aspects of students’ 

Computational Thinking 

Classes 
Mean Diff.  

(Control-PBDL DA) 
Control 

(Mean±SD) 

PBL-DA 

(Mean±SD) 

1 
Skill (Decomposition, Algorithm 

Design, Evaluation) 
59.58±0.73 71.47±0.56 11.89 

2 
Attitude (Confidence, 

Communication, Flexibility) 
68.35±0.67 73.33±0.58 4.98 

3 
Approach (Tinkering, Creating, 

Collaborating) 
68.35±0.67 68.99±0.54 0.64 

 

AVERAGE 65.43±0.69 71.27±0.56 5.84 

 

The effect of PBL-DA on Students’ Computational Thinking Ability 

 
To determine the effect of the PBL-DA model on CT and HOTs, the Hotteling’s T2 analysis 

was conducted. Normality and homogeneity tests were carried out as prerequisites for Hotteling’s T2 

test followed by the Tukey, as the results are shown in Tables 3 and 4. 

 

Table 3  

Normality test of students’ CT   

Variable 

 

Normality Test 

(Kolmogorov-Smirnov) 

KS-Z Sig 

CT 0.857 0.455 

 

Table 3 shows that the p-value for the normality test on the students’ CT variables is 0.455. The 

p-value > 0.05 indicates the variable has normally distributed data. 
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Table 4  

Variance analysis of CT aspects and PBL-DA control group 

Box’s test of equality of covariance matrices Levene’s test of equality error variances 

Box’s M = 1.633 CT Aspect  F df1 df2 Sig. 

df1        = 6 Skill 0.779 1 98 0.380 

df2        = 69583.698 Attitude 0.005 1 98 0.942 

Sig.       = 0.954 Approach 0.013 1 98 0.911 

 

The results of Box's Test of Equality of Covariance Matrix in Table 4 show that the variance-

covariance matrix between the PBL-DA model and the control classes were homogeneous (Sig. = 0.954 

>0.05). Table 4 also shows that each aspect of DT has a homogeneous data variance (Sig. = 0.380; 0.942 

and 0.911 > 0.05). Based on these results, the Hotelling Test T2 analysis followed by Tukey test can be 

performed.  

Table 5 shows that the Hotelling Trace value is 0.340 with a Sig. 0.000 (Sig. <0.05). This result 

indicates that there was an influence of the PBL-DA on students' CT abilities. Moreover, Tukey test 

results show that PBL-DA significantly influences two aspects of students’ CT, which were skill and 

attitude (p-value <0.05), while for the approach aspect, the effect of PBL-DA did not affect it 

significantly (p-value >0.05). 

 

Table 5  

Hotteling’s T2 and Tukey test results of students’ computation thinking abilities. 

Effect (Group) Value Sig. Variable Tukey HSD 

Q statistic 

Tukey HSD 

p-value 

Tukey HSD 

inference 

Hotelling's Trace 0.340 0.000 

Skill 6.0902 0.001 Significant 

Attitude 4.2160 0.003 Significant 

Approach 0.3083 0.833 Insignificant 

 

Students’ High-Order Thinking Skills 
 

Table 6 shows the students’ high-order thinking which is divided into eight aspects in control 

and PBL-DA classes. 

 

Table 6 

Students’ HOTs in control and PBL-DA classes in Biodiversity course (N = 50) 

No 
Aspects of Students High Order Thinking 

Skills 

Classes Mean Diff. 

(Control-

PBDL DA) 
Control 

(Mean±SD) 

PBL-DA 

(Mean±SD) 

1 Critical Thinking  58.65±0.78 85.52±0.52 26.87 

2 Argumentation skills 55.06±0.73 71.46±0.64 16.4 

3 Problem Solving  61.44±0.69 66.68±0.68 5.24 

4 Identifying Problems 63.02±0.65 74.63±0.57 11.61 

5 Understanding Concept 68.87±0.67 63.02±0.74 -5.85 

6 Analyzing 66.68±0.69 78.86±0.57 12.18 

7 Making Decisions 71.46±0.63 74.63±0.61 3.17 

8 Creative Thinking 
       60.00±0.70 

 
64.75±0.68 4.75 

 

AVERAGE 63.15±0.69 72.44±0.63 9.29 
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The Effect of PBL-DA on Students’ High-Ordered Thinking Skills in Biodiversity 

 
As previously carried out on students’ CT data, the Hotteling’s T2 analysis was carried out to 

determine the effect of the PBL-DA model on CT and HOTs. Normality and homogeneity tests were 

carried out as prerequisites for Hotteling’s T2 test followed by the Tukey, as the results are shown in 

Tables 7 and 8. 

