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Abstract: Understanding chemical bonding remains challenging for secondary school students’ due to its 

abstract nature, often leading to suboptimal learning outcomes. This study investigates the effect of 

instructional models on students’ learning outcomes by comparing Project-Based Learning (PjBL) 

and Inquiry-Based Learning (IBL) supported by animated video media. A quasi-experimental design 

with a non-equivalent control group pretest–posttest approach was employed. The sample consisted 

of Grade X students’ at SMA Negeri 11 Medan, selected through purposive sampling and divided 

into two experimental groups. Data were analyzed using Shapiro–Wilk normality test, Levene’s 

homogeneity test, and Independent Sample t-test. The results indicate a statistically significant 

difference between the groups Sig. (2-tailed) < α (0.007 < 0.05), with higher mean scores observed 

in the PjBL group. The effect size (Cohen’s d = 1.01) suggests a large and practically meaningful 

impact. These findings demonstrate that PjBL, when integrated with animated video media, is more 

effective than IBL in improving students’ understanding of chemical bonding. The study highlights 

the importance of aligning instructional models with appropriate learning media to enhance 

conceptual learning outcomes. 

Keywords:  project based learning; inquiry based learning; learning outcomes; animated videos; chemical 

bonds. 

 

INTRODUCTION 

Education is essentially a mechanism 

for transferring and internalizing 

competencies from educators to students’ 

(Priliyanti et al., 2021). In practice, the 

Indonesian educational system still faces 

numerous challenges across a range of 

fundamental issues (Lestari et al., 2023). 

These issues encompass the curriculum, 

educational quality, teacher competency, and 

leadership capabilities at various levels 

(Tintingon et al., 2023). 

The field of chemistry is frequently 

viewed as a complex subject because it 

requires students’ to understand and translate 

macroscopic phenomena into submicroscopic 

concepts such as atoms and molecules 

(Ritonga et al., 2021). Chemical bonding is a 

key component of chemistry at the senior high 

school level. However, in practice, most 

students’ struggle to understand the concepts 
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of chemical bonding (Togatorop & Kumajas, 

2023). The high difficulty of chemical 

bonding stems from the fact that it demands a 

strong understanding at the submicroscopic 

level (Ramdhani et al., 2020).  

Based on observational data and 

interviews with chemistry teachers at Medan 

State Senior High School 11, it was 

discovered that tenth-grade students’ still 

experience various cognitive challenges in 

mastering concepts, particularly regarding 

chemical bonds. These challenges have 

implications for student conceptual 

understanding and poor learning outcomes. 

This is evident in the average grades, which 

remain below the Learning Objective 

Achievement Criteria (KKTP = 80), with 65% 

of students’ scoring below 50. 

Student learning success is also 

influenced by the implementation of engaging 

learning models (Artawan et al., 2020). One 

model deemed capable of meeting these 

criteria is Project-Based Learning (PjBL) 

(Muliaman, 2021). The effectiveness of the 

PjBL model is supported by several studies 

that found that the implementation of PjBL 

has a significant impact on improving student 

learning outcomes (Ismuwardani et al., 2019). 

Beyond the Project-Based Learning 

(PjBL) framework, the inquiry-based learning 

(IBL) model serves as a viable instructional 

alternative (Panggabean et al., 2024). 

Previous researchers have shown that the 

application of Inquiry-Based Learning (IBL) 

can stimulate chemistry learning activities and 

outcomes in chemical equilibrium 

(Sukmawati, 2020). The IBL model provides 

students’ with opportunities to learn 

according to their individual learning styles 

(Namira & Kweldju, 2022). 

In the context of interactive learning, 

animated videos play a strategic role in 

increasing student interest and understanding 

(Oktiani, 2017). From a cognitive perspective, 

the application of animated videos has the 

potential to enhance student academic 

achievement (Susanti et al., 2023). 

