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 This study investigates the difference in Thermodynamics learning outcomes between students 
taught using a Project-Based Learning (PBL) model integrated with deep learning and those taught 
using the PBL model alone.. The research employed an experimental method with a quasi-
experimental design, utilizing a Nonequivalent Pretest-Posttest Control Group Design. The study was 
conducted in the Physics Department of Manado State University for Physics Education and 
Physics programs during the Odd Semester of the 2025/2026 Academic Year. The research 
population included all active students from these programs, with a random sample of 40 students 
divided into an experimental class and a control class, each consisting of 20 students. Data were 
collected through essay-type tests, administered as pretests and posttests, and subsequently analyzed 
statistically using descriptive and inferential techniques with Python programming. The findings 
indicate that the experimental class, which implemented deep learning integrated with the Project 
Based Learning model, achieved a higher average Thermodynamics learning outcome (80.28) 
compared to the control class (72.35), demonstrating better data consistency (standard deviation of 
7.93 versus 9.71). Shapiro-Wilk normality tests for both classes confirmed a normal distribution of 
data (p-value for experimental class is 0.3147 while control class is 0.0638), and Levene's 
homogeneity test confirmed homogeneous variances (p-value 0.2529). Furthermore, the 
independent sample t-test results showed a t-statistic of 2.8289 and a p-value of 0.0074, which is 
less than 0.05. This leads to the conclusion that there is a statistically significant difference in 
Thermodynamics learning outcomes between the experimental and control classes. These findings 
suggest that the integration of deep learning with the Project Based Learning model is effective in 
enhancing Thermodynamics learning outcomes. 

 

1. Introduction 
Creating a learning environment that optimizes student learning outcomes is the responsibility of every 
educator. One key factor in determining learning achievement is the educator's ability to design and implement 
learning materials and arrange learning activities. Various learning strategies have been employed to improve 
student learning outcomes. A learning strategy serves as a pattern in the learning process, providing general 
guidance for educators and students to create effective and efficient learning situations that impact learning 
interactions, leading to behavioral changes [1]. As an educator, improving the quality of students requires 
appropriate strategies and high innovation, especially in managing effective and efficient learning processes. 
Therefore, the approach taken is to implement a learning strategy that aligns with the characteristics of the 
material and the students. 

Deep Learning represents a new innovation in contemporary learning paradigms, founded on three 
principles: Consciousness, Meaningfulness, and Enjoyment. The principle of consciousness refers to students' 
deep understanding of the material, involving reflection and personal connection with the concepts being 
learned. Meanwhile, the principle of meaningfulness emphasizes the relevance of the material to real life and 
students' experiences, encouraging the application of knowledge in a broader context. Furthermore, the 
principle of enjoyment focuses on creating a positive and engaging learning environment, motivating students 
to actively participate and enjoy the learning process. Through this approach, Deep Learning strives to foster 
holistic and sustainable understanding, extending far beyond rote memorization. The implementation of this 
deep learning model aligns with the goals of increasing student motivation, active engagement, critical thinking 
skills, communication, and collaboration abilities. Studies show that this approach is effective in enhancing 
student engagement, strengthening understanding, and developing critical thinking skills holistically [2]. This is 
because varied learning strategies, including the use of interactive methods and relevant activities, have been 
proven to increase student motivation and understanding of the concepts taught [3], [4]. 

The Project Based Learning (PjBL) model is highly beneficial in constructing student competencies to 
acquire broad and deep insights, as well as a comprehensive understanding of concepts and principles in various 
subjects, including physics, and their application in daily life. This model not only focuses on improving 
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academic learning outcomes but also on developing various other important competencies such as critical 
thinking, problem-solving, creativity, independence, and interpersonal skills through real-world projects [5]. 
PjBL is effective in encouraging active student engagement in the learning process and connecting learned 
concepts with real-life contexts, thereby enhancing a deep understanding of the material [6]. PjBL also 
encourages students to design and create innovative projects to solve everyday problems and emphasizes 
contextual learning that is relevant to their experiences [7]. This model empowers students to actively participate 
in designing, implementing, and evaluating projects that have real-world applications, which in turn fosters their 
critical and creative thinking [8]. 

Thermodynamics, as a fundamental branch of physics, holds crucial relevance across various engineering 
and scientific disciplines, studying the relationship between heat and other forms of energy as well as their 
impact on physical systems. A thorough understanding of physics concepts, such as those in thermodynamics, 
is essential for students to analyze complex phenomena and develop innovative solutions [9]. However, the 
intricate nature of scientific concepts often presents a challenge in the learning process, thus necessitating 
innovative and integrated pedagogical strategies to significantly improve student comprehension [10], [11]. 
Therefore, the integration of Deep Learning with Project Based Learning is expected to be an effective solution 
to address these challenges, considering that PjBL can increase student interest, motivation, and creativity [12], 
[13], [14].  