 

Table 7  

Normality test of students HOTs data. 

Variable 

 

Normality Test 

(Kolmogorov-Smirnov) 

KS-Z Sig 

HOTs 0.826 0.503 

 

Table 7 shows that the p-values for the normality test on the students’ HOTs variables was 0.503. The p-

value > 0.05 indicates the variable has normally distributed data. 

 

Table 8 

 Homogeneity analysis of PBL-DA control group and HOTs aspects 

Box’s test of equality of 

covariance matrices 
Levene’s test of equality error variances 

Box’s M = 12.978 

df1        = 36 

df2        = 32316.056 

Sig.       = 0.060 

HOTs Indicator  F df1 df2 Sig. 

Critical Thinking 0.749 1 98 0.389 

Argumentation 1.481 1 98 0.226 

Problem-Solving 0.763 1 98 0.385 

Identifying 

Problem 
0.373 

1 98 
0.543 

Understanding 

concept 
0.000 

1 98 
1.000 

Analyzing 0.428 1 98 0.515 

Making decision 0.053 1 98 0.818 

Creative thinking 0.476 1 98 0.492 

 

The results of Box's Test of Equality of Covariance Matrix in Table 9 show that the variance-

covariance matrix between the PBL-DA model and the control is homogeneous (Sig. = 0.060>0.05). 

Table 8 also shows that each HOTs aspect has a homogeneous data variance (Sig.>0.05). Based on 

these results, the Hotelling Test T2 analysis followed by Tukey test was carried out (Table 9). 

The results of the analysis in Table 9 show that the Hotelling Trace value is 0.718 with a Sig. 

0.000 (Sig. <0.05). This result indicates that there was an influence of the PBL-DA treatment group on 

students' HOTs abilities in general. Moreover, the Tukey test results show that PBL-DA influenced 

four aspects of HOTs, that were critical thinking, argumentation, identifying problems, and analyzing 

(p-value < 0.05). Meanwhile, PBL-DA did not affect significantly (p-value >0.050 on the other four 

aspects of HOTs, including problem-solving, understanding concepts, making decisions, and creative 

thinking aspects. 
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Table 9 

Hotelling T2 and Tukey tests of students’ HOTs.  

Effect 

(Group) 
Value Sig. Variable 

Tukey 

HSD 

Q statistic 

Tukey 

HSD 

p-value 

Tukey HSD 

inference 

Hotelling's 

Trace 
0.718 0.000 

Critical Thinking 8.9544 0.001 Significant 

Argumentation 5.1970 0.001 Significant 

Identifying Problem  3.7409 0.009 Significant 

Analyzing  4.0342 0.005 Significant 

Problem-Solving 1.6547 0.244 Insignificant 

Understanding 

concept 

1.8904 0.184 Insignificant 

Making decision  1.0316 0.467 Insignificant 

Creative thinking  1.5153 0.286 Insignificant 

 

The Correlation Between Students’ CT and HOTs 
 

Pearson correlation analysis has Sig value < 0.05. The result of this study indicates a positive 

correlation between students' CT and HOTs abilities with a strong correlation level (0.651) as shown in 

table 10.  

 

Table 10  

Correlations analysis between student’ CT and HOTs 

 HOTs CT 

HOTs Pearson Correlation 1 0.651** 

Sig. (2-tailed)  0.000 

N 100 100 

CT Pearson Correlation 0.651** 1 

Sig. (2-tailed) 0.000  

N 100 100 
Note. Correlation is significant at the 0.01 level (2-tailed). 

 

Discussion 

 
The implementation of the PBL model that developed into PBL-DA through technology 

integration in this study showed a significant increase in HOTs and CT skills in several aspects. PBL 

encourage students to be involved and seek their learning through problem-solving (Allchin, 2013; 

Greenbank, 2010). In practice, the problems raised and resolved by student groups were based on the 

theme or sub-theme of the biology course, that were integrated science and Biodiversity. The lecture 

process, with the support of technology, encourages students to be able to convey arguments both in 

writing and in person.  

