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 This study aims to analyze the effect of Phenomenon-Based Experiential Learning 
integrated with Formative Assessment on improving students’ scientific literacy in the 
topic of static fluids. The research employed a quasi-experimental method with a control 
group Pre-test–Post-test design, involving 71 eleventh-grade students from one of the 
Islamic Senior High Schools (MAN) in Padangsidimpuan, Indonesia. The experimental 
class received instruction using the Phenomenon-Based Experiential Learning model 
accompanied by Formative Assessment, while the control class was taught through 
conventional learning. Data were collected using eight essay questions covering the topics 
of hydrostatic pressure, Pascal’s law, and Archimedes’ principle. The findings revealed a 
significant difference between the two classes, with an N-gain score of 0.66 (medium 
category) in the experimental class and 0.29 (low category) in the control class. The analysis 
of each scientific literacy indicator also showed that the Explain Phenomena Scientifically 
(EPS) and Interpret Data and Evidence Scientifically (IDES) indicators achieved high 
improvement categories, while the Evaluate and Design Scientific Enquiry (EDSE) 
indicator increased within the medium category. These results indicate that Phenomenon-
Based Experiential Learning integrated with Formative Assessment is effective in 
enhancing students’ scientific literacy skills. 

 

 

 

 ABSTRAK  
Penelitian ini bertujuan untuk menganalisis pengaruh Phenomenon-Based 
Experiential Learning disertai Formative Assessment terhadap peningkatan 
kemampuan literasi sains siswa pada materi fluida statis. Penelitian menggunakan 
metode kuasi-eksperimen dengan desain control group pre-test–post-test yang 
melibatkan 71 siswa kelas XI dari salah satu MAN di Kota Padangsidimpuan, 
Indonesia. Kelas eksperimen mendapatkan pembelajaran dengan model 
Phenomenon-Based Experiential Learning disertai Formative Assessment, sedangkan 
kelas kontrol mengikuti pembelajaran konvensional. Data dikumpulkan melalui 
delapan soal esai yang mencakup topik tekanan hidrostatis, hukum Pascal, dan 
hukum Archimedes. Hasil penelitian menunjukkan adanya perbedaan signifikan 
antara kedua kelas, dengan nilai N-gain sebesar 0,66 (kategori sedang) pada kelas 
eksperimen dan 0,29 (kategori rendah) pada kelas kontrol. Analisis setiap indikator 
literasi sains juga memperlihatkan bahwa indikator Explain Phenomena Scientifically 
(EPS) dan Interpret Data and Evidence Scientifically (IDES) mengalami peningkatan 
dalam kategori tinggi, sementara Evaluate and Design Scientific Enquiry (EDSE) 
meningkat pada kategori sedang. Temuan ini mengindikasikan bahwa 
Phenomenon-Based Experiential Learning disertai Formative Assessment efektif dalam 
meningkatkan literasi sains siswa.   
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INTRODUCTION 
The 21st century is characterized by rapid 

advancements in science and technology that 
have had a significant impact on various aspects 
of life. In the context of education, this 
development requires students to master 21st-
century skills, such as critical thinking and 
problem-solving abilities, in order to adapt to the 
challenges of the times. (Soh dkk., 2010). One of 
the essential fields that supports the 
development of these skills is science education, 
as through science learning, students are 
encouraged to apply scientific concepts to solve 
real-world problems in everyday life. (Arifin & 
Sunarti, 2017a; Deta dkk., 2024). In line with this 
urgency, improving the quality of science 
education has now become a global priority, 
which is realized, among others, through the 
strengthening of scientific competence by 
emphasizing the importance of scientific literacy 
as a foundation for understanding, evaluating, 
and applying scientific knowledge responsibly. 
(Bossér, 2024; Howell & Brossard, 2021; Osborne 
& Allchin, 2024). 