In light of the background described 

above, this study is designed to examine the 

differing levels of efficacy between the 

Project Based Learning (PjBL) and Inquiry 

Based Learning (IBL) models supported by 

animated video media on students’ chemistry 

learning outcomes in the chemical bonding 

material, and to identify learning models that 

provide a more optimal influence on 

improving student learning outcomes. Based 

on the research objectives, the hypotheses of 

this study are formulated as follows: 

H0 : There is no significant difference in 

students’ learning outcomes between those 

taught using the PjBL model and those taught 

using the IBL model assisted by animated 

video media on chemical bonding material. 

Ha : There is a significant difference in 

students’ learning outcomes between those 

taught using the PjBL model and those taught 

using the IBL model assisted by animated 

video media on chemical bonding material. 

LITERATURE REVIEW  

A. Project Based Learning (PjBL) Model 

The Project-Based Learning (PjBL) 

model is a student-centered learning approach 

designed to provide a more meaningful 

learning experience through the process of 

creating a product or work (Johana et al., 

2023). In PjBL, students’ are given 

challenging and quite complex projects, yet 

realistic and comprehensive (Ibrahim & 

Sutiani, 2025). PjBL does not emphasize 

memorizing theories or formulas, but rather 

students’ are expected to be more analytical 

and critical when evaluating information to 

solve problems through projects so that this 

learning model has a positive effect on student 

learning outcomes (Perangin Angin & 

Juwitaningsih, 2023). 
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The syntax of the PjBL model is as 

follows: 1) Fundamental questions; 2) 

Designing steps; 3) Developing a project 

implementation schedule; 4) Project 

completion; 5) Report preparation and 

presentation/publication of project results; 6) 

Assessment of the project's execution and its 

subsequent outcomes (Nirmayani et al., 

2021). Based on this syntax, educators direct 

students’ to carry out learning according to the 

predetermined syntax. 

The PjBL model has several benefits, 

including: 

1) Helping students’ develop their 

understanding of the issues they face in 

life; 

2) Facilitating students’ with empirical 

experiences to foster critical thinking skills 

and hone applicable competencies relevant 

to everyday life; 

3) Aligning the learning process with modern 

pedagogical principles through the holistic 

development of student competencies, 

across theoretical, practical, and 

implementation domains. 

In addition to its benefits, this model 

also has several drawbacks, namely: 

1) High student activity can create a less 

conducive classroom atmosphere, 

requiring a few minutes for students’ to 

engage in active discussion. After a 

discussion deemed sufficient, the data 

analysis stage can be carried out more 

comprehensively; 

2) Although the time allocation for students’ 

has been determined, the learning 

dynamics in the classroom are sometimes 

not fully optimal. As a solution, teachers 

can allocate proportional additional time to 

each group on a rotating basis (Anggraini 

& Wulandari, 2020). 

B. Inquiry Based Learning (IBL) Model 

Inquiry learning, or etymologically 

known as the heuristic method from the greek 

heuriskein (I find), requires an open, 

democratic learning environment conducive 

to student discussion. This model emphasizes 

data-based hypothesis testing, with the 

reliability of facts being the primary 

foundation of the evaluation process (Hulu et 

al., 2023). Its primary focus is optimizing 

student participation, methodologically 

guiding the learning process to achieve 

instructional objectives, and building student 

confidence in their independent findings 

(Mauk et al., 2022). 

The stages in implementing inquiry 

learning are as follows: 1) Orientation; 2) 

Problem Formulation; 3) Hypothesis 

Formulation; 4) Data Collection; 5) 

Hypothesis Testing; 6) Conclusion 

Formulation  (Prasetiyo & Rosy, 2020). 

Inquiry aims to sharpen students’ critical 

thinking and provide them with greater 

opportunities to improve their learning 

outcomes by guiding them to find solutions to 

the problems they have studied. 

Some of the advantages of the inquiry 

learning model:  

1) Stimulates student’s readiness to learn 

2) Facilitates student’s independent 

construction of knowledge 

3) Accelerates student’s motivation and 

enthusiasm for learning, thus encouraging 

them to be more actively and diligently 

involved in the learning process. 