The result shows that CT and HOTs abilities significantly difference between experiment and 

control classes. These results indicated that the PBL-DA learning model (Lukitasari et al., 2018) that 

was used can encourage an increase the students' CT and HOTs abilities. The submission of problems 

based on narratives from many sources to be resolved in groups provides facilities for developing the 
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capabilities of CT and HOTs. Discussions to accommodate opinions as well as possible alternative 

solutions to problems (Milroy, 2021) are an important part of implementing PBL-DA. During lectures 

and when practicing CT skills, especially when solving problems, students use a lot of computer 

support. Then, with their groups, they hold discussions and then sort out the material obtained to 

analyze the possibilities of solving the problems presented. Technically, student groups optimize 

resources starting with computers, mobile phones, supporting software programs, and internet 

networks. In this process, it is consistent that learning conditions using many technological sources 

were part of CT capabilities, especially from a computational perspective (Lukitasari et al., 2021) 

nurturing students' CT of pattern recognition and decomposition concepts  (Jawawi et al., 2022). On 

the other hand, students' HOTs abilities also experienced significant differences between the 

experimental and control classes. The PBL-DA combination trains students in solving problems that 

have an impact on increasing HOTs. With the clear stages of PBL, students can think critically, present 

arguments online and offline, identify problems, carry out analysis, and find possible solutions to 

problems with the help of technology. Connectivity between individuals in social interactions, both 

directly and indirectly, was a determining factor in the growth of student HOTs (S. M. Lee, 2014). 

The interesting results on this study were obtained after Hotteling’s test carried out on the two 

variables, CT and HOTs. Based on the aspects measured on CT, the approach was the only aspect that 

is not significant compared to the other two aspects: skill and attitude. The approach aspects, which 

consists of the sub-aspects of tinkering, creating and collaborating, were possible because the 

communication process has not been optimal in the groups that have been formed, although, on the 

other hand, the existence of groups should be in line with optimizing collaboration within the group. 

In this case, it was very important to pay attention to the approach aspect when the learning process is 

carried out, both between lecturers and students and between students who were members of groups. 

The approach process was an important part to be maintained as a way of providing a sense of 

comfort for students to express the ideas they get. It was because the ideas conveyed in the form of 

computational-based work as a form of CT are a form of communication that requires complex skills 

such as thinking, being creative (Fields et al., 2021), and collaboration in groups. It can be further 

explained that group collaboration plays an important role in developing students' HOTs abilities. 

The Hotteling’s test measures HOTs ability, which was the dependent variable of this study, 

based on eight aspects, showing four aspects (critical thinking, argumentation, identifying problems, 

and analyzing) were significant, while four other aspects (problem-solving, understanding concepts, 

making decisions, and creative thinking) were not significantly affected by the implementing PBL-DA. 

Many factors, such as mindset, background understanding, and the ability to overcome obstacles 

(Green, 2017), can influence and explain why the four aspects of HOTs were not significant. Practicing 

HOTs in learning activities simultaneously in many forms, such as getting used to working on HOTs-

based questions and the process of working on assignments to solve problems, was an important part 

of learning. Therefore, the role of educators as interventions to encourage students' thinking levels is 

an important part that needs to be pursued (Labak et al., 2024; K. Lee & Cho, 2021). The habituation 

factor in practicing HOTs in the learning process was very significant for increasing aspects of 

understanding concepts (Jazuli et al., 2020). These interesting results demonstrate the complexity of 

HOTs capabilities, which have the potential to be developed specifically in many ways (Lye & Koh, 

2014). 

 

Conclusion and Implications 

 
In conclusion, the results of this study indicate that there was a significant difference in CT 

and HOTs performance between the experimental and control classes after applying the PBL-DA 

learning model. The PBL-DA model, with most of the lecture time being conducted online, is 

motivated using technology to support the learning process. Even though the overall test results 

showed significant results, when additional tests were carried out to determine the results of CT and 

HOTs in each aspect, several aspects were found to be not significant. Thus, it can be concluded that 
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the successful application of PBL-DA for CT and HOTs does not only require technology as the main 

foundation but also requires habituation and active communication in the form of collaboration 

between students and other students and also between students and lecturers. Furthermore, the 

results of this study suggest a wider and more diverse sampling to facilitate and encourage more 

comprehensive results from the CT and HOTs. 
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Appendix 1 

Course Plan Outline 

COURSE OUTLINE OF PLANT BIODIVERSITY 

What is this course about? 