Literacy, in its general sense, refers to the 
ability to use various skills to actively participate 
in society. Meanwhile, scientific literacy (SL) 
refers to scientific competence that encompasses 
logical reasoning, creative thinking, and 
problem-solving abilities. (Kutlu-Abu dkk., 2024; 
Sjöström dkk., 2017; Vrana, 2019). Scientific 
literacy also reflects an individual’s capacity to 
understand and engage with science- and 
technology-based issues that arise in everyday 
life. This competence includes the skills to 
explain phenomena scientifically, evaluate and 
design scientific enquiry, and interpret data and 
evidence scientifically. (OECD, 2023). In 
addition, understanding natural phenomena and 
the processes through which scientific facts are 
established constitutes an essential component of 
this literacy. (Raymo, 1998), including an 
understanding of the nature of science and its 
role in constructing scientific arguments 
(Yuenyong, 2013). In an increasingly diverse and 
multicultural society, opportunities for learning 
have become more widely accessible. 
(Mappaenre dkk., 2023).  

Technological developments and the 
currents of globalization have transformed the 
way we perceive science—not merely as a 

collection of knowledge, but as a process of 
understanding the interrelationships between 
humans, nature, and technology (Skare & 
Soriano, 2021). Therefore, many countries have 
made scientific literacy a primary goal of their 
education systems (Luzyawati dkk., 2025), as the 
development of a scientific attitude fosters 
improvements in problem-solving abilities and 
academic achievement (Annisa dkk., 2023) 

In Indonesia, scientific literacy has gained 
attention since the 2006 Curriculum, was further 
strengthened in the 2013 Curriculum through the 
implementation of an inquiry-based approach 
and student-centered learning (Aidoo, 2023; 
Luzyawati dkk., 2025), and continues to be 
developed in the Merdeka Curriculum through the 
application of project-based and problem-
solving learning (Suharyat dkk., 2023). 
Unfortunately, the idealization of scientific 
literacy has not yet been fully reflected in the 
actual abilities of Indonesian students.. 

The scientific literacy skills possessed by 
each student play a crucial role in helping them 
address global issues, make informed decisions, 
and gain a deeper understanding of natural and 
social phenomena (Kamila dkk., 2024). However, 
data from the 2022 Programme for International 
Student Assessment (PISA) released by the 
OECD indicate that Indonesian students’ 
scientific literacy remains low, with an average 
score of 383, ranking 71st out of 81 participating 
countries—well below the international average 
(OECD, 2023). This low achievement is attributed 
to limited conceptual understanding resulting 
from instructional approaches that emphasize 
memorization rather than meaningful learning 
(Jufri dkk., 2016). In addition, teachers’ limited 
ability to connect science learning with real-
world phenomena in students’ surroundings has 
also hindered the development of scientific 
literacy (Arifin & Sunarti, 2017b; Treacy & 
Kosinski-Collins, 2011). One instructional 
approach aligned with these principles is 
phenomenon-based learning. 

Phenomenon-based learning is effective in 
enhancing scientific literacy as it enables the 
presentation of concepts from multiple 
perspectives (Santhalia & Yuliati, 2021; 
Symeonidis & Schwarz, 2016). The use of 
multiple representations of physical phenomena 
helps students in problem-solving, thereby 
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improving conceptual understanding and 
learning outcomes (McPadden & Brewe, 2017). A 
learning model that emphasizes direct student 
experience is known as experiential learning (A. Y. 
Kolb & Kolb, 2009; D. A. Kolb, 2014a; Roberts, 
2018), which has been extensively studied in 
educational contexts (A. Y. Kolb & Kolb, 2005). 
Several studies have shown that experiential 
learning not only better prepares students to face 
real-world challenges (Roberts, 2018), but also 
reduces cognitive load (Abdulwahed & Nagy, 
2009; Riskawati dkk., 2020) and enhances critical 
thinking skills (Mabie & Baker, 1996; Mertayasa 
dkk., 2024). Other research findings also indicate 
that the implementation of experiential learning 
has a positive effect on students’ academic 
achievement (Nisra dkk., 2025). During the 
learning process, teachers should also engage 
students as active learning resources for one 
another through collaborative activities, provide 
feedback, and encourage self-assessment; this 
interactive process between teachers and 
students is referred to as formative assessment (Box 
dkk., 2019; Kusairi dkk., 2021). Conceptual 
understanding can be developed through direct 
experience, where students require prior 
knowledge to comprehend a concept through 
observation of real phenomena, and active 
teacher–student interaction can enhance 
students’ learning achievement (McManus, 2008; 
Symeonidis & Schwarz, 2016). However, the 
implementation of phenomenon-based experiential 
learning integrated with formative assessment 
remains relatively rare. 