4) Provides opportunities for growth and 

development 

5) Increases and enhances self-confidence 

through the process of discovery (Hanafiah 

& Suhana, 2012:78).  

Despite the advantages of the inquiry-

based learning model, this approach has 

several disadvantages, including:  

1) Many teachers face challenges when 

planning lessons due to students’ diverse 

learning experiences. 

2) Requires more time than conventional 
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teaching methods. 

3) The inquiry model is less flexible for 

application to large classes with a large 

number of students. 

If the parameters of instructional 

success are solely focused on conceptual 

mastery of the material, this model tends to be 

difficult for educators to accommodate within 

existing classroom dynamics(Lovisia, 2018). 

C. Learning Outcomes 

Learning outcomes are a conception of 

a student's development or progress during 

learning, starting from entering the world of 

education until the end of the world of 

education they are undergoing (Susanty, 

2022). Because learning itself is a process in 

which a person tries to achieve relatively 

permanent changes in manner (Silitonga et al., 

2022). In this context, learning represents a 

student's transition toward new behavioral 

patterns triggered by specific stimuli. 

Consequently, the hallmark of having learned 

is the ability to display a clear change in one's 

actions and responses (Susanti et al., 2022). 

In the learning process, students’ 

learning outcomes are shaped by a variety of 

determinants, which can be broadly 

categorized into internal and external factors 

as follows: 

a. Internal factors arise from within the 

individual, including psychological and 

physical factors. 

b. External factors arise from outside the 

individual, including school, community 

environment and family factors 

(Panggabean et al., 2023). 

D. Animated Video Learning Media  

Animated media is defined as 

multimedia that synergizes text, graphic, and 

audio elements into moving visualizations to 

create attractive and effective learning 

(Sya’bania et al., 2020). Animated videos 

are a crucial tool for educators in visualizing 

abstract concepts into more concrete and 

easily digestible representations for 

students’ (Kotimah, 2024). Rapid 

developments in the fields of computer 

technology, smartphones and video editing 

software have made it possible for everyone 

to produce learning videos independently 

and with tools that are practical to use 

(Tambunan et al., 2024). 

The execution of animated video-

based chemistry learning media can be 

optimized through live broadcasts using 

LCD projectors in the classroom or through 

the use of the YouTube platform (S. W. Putri 

et al., 2022).  

METHODS  

This research was conducted at SMA 

Negeri 11 Medan. It used a quantitative 

approach with a quasi-experimental approach. 

The design used was a non-equivalent control 

group pretest-posttest design, involving two 

experimental groups without full subject 

randomization. A pretest and posttest were 

administered before and after the intervention 

to evaluate variations in academic 

achievement arising from the application of 

distinct pedagogical models. The target 

population included all Grade X students’ 

from the 2025/2026 academic year. A 

purposive sampling technique was used to 

select two classes with an equal distribution of 

36 students’ each. One class was assigned the 

Project-Based Learning model, while the 

other was instructed using the Inquiry-Based 

Learning approach.  

The research utilized a specially 

developed multiple-choice assessment to 

evaluate student learning outcomes based on 

competency achievement indicators in 

chemical bonding. The test consisted of 20 

questions covering students’ cognitive 

aspects. Prior to use, the instrument 
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underwent validity and reliability testing. 

Validity testing was conducted to determine 

the appropriateness of the items, while 

reliability testing ensured the instrument's 

consistency in measuring learning outcomes. 

Additionally, an analysis of item difficulty 

and discrimination indices was performed to 

guarantee the integrity and caliber of the 

research instrument. 

RESULT AND DISCUSSION 

RESULT 

Following the research design and 

data analysis procedures described 

previously, this section presents the findings 

of the study, including descriptive statistics, 

assumption testing (normality and 

homogeneity), and hypothesis testing. 

The research began with the 

distribution of a pretest to both experimental 

groups before the learning activities began 

and a posttest at the end of the lesson to assess 

the comparative achievement levels within the 

two classes. The descriptive statistics for 

student learning outcomes across both 

experimental groups, derived from pre-test 

and post-test data, are detailed in the 

following Table 1. 