In this course you investigate diversity of the plant: Plant biodiversity & Biodiversity levels, Genetic, 

species and ecosystem biodiversity, Biodiversity & Ecological distribution of Chryptogamae, 

Biodiversity & Ecological Distribution of Angiosperm, and Biodiversity & Ecological Distribution of 

Gymnosperm 

How will this course be delivered? 

Learning activities are carried out using blended learning by utilizing the existing learning management 

system (LMS), as e-learning UNIPMA (eLMA). Apart from that, the implementation of learning is 

framed using problem based learning (PBL) and encourages active student communication online or 

digital argumentation (DA) in the (eLMA). 

Learning 

materials 

 

The learning material will introduce and invite the students to carry out 

investigations and observations about plant diversity. Students will carry out 

activities in groups by working on assignments that have been designed according 

to the material. Students will explore plant biodiversity of Chryptogamae, 

Angiosperm and Gymnosperm. Students also learn how the ecological distribution 

plans and the interaction each other.  

Observation/ 

Practicum 

Practical activities are carried out in groups which are useful for expanding 

knowledge and understanding of the material. Students make observations and 

describe plant types according to their anatomical and morphological characteristics. 

Students also directly improve their ability to make detailed drawings of plants, 

from roots, stems, leaves and even their reproductive organs. For a wider range, 

students have the skills to identify and classify the types of plants observed. 

Tutorial/Mentor

ing 

This mentoring and tutorial help students develop critical thinking skills, use of 

scientific vocabulary, and scientific writing in the form of activity reports. Students 

are trained to convey arguments well using LMS facilities in hybrid learning.  

Course Topic 

Plant biodiversity & Biodiversity levels.   

Anatomy, morphology and characteristics of major taxon of the plant. 

Laboratory skills (identification, botany, microbiology). 

Scientific drawing and writing skills (laboratory report) 

Field investigation skills 

Schedule 

Period Activities 

Week 1 Pretest 

Learning material; Course introduction; Origins and patterns of global plant 

biodiversity. 

Tutorial; Evolution and biodiversity levels 

Week 2 Learning material; plant diversity at genetic, species and ecosystem levels 

Tutorial; analysis of genetic, species and ecosystem diversity problems 
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Week 3 Learning material; Biodiversity & Ecological distribution of Chryptogamae 

(Thallophyta, Bryophyta) 

Practicum; observation anatomy and morphology, microscopes and scientific 

drawing 

Week 4 Learning material; Biodiversity & Ecological distribution of Chryptogamae 

(Bryophyta, & Fungi) 

Practicum; observation anatomy and morphology, microscopes and scientific 

drawing 

Week 5 Learning material; Biodiversity & Ecological distribution of Chryptogamae 

(Pteridophyte) 

Tutorial/Mentoring; discussion, problem solving and presentation 

Week 6 Learning material; Biodiversity & Ecological Distribution of Angiosperm 

(Ranunculaceae, Caryophyllaceae dan Rosacea) 

Practicum; observation anatomy and morphology, microscopes and scientific 

drawing 

Week 7 Learning material; Biodiversity & Ecological Distribution of Angiosperm 

(Solanaceae, Acanthaceae dan Lamiaceae) 

Practicum; observation anatomy and morphology, microscopes and scientific 

drawing 

Week 8 Midterm test 

Tutorial/Mentoring; discussion, problem solving and presentation practicum report. 

Week 9 Learning material; Biodiversity & Ecological Distribution of Angiosperm 

(Orchidaceae, Liliaceae dan Poaceae) 

Practicum; observation anatomy and morphology, microscopes and scientific 

drawing. 

Week 10 Learning material; Biodiversity & Ecological Distribution of Gymnosperm. 

Tutorial/Mentoring; discussion, problem solving and presentation 

Week 11 Learning material; Biodiversity & Ecological Distribution of Gymnosperm. 

(Cycadidae, Konifer) 

Practicum; observation anatomy and morphology, microscopes and scientific 

drawing. 

Week 12 Learning material; Biodiversity & Ecological Distribution of Gymnosperm. 

(Ginkodidae, Gnetophyta) 

Practicum; observation anatomy and morphology, microscopes and scientific 

drawing. 

Week 13 Learning material; Biodiversity & Ecological Distribution of Gymnosperm. 