Based on various theoretical studies, 
phenomenon-based experiential learning has been 
proven effective in enhancing students’ scientific 
literacy. This learning approach is also aligned 
with the characteristics of static fluid topics, 
which emphasize understanding through the 
observation of real-world phenomena and active 
interaction between teachers and students. 
Therefore, this study focuses on the 
implementation of phenomenon-based experiential 
learning integrated with formative assessment in 
exploring the concept of static fluids, with the 
aim of determining its effect on students’ 
scientific literacy. 
 
 
 

METHODS 

This research is a quantitative study 
employing a quasi-experimental approach with a 
control group pre-test–post-test design, as 
illustrated in Figure 1.  

 

 
Figure 1. Research Method 

Description : 
O1 : Pre-test before treatment 
O2  : Post-test after treatment 
X1 :Treatment with Phenomenon Based  

    Experiential Learning 
X2 : Treatment with conventional learning 
 

Two groups were involved in this study, 
namely the experimental group and the control 
group, each receiving different treatments. Both 
groups first took a Pre-test to measure their 
scientific literacy skills. Subsequently, the 
experimental group participated in learning 
activities using the phenomenon-based experiential 
learning model, while the control group received 
conventional instruction. After the learning 
process was completed, a post-test was 
administered to assess the improvement in 
scientific literacy for each group. A total of 71 
eleventh-grade students (Phase F) participated in 
this study. All participants were drawn from one 
Islamic Senior High School (MAN) in 
Padangsidimpuan, North Sumatra, and were 
selected randomly using a cluster sampling 
technique. Of these, 36 students were assigned to 
the control group and 35 students to the 
experimental group. 

The data used in this study were 
quantitative, obtained from the results of pre-
tests and post-test that reflected students’ 
scientific literacy skills before and after receiving 
different treatments. The measurement 
instrument consisted of eight essay questions 
covering the topic of static fluids, including 
hydrostatic pressure, Pascal’s law, and 
Archimedes’ principle. The instrument 
underwent construct validity testing by experts 
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and was deemed suitable for use. In addition, 
empirical validation was conducted on the 
scientific literacy test administered to 105 
twelfth-grade students from MAN schools in 
Padangsidimpuan who had previously studied 
the topic of static fluids in the prior semester. The 
analysis results indicated that all eight questions 
met the validity criteria, with a high level of 
reliability as indicated by a Cronbach’s alpha 
coefficient of 0.854. The detailed distribution of 
the items based on static fluid topics and 
scientific literacy indicators is presented in Table 
1. 

 
Table 1. The Items Distribution of the Scientific 
Literacy Ability Test Instrument 

Indicator Issue 

I II III 

Explain phenomena 
scientifically 

(1), 
(5) 

(7)  

Evaluate and design scientific 
enquiry 

 (8) (3), 
(4) 

Interpret data and evidence 
scientifically 
 

(2), 
(6) 

  

Note :  
Issue I : Hydrostatic Pressure 
Issue II : Pascal’s Law 
Issue III : Archimedes’ Principle 

 
The data analysis in this study employed 

parametric statistical methods, as the data were 
normally distributed and homogeneous. An 
independent sample t-test was conducted to 
determine whether there was a significant 
difference in scientific literacy skills between 
students in the experimental and control classes, 
while the improvement in each group’s scientific 
literacy was measured using the N-Gain score 
(Hake, 1998). 
 

