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ABSTRACT 

Purpose – This study addresses the 21st-century curriculum demands by integrating digital literacy and 

enhancing students' habits of mind (HOM) through meaningful learning. Based on Wiggins' 

Understanding by Design (UbD) framework, the study aims to analyze the impact of a Project-Based 

Learning (PjBL) model, assisted by digital E-LKPD, on students' HOM and conceptual understanding 

compared to traditional teaching methods. 

Methodology – A quasi-experimental pretest-posttest control group design was used. Participants 

were purposively selected and divided into experimental and control groups. The experimental group 

received PjBL with digital E-LKPD, while the control group followed conventional PBL with printed LKPD. 

Data were collected using HOM and Wiggins-based understanding tests, student activity observations, 

and response questionnaires. The Mann-Whitney U test was applied for data analysis. 

Findings – The results showed a significant difference in the improvement of HOM and Wiggins-based 

understanding in the experimental group compared to the control group. Student learning activities 

and responses in the experimental group also met the excellent criteria.  

Novelty – This research uniquely integrates PjBL with digital E-LKPD to enhance thinking habits and 

foster deep understanding, a combination that is still rarely implemented in secondary education. 

Significance – The study offers valuable insights for teachers, curriculum developers, and policymakers 

in implementing innovative 21st-century learning strategies that combine digital tools with pedagogical 

approaches, fostering critical and reflective thinking.  
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1. Introduction 

The 21st-century curriculum demands learning methods that are not only adaptive to 

technological advancements but also capable of cultivating students’ critical thinking and 

digital literacy. However, in many educational settings, particularly in Indonesia, learning 

practices remain conventional-dominated by teacher-centered instruction and rote 

memorization. This situation presents a clear problem: students’ thinking habits and 

conceptual understanding are not developing optimally, especially in science subjects like 

biology. Despite policy reforms and technological innovations, the lack of integrated learning 

models that simultaneously foster Habits of Mind (HOM), promote deep understanding, and 

utilize digital media meaningfully remains a persistent issue (Ubaidillah et al., 2022 ;Gloria et 

al., 2020; Damayanti, 2023 ;Suaidiah et al., 2024;). 

The results of the 2022 PISA survey show that the performance of Indonesian students 

is still relatively low. Science score 383 (Hariri & Kania, 2025; K. K. Putri & Khadijatuzzahra, 

2025; Susanto et al., 2024). While there have been some improvements over the years, this 

score highlights the persistent challenges in achieving meaningful progress in science 

education. The underperformance reflects a broader issue in the educational system, where 

traditional methods may not sufficiently foster critical thinking, problem-solving skills, and a 

deep understanding of scientific concepts. 

Habits of Mind refer to a set of intelligent thinking dispositions that individuals use when 

confronted with problems that require thoughtful decision-making. (Costa & Kallic, 2009). 

These include persistence, metacognition, managing impulsivity, and thinking flexibly. 

Meanwhile, Understanding by Design (UbD), developed by  Wiggins & McTighe (2008), is a 

curriculum design framework that defines understanding as a transferable process with six 

facets: explanation, interpretation, application, perspective, empathy, and self-knowledge. In 

the context of biology learning, which demands conceptual clarity, real-world relevance, and 

problem-solving, both HOM and UbD provide a foundation for designing instruction that 

fosters higher-order thinking and reflective habits. (Faridayanti et al., 2025; Nopriana et al., 

2023; Y. Putri & Nurhuda, 2023). 

Several studies have explored these individual components. Gloria (2017) and  Isfiani 

(2016), demonstrated that HOM can be developed through inquiry-based methods. Desi et al., 

(2023), showed that Project-Based Learning (PjBL) enhances critical thinking. Komalasari et al., 

(2024) highlighted the potential of E-LKPD to improve engagement, while Trissa et al., (2022) 

noted that many digital learning tools lack contextual relevance. However, existing literature 

tends to examine these elements separately, without integrating HOM, UbD, PjBL, and digital 

learning tools into a cohesive instructional design. This integration gap is crucial, as a unified 

model can offer a more holistic solution to improving biology learning outcomes in the 21st 

century. 
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This study was conducted at the Indonesian School of Kota Kinabalu (SIKK), Sabah, 