(Reproduction System of Gymnospermae) 

Tutorial/Mentoring; discussion, problem solving and presentation 

Week 14 Learning material; Biodiversity & Ecological Distribution of Gymnosperm. 

Tutorial/Mentoring; discussion, problem solving and presentation 

Week 15 Learning material; Refreshing all material of plant biodiversity 

Tutorial/Mentoring; reflection, discussion and presentation 

Week 16 Final exams (Posttest) 

Assessment tasks 

Delivery mode: ALL 

Task 

No 

Product Process Weighting 

(%) 

Condition 

1 Pretest Individual 0 Online 

2 Written laboratory report  Group 25 Online and 

Offline 
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submission 

3 Digital argumentation Individual 20 Online 

submission 

4 Practical/ Laboratory skills Group 25 Offline  

5 Final exam Individual 30 Online 

submission 

 

Appendix 2 

 

Simple Lesson Plan 
 

Semester: Second semester 

Subject: Bryophyta 

Topis: Moss (Bryophyta) 

Objective 

At the end of the lesson, the students will be able to 

1. After working on the worksheet, students are able to convey arguments to solve problems 

2. After working on the worksheet, students are able to prepare problem solving in stages regarding 

bryophytes using CT stages 

Syntax of PBL-DA Activity 

1. Problem orientation Students pay attention to the presentation of material about 

bryophytes. Answering several questions asked by the lecturer: 

1) How can we differentiate between the types of plants we 

encounter? 

2) Have you ever observed moss plants? 

3) Describe mosses and their role in life.  

4) Student organization                  Students are grouped according to regulations. Start                     

a discussion to provide responses to apperception questions. 

Students also group according to regulations.  

Start a discussion to provide responses to apperception 

questions. Students also open the material provided in the 

LMS, eLearning UNIPMA (eLMA). 

5) Brainstorming  In groups, students pay attention to the worksheet about 

bryophytes presented by the lecturer. Based on the problems 

presented, each group looks for relevant supporting references.  

Students work on worksheets with computational thinking 

(CT) stages for moss material. 

The abstraction stage is carried out by identifying factors that 

influence the diversity of bryophyte. 

The discussion continued by decomposing the main problem 

regarding the decline in bryophyte diversity (for general). 

6) Data collection through 

investigations  

The student group worked out a way to solve the problem 

based on the decomposition of moss plants and developed a 

problem-solving algorithm in the form of a flowchart. 

7) Sharing information and 

discussion to find a solution of 

problem 

The student group submitted a flowchart (algorithm) for 

solving the problem about current moss populations and 

environmental conditions. The evaluation stage is carried out 

with a presentation of the flowchart to get suggestions for 

improvements. 
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8) Presenting troubleshooting 

results  

The results of the evaluation stage are presented again to obtain 

strengthening of the best problem solving for issues regarding 

moss populations and environmental conditions. 

9) Analysing and evaluating 

problem solutions 

The results of the worksheet are a planned as problem-solving 

effort to overcome the low diversity of moss populations, 

environmental conditions and Bryophyta diversity. Each stage 

in CT is completed sequentially by groups of students. 

 

Assessment 

No Type of assessment Assessment form 

1 Diagnostic Trigger questions during apperception 

2 Assessment for learning 

(AfL) 

The results of worksheet work according to the CT stages 

Presentation of arguments during presentations 

Submission of digital arguments (DA) in discussion forums 

in LMS 
 

Reflection 

1. How effective was the lecture process using the PBL-DA learning model? 

2. Were the CT-based worksheets that have been prepared able to help students' understanding of 

the bryophyte material? 

3. Have all students carried out their lectures well? 

4. How did students utilize the discussion forums in the LMS? 
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Appendix 3 

Worksheet 

Worksheet - (Week 3 & 4) 

Bryophyta Biodiversity and Conservation 

Instruction: 

1. Complete the tasks in group discussion and send it to the ‘discussion forum’ on the LMS provided. 

2. Every argument presented in the discussion forum should be accompanied by supporting data as 

evidence. 

3. Follow the steps in the table to complete the task.  

4. To investigate the decline in Bryophyta biodiversity in a specific ecosystem and propose solutions 

using computational thinking (CT) skills with each step. 