Table 1. Learning Outcome Data for 

Experimental Classes I and II 

Data N Mini-

mum 

Maxi-

mum 

Mean 

Pretest 

Experi-

ment I 

36 40 70 54.72 

Pretest 

Experi-

ment II 

36 35 60 47.50 

Posttest 

Experi-

ment I 

36 75 100 88.06 

Posttest 

Experi-

ment II 

36 70 95 83.75 

Based on Table 1, the average pretest 

score of Experimental Class I (PjBL) was 

54.72, while Experimental Class II (IBL) 

obtained a lower mean score of 47.50. This 

indicates that the initial ability of students’ in 

both groups was relatively comparable, 

although the PjBL group showed slightly 

higher initial performance. 

After the treatment, the posttest results 

show a notable improvement in both groups. 

The mean score of the PjBL group increased 

to 88.06, whereas the IBL group reached 

83.75. This finding suggests that both learning 

models contributed to improving students’ 

learning outcomes; however, the increase in 

the PjBL group was higher compared to the 

IBL group. 

Before conducting hypothesis testing, 

a normality test was performed to ensure that 

the data were normally distributed. The 

Shapiro–Wilk test was used due to the sample 

size being less than 50. A significance level of 

α = 0.05 was applied to this test, where the 

requirement for a normal distribution is a 

(Sig.) value > α. The specific outcomes of the 

normality analysis can be found in Table 2. 

below. 

Table 2. Results of Shapiro–Wilk Normality 

Test for Pretest and Posttest Scores 

Data α Sig. Information 

Pretest 

Experiment I 
0.05 0.128 

Normal 

Distribution 

Posttest 

Experiment I 
0.05 0.056 

Normal 

Distribution 

Pretest 

Experiment II 
0.05 0.061 

Normal 

Distribution 

Posttest 

Experiment II 
0.05 0.051 

Normal 

Distribution 

The normality analysis reveals that the 

learning outcome data for both pre-test and 

post-test in both experimental classes are 
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normally distributed, with all (Sig.) values > α 

(0.05). 

Then, the analysis of homogeneity of 

variance was implemented through the 

Levene test assisted at a significance level of 

0.05. According to the established decision-

making rules, a significance (Sig.) value is > 

0.05, then the data from both sample groups 

are concluded to originate from a population 

with homogeneous variance. The 

homogeneity test results data can be seen in 

Table 3. below. 

Table 3. Results of Levene’s Test for 

Homogeneity of Variance 

Data Sig. 𝜶 Information 

Pretest 

Experiment I 
0,560 0,05 

Homogeneous 

Data Pretest 

Experiment II 

Posttest 

Experiment I 
0,882 0,05 

Homogeneous 

Data Posttest 

Experiment II 

 Based on the results of the 

homogeneity test analysis, it was found that 

the pretest and posttest data on learning 

outcomes in both experimental classes came 

from a homogeneous population (Sig. > 0.05). 

 Once the criteria for normality and 

homogeneity were satisfied, the Independent 

Sample t-test was employed for hypothesis 

testing at a significance level of α = 0.05 with 

the testing criteria if the Sig. (2-tailed) value < 

α, then H0 is rejected meaning Ha is accepted. 

The results of the hypothesis test can be seen 

in Table 4. below. 

Table 4. Hypothesis Test Results 

 

Based on the results of the second 

hypothesis test, the Sig. (2-tailed) < α (0.007 

< 0.05) which means that H0 is rejected and Ha 

is accepted. These findings demonstrate a 

significant disparity in chemistry learning 

outcomes between students’ instructed 

through Project-Based Learning and those 

through Inquiry-Based Learning, both 

integrated with animated video media for 

chemical bonding topics.  

However, statistical significance alone 

does not indicate the magnitude of the 

difference. Therefore, effect size analysis was 

conducted using Cohen’s d. The calculation 

resulted in an effect size value of 1.01, which 

falls into the category of a large effect. This 

finding indicates that the difference between 

the two groups is not only statistically 

significant but also practically meaningful. In 

other words, the Project-Based Learning 

model has a strong positive impact on 

improving students’ learning outcomes 

compared to the Inquiry-Based Learning 

model. 