2. Method 
The research was conducted at the Department of Physics, Manado State University, in the odd semester of 
2025-2026. The method used was experimental research. The research population consisted of all students in 
the Physics Department, comprising students from the physics education and physics study programmes, while 
the research sample consisted of 40 students from the Physics Department, divided into two groups using the 
random sampling technique, namely 20 students in the experimental group (students taught using deep learning 
with the project-based learning model) and 20 students in the control group (students taught using the project-based 
learning model without deep learning). The research design applied a quasi-experimental design, namely the 
nonequivalent pretest posttest control group design. The treatment in the study was carried out over three weeks with 
two face-to-face meetings, each lasting 50 minutes for each class. The treatment used the PjBL model in each 
class through six phases, namely (1) Project Determination, (2) Designing the steps to complete the project, (3) 
Preparing a project implementation schedule, (4) Completing the project with facilitation and monitoring, (5) 
Presenting the results of the activities and presenting/publishing the project results, and (6) Evaluating the 
process and results of the project (adapted from Keser and Karagoca, 2010) [15]. The project was carried out 
using PhET simulations. Students observed the PhET simulations and followed the steps provided, explained 
the physical principles and concepts in the simulations, and wrote scientific reports based on their observations. 
The data in this study were obtained through a descriptive test consisting of five questions. The test was 
administered through a pretest to measure the students' initial abilities, followed by the learning treatment, and 
ended with a posttest to evaluate the improvement in learning outcomes after the intervention. Statistical data 
analysis was performed using two methods, namely descriptive statistical techniques (mean, median, mode, 
standard deviation) and inferential techniques (data normality test, homogeneity test, and t-test) using Python 
programming.  

3. Results and Discussion 
This research was motivated by the imperative to optimize learning outcomes, particularly in complex subjects 
like Thermodynamics, through innovative and effective instructional strategies, focusing on the principles of 
deep learning and the benefits of Project Based Learning in fostering comprehensive competence and 
understanding. 
3.1. Descriptive Statistical Analysis 
Table 1. Descriptive Statistical Analysis 

Class Mean Median Mode Variance 
Standart 
Deviation 

Coefficien of 
Variance (%) Min Max Range 

Experiment Class 80.28 80.95 81.3 62.85 7.93 9.88 60.0 91.3 31.3 
Control Class 72.35 73.10 73.1 94.31 9.71 13.42 55.0 84.4 29.4 

a. Analysis of Measures of Central Tendency 
Table 1 presents the measures of central tendency: Mean, Median, and Mode. The Mean serves as a 
primary indicator of group performance. The experimental class demonstrated an average score of 80.28, 
whereas the control class had an average of 72.35. This difference suggests that, generally, students 
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instructed with deep learning and the Project Based Learning model achieved higher learning outcomes 
compared to those who only used the Project Based Learning model. 

The Median represents the middle value in an ordered dataset, dividing the data into two equal halves. 
The median for the experimental class was 80.95, and for the control class, it was 73.10. These figures 
provide insight into the midpoint of the score distribution, affirming that the majority of scores in the 
experimental class tended to be higher. Meanwhile, the Mode is the most frequently occurring value. The 
experimental class had a mode of 81.3, and the control class had 73.1. These modes indicate the most 
common learning outcomes achieved by students in each group, again highlighting the tendency for 
higher scores in the experimental class. 

a. Analysis of Measures of Data Dispersion 
Measures of data dispersion provide information on the variability or consistency of values within a group. 
Variance and Standard Deviation are two critical measures for this purpose. The variance for the 
experimental class was 62.85, significantly lower than the control class's variance of 94.31. Variance 
quantifies how far each data point is from the mean, squared. Standard deviation, the square root of the 
variance, provides a measure of dispersion in the same units as the original data. The experimental class 
showed a standard deviation of 7.93, while the control class had 9.71. These figures indicate that the 
learning outcome data in the experimental class were more concentrated around their mean, implying that 
student scores were more homogeneous or consistent, compared to the control class, which exhibited a 
wider spread of scores. 