Malaysia, which serves children of Indonesian migrant workers. The school operates under 

unique circumstances, often facing limited educational resources, outdated teaching models, 

and sociocultural constraints. Preliminary observations at SIKK revealed that the highest HOM 

indicator among students was responding with wonderment and awe score of 93, while 

metacognition was the lowest score, 63. In contrast, at SMAN 1 Sumber, learning was still 

conventional, leading to passive student engagement and a weak understanding of biology 

Ayuni, et.al, (2025). These findings justify the need for an innovative learning approach that is 

both contextually responsive and pedagogically effective (Darji, 2023; Firman & Ida Bagus Putu 

Arnyana, 2023; Kania et al., 2025; Masyitoh et al., 2023; Nur & Pratiwi, 2024) . 

The objective of this study is to investigate the impact of integrating Project-Based 

Learning (PjBL), supported by digital E-LKPD, on students' development of Habits of Mind 

(HOM) and their understanding as framed by Wiggins' Understanding by Design (UbD) model 

in the context of biology education. Additionally, the study aims to explore students' 

perceptions and responses to this instructional model, providing insights into its effectiveness 

in fostering deeper cognitive engagement and conceptual understanding. By integrating PjBL, 

E-LKPD, HOM, and UbD into a single model, this study contributes a novel instructional design 

that addresses current gaps in theory and practice. It provides insights for educators, 

curriculum developers, and policymakers on how to implement 21st-century learning that is 

reflective, technology-integrated, and grounded in transferable understanding, especially 

within underserved educational contexts. 

2. Methods  

This study employed a quantitative experimental method with a pretest-posttest control group 

design. This quasi-experimental design is suitable for examining differences in learning 

outcomes between two groups in natural classroom conditions, where full randomization is 

not feasible. The pretest and posttest allow the measurement of changes before and after the 

intervention. 

The research was conducted during the second semester (even) of the 2024/2025 

academic year, specifically from January 20 to February 24, 2025, at SMA Negeri 1 Sumber, 

located on Sunan Malik Ibrahim Street, Sumber District, Cirebon Regency, West Java, 

Indonesia. The population included all 439 tenth-grade students across 12 classes. The sample 

was selected using purposive sampling, with inclusion criteria such as active enrollment in 

biology classes, regular attendance, and access to digital devices (Rustamana et al., 2024). Two 

classes were chosen: Class X-5 (control group, 37 students) and Class X-7 (experimental group, 

35 students), ensuring balanced and manageable group sizes for instructional intervention. 

Before data collection, ethical approval was obtained from the school administration, and 

informed consent was received from students and their guardians. 

The topic covered in both groups was "Environmental Changes", as per the Indonesian 

biology curriculum. The intervention spanned 5 weeks, with 2 sessions per week, and each 

session lasted 90 minutes. Experimental Group Students were taught using the Project-Based 
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Learning model integrated with digital E-LKPD. The E-LKPD was designed with interactive 

features, multimedia content, HOM-based questions, and Wiggins’ UbD alignment. Control 

Group Students received instruction using conventional PBL and printed LKPD. The same 

subject matter and duration applied, but without the integration of digital or HOM/UbD 

elements. Teachers followed a more traditional lesson structure. In both groups, the teacher 

acted as the facilitator, while the researchers supervised the implementation and collected 

relevant data.  

Table 1 - Data Collection Techniques 

Purpose Instruments Describe 
Data Collection 

Procedures 
Data analysis 

Student 

activities 

Observation 

sheet 

20 items based on 6 

indicators of active 

engagement during the 

PjBL stage, adapted from 

(Damayanti, 2023) 4-point 

rating scale. 

Data collection 

procedure by 

teachers with 

observers during 

the PjBL model 

intervention in the 

classroom 

Using Microsoft 

Excel for data 

tabulation and 

SPSS 25 for data 

analysis 

Habits of 

Mind 

Questionnair

e sheet 

32 items consisting of 16 

positive and 16 negative 

items based on 16 HOM 

indicators adapted from 

(Costa and Kallic, 2009), 4-

point rating scale for 

positive items and vice 

versa for negative items 

Procedures for 

data collection by 

the teacher at the 

beginning of the 

lesson and after 

the lesson in the 

classroom 

Using Microsoft 

Excel for data 

tabulation and 

the Mann-

Whitney U test 

from SPSS 25, 

Significance level 

set at α = 0.05. 