DISCUSSION 

Based on the issues related to this 

research, the theories supporting the research, 

and the methods used, this chapter will 

explain the research results. In this study, the 

learning model used in the two experimental 

classes differed, but both were supported by 

animated video media. In experimental class 

I, learning was implemented using the Project 

Based Learning model by providing a project 

in the form of making posters about chemical 

bonding material. Meanwhile, in experimental 

class II, which used the Inquiry-Based 

Learning model, students’ were given 

worksheets containing questions and 

problems related to chemical bonding. These 

worksheets were designed to encourage 
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students’ to investigate the concepts being 

learned. 

A pretest was administered to both 

experimental classes as an initial step to 

determine students’ initial abilities. The 

pretest results obtained in experimental class I 

(PjBL) were 54.72, while the pretest results 

for experimental class II (IBL) were 47.50. 

Subsequently, each class was given a different 

treatment according to the learning model 

implemented, following the syntax of each 

model and supported by the use of animated 

video media. The learning process was carried 

out over three sessions, each lasting three 

lesson hours (135 minutes). Each class was 

formed into 6 groups and then students’ were 

given worksheets that had been validated by 

the validator to carry out the practice that had 

been prepared by the researcher.  

Once the learning sessions concluded, 

a posttest was utilized as a tool to assess the 

resulting learning outcomes from the 

implemented model. Based on the results 

obtained, the posttest learning outcome data 

were processed and the average score 

obtained in experimental class I was 88.06, 

while in experimental class II it was 83.75. 

The results showed that the PjBL model 

produced a higher average learning outcome 

score compared to IBL (Prihatin et al., 2024). 

This difference is not only statistical but also 

indicates a difference in the effectiveness of 

the learning process applied to the two groups. 

After obtaining the posttest data, 

prerequisite tests were conducted to ensure 

that the data met the assumptions required for 

parametric analysis. These prerequisite tests 

included normality and homogeneity testing. 

Normality testing was carried out using the 

Shapiro–Wilk test. The results showed that 

the significance (Sig.) value for Experimental 

Class I was 0.128, while Experimental Class 

II obtained a value of 0.056. Given that both 

values exceed the 0.05 threshold, it is 

concluded that the posttest data for both 

groups follow a normal distribution. 

Therefore, the assumption of normality has 

been satisfied. 

Furthermore, a homogeneity test was 

conducted using Levene’s test to examine the 

equality of variances between the two groups. 

The result indicated a significance (Sig.) value 

of 0.312, which is higher than 0.05. This 

finding confirms that the variances of the two 

groups are homogeneous, meaning that the 

homogeneity assumption has also been 

fulfilled. 

After meeting both assumptions, 

hypothesis testing was performed using an 

Independent Sample t-test. The results 

revealed a significance value (Sig. 2-tailed) of 

0.007 (p < 0.05), indicating that there is a 

statistically significant difference in students’ 

learning outcomes between those taught using 

the Project-Based Learning (PjBL) model and 

those taught using the Inquiry-Based Learning 

(IBL) model. 

These findings suggest that the 

learning models implemented have different 

effects on students’ learning outcomes. More 

specifically, the results indicate that the 

Project-Based Learning (PjBL) model is more 

effective in improving students’ learning 

outcomes compared to the Inquiry-Based 

Learning (IBL) model, particularly in the 

context of chemical bonding material. 