The Coefficient of Variation is a relative measure of dispersion, expressed as a percentage, which 
compares the standard deviation to the mean. The experimental class has a coefficient of variation of 
9.88%, while the control class has 13.42%. 

b. Analysis of Extreme Values and Data Range 
Table 1 also includes the minimum, maximum, and range values. The Minimum score for the experimental 
class was 60.0, and for the control class, it was 55.0, indicating the lowest scores achieved in each group. 
The Maximum score for the experimental class was 91.3, and for the control class, it was 84.4, representing 
the highest scores achieved. Finally, the Range is the difference between the maximum and minimum 
values. The experimental class had a range of 31.3, and the control class had 29.4. Although the ranges are 
similar, the higher minimum and maximum values in the experimental class suggest that this group not 
only has a better average but also achieves higher scores overall 

3.2. Inferential Statistical Analysis 
a. Data Normality Test 

Table 2. Results of Data Normality Test 
Class Test Method Statistic p-value Results 

Experiment Class Shapiro–Wilk 
Test 

0.9463 0.3147 The data is normally distributed (p-value > 0.05) 
Control Class 0.9100 0.0638 The data is normally distributed (p-value > 0.05) 

Table 2 presents the results of the statistical test for normality of the learning outcome data from both 
the experimental and control classes. The Shapiro-Wilk Test was employed, a method widely 
recommended, especially for small to medium sample sizes, due to its power in detecting deviations from 
normality [16]. The null hypothesis of the Shapiro-Wilk test is that the data are drawn from a normally 
distributed population [17]. For the null hypothesis to be rejected, the p-value must be smaller than the 
predetermined significance level, commonly 0.05 [18]. 

For the experimental class, the Shapiro-Wilk statistic was 0.9463 with a p-value of 0.3147. As the p-
value is greater than 0.05, the null hypothesis is not rejected, leading to the conclusion that the learning 
outcome data for the experimental class are normally distributed. Similarly, for the control class, the 
Shapiro-Wilk statistic was 0.9100 with a p-value of 0.0638. This p-value is also greater than 0.05, resulting 
in the non-rejection of the null hypothesis. Therefore, the learning outcome data for the control class are 
also concluded to be normally distributed [18]. 

Overall, the results presented in Table 2 statistically confirm that the learning outcome data from both 
research groups meet the assumption of normality. This conclusion is crucial as it provides a strong 
foundation for applying subsequent parametric inferential statistical analyses, such as the t-test, for 
comparing the mean learning outcomes between the experimental and control classes [19]. Visually, the 
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normality test results can be seen in Figure 1 (as mentioned in the original document, though the image 
itself is not provided here). 
 
b. Homogeneity Test 
Table 3. Results of Data Homogeneity Test 

Test Method Statistic p-value Decision Criteria Results 

Levene Test 1.3479 0.2529 
If p > 0.05 

variance is homogeneous 
The variance of both classes is 

homogeneous (p > 0.05) 

The Levene's test results show a p-value of 0.2529, which is greater than the significance threshold of 0.05. 
This indicates that the variances between the two groups are homogeneous [20][21]. This condition of 
variance homogeneity fulfils one of the crucial assumptions for advanced parametric inferential statistical 
analyses, such as the independent samples t-test, thereby enhancing the validity of comparisons between 
the two groups [13]. 

c. T-Test 
Table 4. Results of T-Test 

Test Method 
calculated 
t-statistic 

t-table   
(α = 0.05) 

p-value Decision Criteria Results 

Independent 
Sample t-test 

2.8289 2.000 0.0074 
If t calculated > t table 
or p-value < 0.05, then 

it is significant. 

There was a significant 
difference between the 
Experimental Class and 

the Control Class (p-value 
< 0.05). 

Based on Table 4, the resulting p-value is 0.0074. Because this p-value is less than 0.05, and the calculated 
t-statistic (2.8289) is greater than the critical t-table (2.000), according to the decision criterion, it is 
concluded that there is a statistically significant difference between the Experimental Class and the Control 
Class [22], [23]. This finding indicates that the implementation of deep learning integrated with the Project 
Based Learning model in the experimental class significantly resulted in higher average Thermodynamics 
learning outcomes compared to the control class, which exclusively used the Project Based Learning model 
without deep learning. This provides indicates for the effectiveness of a learning approach that 
incorporates deep learning in improving academic achievement [24], [25], [26]. 

4. Conclusion 
This study concludes that the integration of deep learning with the Project Based Learning model significantly 
enhances Thermodynamics learning outcomes. This is evidenced by higher academic achievements and better 
performance consistency in the experimental group compared to the control group. These findings are 
supported by both descriptive analysis and inferential statistical tests, which reveal a significant difference 
between the two groups. For future research, it is recommended to broaden the scope of the study to more 
diverse populations and other fields or topics, further analyze the contribution of each deep learning principle, 
and investigate the long-term impact while comparing it with other innovative learning strategies. 
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