Understand

ing Wiggins 

concepts  

Question 

(Pretest and 

Posttest) 

30 questions based on 4 

HOM indicators adapted 

from (Wiggins & McTighe, 

2008), using a maximum 

score of 100. Before 

implementation, the 

questions were analyzed 

using the Anates 

application, yielding the 

following results: 0.8 

validity, 0.93 high reliability 

Procedures for 

data collection by 

the teacher at the 

beginning of the 

lesson with 

pretest questions 

and after the 

lesson with 

posttest questions 

in the classroom 

Using anates for 

question analysis, 

Microsoft Excel 

for data 

tabulation, and 

the Mann-

Whitney U test 

from SPSS 25, 

Significance level 

set at α = 0.05. 

Student 

Response 

Questionnair

e Sheet 

20 items consisting of PjBL 

learning responses and the 

use of E-LKPD with a 4-

point scale for positive 

items and vice versa for 

negative items (Sugiyono, 

2017). 

Procedures for 

data collection by 

teachers at the 

end of learning 

Using Microsoft 

Excel for data 

tabulation and 

SPSS 25 for data 

analysis 

This study obtained ethical clearance from the Research Ethics Committee of SMA 

Negeri 1 Sumber. 
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3. Results and Discussion  

3.1. Results 

3.1.1 Student Engagement in Biology Learning Using the E-LKPD-Assisted PjBL Model 

This figure illustrates the sequential stages of student activities involved in the implementation 

of the Project-Based Learning (PjBL) model, supported by digital E-LKPD, in biology education. 

It highlights the key phases in which students engage, from initial problem identification and 

research to collaborative project development and final presentation. The diagram emphasizes 

how each stage contributes to the development of students' critical thinking, problem-solving 

skills, and deep understanding of biological concepts. By detailing these stages, the figure 

aims to provide a comprehensive overview of the E-LKPD-assisted PjBL learning process. 

 

 

Figure 1. Stages of Student Activities in the Application of the E-LKPD-Assisted PjBL Model 

Figure 1 shows that the results of the research on student activities by applying the PjBL 

learning model assisted by E-LKPD with products from waste materials show that 1 stage of 

good criteria and 6 stages of very good criteria, which have the same high value, namely stages 

4 and 5 of 100%. The product assessment criteria include: 1) The selection of materials used, 

2) The usefulness of each material used, 3) Product innovation, and 4) Product appearance. 

The following presents the value of the results of the experimental class product in Table 2: 

Table 2 - Data Collection Techniques 

Group  Product Type Score 

1 Soap resulting from the fermentation of fruit peels 81 

2 Pencil Box made of plastic bottles and straws 75 

3 Coconut shell glass 81 

4 Mirror made of a plastic spoon 88 

5 Decoration made from shellfish waste 94 

6 Plastic pot 88 

The data in Table 2 shows that the activity of making crafts from waste management 

consists of 6 groups out of a total of 35 students. The highest score was obtained by group 5 
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with a score of 94, including a very good criterion, because the product was made from shell 

waste used as a decoration. Meanwhile, the lowest value was obtained for type 2 of product 

with a value of 75, including good criteria, because the product was made with new plastic 

bottles and straws and did not use waste. So it can be concluded that students make products 

that vary from group to group and are different. The products produced by the students are 

the result of applications in environmental pollution materials. 

3.1.2 Comparison of HOM Scores between Students Using and Not Using the E-LKPD-

Assisted PjBL Model 

The highest indicator, with a score of 92 in the experimental class, was in the 3rd indicator, 

namely empathy, and the 16th indicator, namely continuous learning, while the indicator with 

the lowest score of 76 was the 10th indicator, namely utilizing the senses in collecting and 

processing data. This improvement shows that students are able to understand the impact of 

environmental change emotionally and are encouraged to continue learning and actively 

engage in environmental issues. On the other hand, the indicator with the lowest score, the 

10th indicator (utilising the senses in collecting and processing data), only reached a score of 

76, indicating that students' direct observation skills still need to be improved. 