The evidence obtained corroborates 

earlier literature regarding the comparative 

effectiveness of PjBL and Inquiry-Based 

models. The data indicates that PjBL yields 

higher improvements in student outcomes, 

supported by a calculated t-value (9.67) that is 

significantly greater than the critical t-table 

value (1.667) (Johana et al., 2023). 
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Several previous studies have 

confirmed that the Project-Based Learning 

(PjBL) model provides opportunities for 

students’ to work collaboratively in groups 

(Mona et al., 2023). Through collaborative 

activities, students’ can exchange ideas, 

provide feedback, and learn from diverse 

perspectives. This process not only 

contributes to improving social skills but also 

deepens student’s understanding because they 

are required to express ideas and consider 

others perspectives (Putri et al., 2025). In 

addition, the implementation of Project-Based 

Learning enhances student engagement 

throughout the instructional period, which 

subsequently leads to superior academic 

performance (Setiawati et al., 2024). This is 

because the PjBL model is a learning model 

that focuses on the fundamental concepts and 

principles of a scientific discipline, engages 

students’ in problem solving and other 

meaningful tasks, provides them with the 

opportunity to work independently to build 

their own learning, and produces student-

produced work (Fahadah et al., 2021). This is 

in line with the constructivist approach which 

emphasizes that knowledge is actively 

constructed by students’ through learning 

experiences (Abri et al., 2024). In this context, 

the use of animated video media plays a 

supporting role in helping to visualize 

microscopic concepts, thereby reducing 

cognitive load and improving students’ 

understanding of concepts (Dheadema et al., 

2023). 

On the other hand, although the 

Inquiry-Based Learning (IBL) model also 

showed improved learning outcomes, its 

effectiveness was relatively lower than that of 

PjBL. This may be due to the cognitive 

demands of the inquiry model, which requires 

students’ to independently formulate 

problems, formulate hypotheses, and conduct 

investigations, thus requiring a higher level of 

learning readiness. Research on the 

implementation of the Inquiry-Based 

Learning model also shows that it is effective 

in stimulating the development of critical 

reasoning and conceptual understanding in 

students’ when implemented optimally (Sari 

et al., 2026). However, the effectiveness of 

this model is also greatly influenced by 

learning conditions such as student readiness, 

learning time, and student concentration 

levels during the learning process 

(Hidayatullah & Widhyastuti, 2025). 

Differences in the time of 

implementation of learning are also thought to 

influence the results obtained (Andriansah & 

Irianto, 2024). Classes implementing the IBL 

model are held during the day, while PjBL 

classes are held in the morning. This situation 

has the potential to impact students’ 

concentration levels and readiness to learn, as 

afternoon lessons tend to be accompanied by 

greater physical fatigue, which can impact the 

learning process less than optimally 

(Heemskerk et al., 2022). 

However, these results also show that 

the effectiveness of a learning model is not 

only determined by the characteristics of the 

model itself, but is also influenced by external 

factors such as learning conditions, 

implementation time, and student readiness 

(Amalia et al., 2022). Besides that, it also 

examines how animated video media is 

integrated into the learning process. In the 

PjBL model, the use of animated video tends 

to be more optimal because it supports 

contextual and collaborative project activities. 

Conversely, in the IBL model, although 

animated video aids in presenting concepts, its 

utilization is less optimal because the learning 

process emphasizes students’ independent 

exploration. 
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From this description, it is clear that 

the learning model significantly influences 

student learning outcomes. Learning models 

that connect learning material to everyday 

life, such as undertaking a project, can foster 

student enthusiasm for learning. This is why 

student learning outcomes in PjBL classes 

are higher than in inquiry classes. 

CONCLUSION 

There is a difference in the learning 

outcomes of students’ who are taught using 

the Project Based Learning model and Inquiry 

Based Learning assisted by animated videos 

on chemical bonding material. This can be 

seen from the average learning outcomes of 

students’ taught with the Project Based 

Learning model of 88,06 which is higher than 

the Inquiry Based Learning model of 83,75 

and the results of the t-test which shows a Sig. 

(2-tailed) < α (0.007 < 0.05) which means that 

H0 is rejected and Ha is accepted. These 

findings not only demonstrate statistical 

differences but also confirm that learning 

effectiveness is influenced by the integration 

between the learning model and the media 

used. In this case, animated video media acts 

as a tool to help visualize abstract concepts, 

and its utilization is more optimal when 

integrated into structured learning stages such 

as in the PjBL model.  
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