 

Case study about moss  

A local forest ecosystem has experienced a significant decline in Bryophyta (moss) biodiversity over 

the past decade. Scientists have observed that moss populations, which once thrived in the area, are 

now scarce. In Indonesia, particularly in Sumatra and Borneo, deforestation for palm oil plantations 

and logging is leading to the loss of epiphytic mosses and liverworts. Moss has an important role in 

the ecosystem, such as providing habitat for microfauna which is important in the litter 

decomposition process and as a bioindicator plant because it is sensitive to air pollution, especially 

heavy metals. Several types of moss which can be indicators of air quality can be seen in the following 

image. 

 

Figure 1. a. Barbulla indica, b.Gemmabryum apiculatum(panah merah), c. Bryum coronatum, d. Calymperes 

tenerum, e. Fissidens atroviridis,f. Fissidens biformis.abcdef 

Source; Fastanti, Wulansari (2021), https://jurnalbiologi.fmipa.unila.ac.id/index.php/jbekh/article/view/194/158  

https://jurnalbiologi.fmipa.unila.ac.id/index.php/jbekh/article/view/194/158
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These Bryophytes, which grow on trees, are critical for maintaining humidity and supporting 

biodiversity in tropical rainforests.  

 Indonesia has lost over 25% of its forest cover since 2000. 

 Epiphytic Bryophyte diversity has declined by 50% in deforested areas. 

 

This decline is affecting the ecosystem's ability to retain water, support microorganisms, and stabilize 

soil.  

Your task is to investigate the causes of this decline and propose actionable solutions to restore Bryophyta 

biodiversity.  

CT Skills Task/ Activity Questions 

Abstraction 

 

Identify the key factors affecting Bryophyta 

biodiversity in the forest ecosystem.   

1. Research the environmental conditions 

required for moss growth (e.g., moisture, 

shade, soil pH).   

2. List the key factors that could contribute 

to the decline (e.g., deforestation, 

pollution, climate change).   

3. Ignore irrelevant details (e.g., specific 

moss species names unless critical).   

- What are the most critical 

factors influencing 

Bryophyta biodiversity?   

- Why is it important to focus 

on these factors when 

addressing the problem?   

 

Decomposition 

 

Break down the problem into smaller, 

manageable parts.   

1. Divide the problem into smaller 

components:   

- Environmental factors: How have 

changes in moisture, temperature, or 

soil quality affected mosses?  

- Human activities: What role do 

deforestation, pollution, or 

urbanization play?   

- Biological factors: Are there invasive 

species or diseases impacting moss 

populations?   

2. Assign each component to a group or 

individual for further investigation.   

 

- How does breaking down 

the problem help you 

understand it better?   

- Which component do you 

think is the most critical to 

address?  

 

 

Algorithmic 

Reasoning 

 

Develop a step-by-step plan to investigate 

and address the decline in Bryophyta 

biodiversity. 

1. Create an algorithm (step-by-step plan) to 

solve the problem:   

- Collect data on current moss 

populations and environmental 

conditions.   

- Analyses the data to identify the 

primary causes of decline.   

- Propose solutions (e.g., reforestation, 

reducing pollution, creating protected 

areas).   

- Why is it important to 

follow a structured plan 

when solving 

environmental problems?   

- How can you ensure your 

plan is realistic and 

actionable?   
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- Implement and monitor the solutions.   

2. Use a flowchart to visualize your plan.   

 

Evaluation 

 

Evaluate the effectiveness of potential 

solutions for the problem. 

1. Propose 2-3 solutions to restore 

Bryophyta biodiversity (e.g., creating 

moss-friendly habitats, reducing air 

pollution, educating the public).   

2. Evaluate each solution based on:   

- Feasibility (cost, resources, time)   

- Impact (how effectively it addresses 

the problem)   

- Sustainability (long-term benefits)   

3. Rank the solutions and justify your 

choice.  

  

- Which solution do you 

think is the most effective, 

and give reason 

argumentation?   

- What challenges might you 

face when implementing 

these solutions?   

 

Generalization 

 

Apply your findings to other ecosystems 

facing similar biodiversity issues. 

1. Research another ecosystem where 

Bryophyta or other non-vascular plants 

are declining.   

2. Compare the causes and solutions to 

those in the forest ecosystem.   

3. Write a generalization about conserving 

biodiversity in fragile ecosystems.   

- How can the lessons 

learned from this case be 

applied to other 

ecosystems?   

- Why is it important to 

generalize solutions for 

biodiversity conservation?   

- Use visuals (e.g., graphs, 

flowcharts, images) to 

support your arguments.  

 

 

 

 