 

Figure 2. Average HOM Values Per Experimental Class Indicator  

Before the treatment, the experimental class displayed a range of performance levels, 

with 3 indicators (18.75%) categorized as Excellent, 8 indicators (50%) in the Good category, 

and 5 indicators (31.25%) in the Adequate category. This suggests that while students 

demonstrated a moderate level of proficiency, there was considerable room for improvement, 

especially in areas classified as Adequate. However, following the intervention, a significant 

improvement was observed, with 10 indicators (62.5%) moving to the "Very Good" category, 

and 6 indicators (37.5%) remaining in the "Good" category. Notably, there were no indicators 
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in the Adequate category after the treatment, indicating that all students progressed to at least 

a "Good" level of performance or higher. 

This shift highlights the positive impact of the treatment, which likely involved targeted 

instructional strategies aimed at addressing areas where students initially struggled. The 

increase in the number of "Very Good" indicators demonstrates that the treatment not only 

improved students' performance but also enabled them to achieve a higher level of mastery. 

The absence of indicators in the Adequate category post-treatment further underscores the 

effectiveness of the intervention in bridging learning gaps and boosting students' overall 

competence. Overall, these findings underscore the success of the treatment in fostering 

substantial academic progress and improving the consistency and quality of students' learning 

outcomes. 

 

Figure 3. Average HOM Values Per Control Class Indicator  

In the control class, the highest score was achieved in the third indicator, empathy, with 

a score of 87, indicating that students demonstrated concern for environmental issues. 

However, the lowest scores were observed in the 10th indicator, which measures the use of 

the senses in collecting and processing data, and the 13th indicator, which assesses the 

courage to take responsibility and face risks, both of which scored only 69. These low scores 

suggest that students have limitations in critical thinking skills and a reluctance to take action 

in the learning context. 

Before the intervention, no indicators were categorized as "Very Good." A total of 11 

indicators (68.75%) fell into the "Good" category, while 5 indicators (31.25%) were categorized 

as "Adequate." After the intervention, 2 indicators (12.5%) improved to the "Very Good" 

category, 11 indicators (68.75%) remained in the "Good" category, and 3 indicators (18.75%) 

were still categorized as "Fair." This improvement is further supported by the N-Gain test 

results, which revealed that the average increase in the Habits of Mind (HOM) of students in 

the experimental class was higher than that of the control class. This indicates that the 
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treatment implemented in the learning process was effective in enhancing students' Habits of 

Mind. 

  

Figure 4. Average Value of N-Gain HOM  

The N-Gain value for the experimental class was 0.41, classified as medium, while the N-

Gain value for the control class was 0.15, classified as low. Based on the data interpretation 

presented in Figure 2, it is evident that there is a significant difference in the N-Gain of the 

Habits of Mind (HOM) between the experimental and control classes, with the experimental 

class showing a higher value by 0.26%. 

3.1.3 Wiggins-Based Understanding Scores: Students Using vs. Not Using the E-LKPD-

Assisted PjBL Model 

The results of the Wiggins understanding assessment, comparing students in the experimental 

and control groups, were analysed based on the Wiggins framework, which includes the 

aspects of explanation, interpretation, application, and perspective. These aspects reflect the 

students' understanding of biological learning, as demonstrated by their responses and 

performance in each area. 

 

Figure 5. Pretest and Posttest Average Scores Per Aspect of the Experimental Class 
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As a result of the experiment class, the increase in grades occurred in all aspects. The 

aspect with the highest improvement is application, from a pretest score of 47 to a posttest 

score of 75. In the learning process, students carry out projects with the theme of waste 

management, which requires them to identify waste problems in the surrounding 

environment, formulate solutions, and present the projects they have made. Through this 

project, students are involved in discussions, information gathering, and the preparation of 

scientific explanations related to the causes and impacts of environmental problems they 

encounter. This contributes greatly to the improvement of the explanatory aspect, because 

students are required to convey explanations logically and scientifically based on the results 

of their observation and understanding. 

The increase in the interpretation aspect is still relatively low, from 40 to 49. One of the 

reasons is that students have difficulty relating the data found to a deeper meaning or the 

long-term consequences of the environmental problems observed. In project activities, 

students' focus is often directed to the implementation of tasks and the preparation of 

practical solutions, so that the process of interpreting data or reflecting on cause-and-effect 

relationships has not been explored to the maximum. 

 

Figure 6. Pretest and Posttest Average Scores Per Control Class Aspect 

The control class also showed improvements across all aspects, but the gains were not 

as substantial as those in the experimental class. The aspect with the highest increase in the 

control class was perspective, which improved from a score of 61 to 78. This indicates that, 

despite the use of printed LKPDs, students were still able to broaden their perspectives on 

environmental issues. However, the aspect with the lowest improvement was interpretation, 

which increased from 33 to 37. This suggests that students' ability to understand and interpret 

information has not developed as effectively as other skills, highlighting the need for further 

intervention in this area. 
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Figure 7. Average N-Gain Understanding of Students 

Figure 7 shows the difference in the increase in the N-Gain value of students' Wiggins 

understanding learning outcomes between the control class and the experimental class. The 

N-Gain value of the experimental class was 0.54 with the criterion of medium, while the N-

Gain value of the control class was 0.27 with the criterion of low. Based on the results of the 

data interpretation in Figure 3, it shows that there is a difference in the N-Gain value of the 

learning outcomes of Wiggins understanding students in the experimental class is higher than 

that of the control class, where the difference between the two is 0.27%. 

3.1.2 Student Response to the Implementation of E-LKPD-Assisted PjBL in Biology Learning 

Students' responses to the Application of the E-LKPD-assisted PjBL Model in Biology Learning 

were measured using a questionnaire given in class X.7 (experimental class). The questionnaire 

was prepared from 2 dimensions, namely students' responses to the PjBL learning model and 

students' responses to the use of E-LKPD.  

 

Figure 8. Students' Responses to the Implementation of the E-LKPD-assisted PjBL Model 

Figure 8 shows the results of the percentage of student responses to the implementation 
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35 students, showed that Most students responded positively. The results interpreted that no 

student response indicated a poor and very lacking criterion. Students responded very well by 

52%, 31% good, and 17% quite well, indicating that students accepted and responded very 

well to the E-LKPD Assisted PjBL model. 

3.2 Discussion 

3.2.1 Student Activities 

Observation of student activities shows excellent results, where students are actively involved 

in all stages of project-based learning (Saputra, 2022). The PjBL model provides students with 

the opportunity to create real works through creative and diverse thinking processes, as well 

as develop problem-solving skills. The teacher acts as a facilitator who directs students to think 

critically and actively in completing meaningful projects (Mu & Nwdi, 2024). 

Other research shows that the implementation of PjBL can improve students' 

collaboration skills and learning outcomes because the process demands intense interaction 

and cooperation in completing projects. (Suaidiah et al., 2024). In addition to improving critical 

thinking skills, this model also allows students to explore, gather facts, interpret information, 

and find solutions to contextual problems, such as waste treatment. (Jufri & Hasrijal, 2023). 

The success of PjBL is also greatly influenced by the role of teachers as designers and 

implementers of learning. Teachers must be able to design learning activities, choose 

appropriate models, determine evaluations, and monitor student development thoroughly 

(Saputra, 2022). With the active involvement of teachers and students, the learning process 

will run effectively and have a positive impact on learning outcomes. 

3.2.2 Habits of Mind Students 

Based on statistical tests, it is known that the value of Asymp. The sig. (2-tailed) Student HOM 

result of 0.000 is smaller than 0.05, thus it can be said that there is a significant difference in 

the increase in student HOM in biology learning in the experimental and control classes. 

The increase in HOM occurs because each syntax in PjBL provides a hands-on learning 

experience through project activities that train students' thinking skills. (Costa & Kallick, 2008). 

HOM supports the development of individual skills, self-regulation, and the ability to 

systematically formulate and test solutions (Costa & Kallic, 2009). Students who are used to 

reflective thinking tend to understand concepts more easily and overcome misconceptions in 

learning, so learning outcomes are significantly improved. 

Some studies also emphasize the importance of thinking skills in the learning process. 

Gloria et al. (2018) states that critical thinking helps individuals relate knowledge to real 

behavior. Ariyati et al., (2024) Emphasizing that improving thinking habits needs to be 

integrated into learning so that students can understand the material more easily. Haka et al., 

(2022) added that HOM helps students manage time, hone intelligence, and foster motivation 

for continuous learning. Isfiani, (2022) also emphasizing that the thinking skills instilled 

through cognitive tasks should be directed to form the student's HOM. 

Research by Zakiah & Fajriadi, (2020) shows that the Hybrid-PjBL model is effective in 

improving creative thinking skills and learning independence. Anggraini et al., (2024) also 
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found that PjBL can increase students' creativity through six main learning strategies. Moreover 

Khoirotin & Shofiyah, (2024) shows that PjBL encourages students to think logically, solve 

problems, work together, and produce real products as learning outcomes, all of which reflect 

the reinforcement of aspects in HOM. 

3.2.3 Wiggins Understanding of Students 

Based on the statistical test using the Mann-Whitney test, it is known that there is a significant 

difference in the learning outcomes of students' Wiggins understanding in biology learning in 

the experimental class and the control class. UbD is an effective teaching approach that 

encourages deep understanding, collaboration, and the achievement of common goals 

(Ostinelli, 2024; Bilgileri, 2022). The six aspects of UbD help students build conceptual 

understanding (Wiggins & McTighe, 2005), while the rubric supports quality control and 

teacher self-assessment (Güneş Savul et al., 2024). With the principles of UbD, students can 

develop curiosity, critical thinking, and long-term success (Aslam et al., 2024). 

Understanding by Design is effective in addressing social problems and increasing 

activeness and learning outcomes through a project-based approach. (Gilang et al., 2024; 

Sahid et al., 2024; Setyawan et al., 2024). UbD also encourages the development of critical 

thinking through a structured curriculum design (Zhang et al, 2024). The integration of 

formative assessments in UbD helps build students' understanding gradually and forms better 

thinking habits. (Gloria, 2023; Gloria et al., 2020). 

Understanding by Design consists of three stages: setting goals, determining 

assessments, and designing learning activities (Fujioka-Ito, 2024; Serma Adi et al., 2024). The 

design also supports the development of students' self-awareness, empathy, and ethical 

maturity, which are essential for leadership and social responsibility (Shu-yuan & Li-hui, 2024). 

Other research by From et al., (2024) The UbD strategy encourages students to have 6 

abilities, namely explaining, interpreting, applying, perspective, empathizing, and having self-

knowledge. The implications of UbD design have a significant influence on academics in higher 

education who are involved in curriculum design and the development of pedagogical 

approaches on a global scale (Dazeley et al., 2024).  

The practical implications of this research are very important, especially for teachers as 

facilitators of contextual and meaningful learning, curriculum designers who want to integrate 

the UbD model and HOM reinforcement, and education policymakers who want to encourage 

the use of local digital media such as E-LKPD. However, this study has several limitations, 

including the limited number of samples in only one school, the potential bias of teachers' 

skills, and the limitations of the instruments in measuring interpretation aspects in the 

understanding of UBD. 

The main purpose of this study is to analyze E-LKPD-based PjBL on the improvement of 

HOM and Wiggins' understanding of students. The results obtained support the hypothesis 

that this approach has a significant positive impact and shows a real contribution to the 

development of project-based contextual learning models. For further research, it is 

recommended that this learning model be applied to different schools and regional contexts 

to test external validity. In addition, it is necessary to develop more specific and in-depth UbD 
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measurement instruments. Further research can also explore the influence of moderation 

variables such as students' digital literacy or learning motivation on the effectiveness of E-

LKPD-assisted PjBL. 

4. Conclusions  

Student activities in learning using PjBL assisted by E-LKPD have very good criteria, there is a 

significant difference in HOM and Wiggins' understanding of students who take PjBL assisted 

by E-LKPD and those who do not use PjBL with E-LKPD. The students' response to the 

application of the PjBL model is included in the criteria for being very good.  
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