Table 2. The Category of Hake’s N-Gain 
N-gain score Category 

g>0.7 High 
0.3≤g<0.7 Medium 

g<0.3 Low 

 
Table 2 presents the N-Gain categories 

(Hake, 1998) based on the data of students’ 
scientific literacy improvement. 

 
 

RESULT AND DISCUSSION 

The hypothesis testing was conducted after 
performing the prerequisite tests, namely the 
normality test and the homogeneity test. The 
normality test was used to evaluate whether the 
data were normally distributed or not. If the data 
were not normally distributed, a non-parametric 
test would be applied. Meanwhile, the 
homogeneity test was carried out to assess 
whether the variances of the compared groups 
were equal. By conducting these prerequisite 
tests, the results of the hypothesis testing became 
more accurate and reliable. 

Table 3 presents the results of the normality 
and homogeneity tests for the Pre-test and Post-
test data from both classes. 

 
Table 3. Prerequisite Tests for Pre-test and Post-
test Data 

Class df Sig.normality 
test 

Sig. 
homogeneity 

test 

Control Pre-

test 

36 

36 
 

35 

0.275 

0.887 
 

Control Post-
test 

0.605 

Experimental 
Pre-test 

0.666 

0.519 
Experimental 
Post-test 

35 0.056 

 

Based on the normality test using the 
Shapiro–Wilk method, it was found that the 
data from both the experimental and control 
groups were normally distributed (p > 0.05). 
Meanwhile, the results of Levene’s test, which 
was used to examine homogeneity, indicated 
that the variances of the two classes were 
homogeneous. These findings confirm that the 
samples used in this study met the 
assumptions required for parametric testing 

The results of the independent t-test for 
the Pre-test scores are presented in Table 4.  
 

Table 4. Independent t test for Pre-test Scores 
Class Average Sig Conclusion  
Control 5.81 

0.092 
Not 

Significant 
Ekperiment 4.86  

 
Table 4 shows the results of the 

independent t-test on the equality of students’ 
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scientific literacy in the Pre-test scores, which 
yielded a significance value (2-tailed) of 0.092. 
Since p > 0.05, it can be concluded that the initial 
scientific literacy abilities of students in both 
classes were at the same level. Therefore, the 
differences in scientific literacy outcomes 
observed at the end of the learning process can 
be attributed solely to the different treatments 
applied to each class. 

The independent t-test used to examine 
the differences in scientific literacy abilities 
based on the Post-test scores is presented in 
Table 5. 

 
Table 5. Independent t-test for Post-test Scores 
Class Average Sig Conclusion 

Control 16.64 
0.000 

Significant 
Difference 

Ekperiment 19.54  

 
Table 5 shows a significant difference 

between the two classes, with a significance 
value of 0.000. This result indicates that the 
scientific literacy abilities of students in the 
experimental and control classes were not the 
same. The difference was influenced by the 
learning model implemented in the 
experimental class, which applied Phenomenon-
Based Experiential Learning with formative 
assessment, while the control class follows 
conventional teaching which only learns 
through full lectures from the teacher. This 
difference in instructional approach had a 
significant positive effect on students’ scientific 
literacy. 

The results of the study indicate that the 
implementation of Phenomenon-Based 
Experiential Learning combined with formative 
assessment has a significant positive effect on 
students’ scientific literacy skills. This model 
integrates four stages of experiential learning: 
concrete experience, reflective observation, abstract 
conceptualization, and active experimentation 
(Santhalia & Yuliati, 2021). In the concrete 
experience stage, students directly observe 
physical phenomena occurring around them, 
making the learning experience more relevant 
and contextual. The next stage, reflective 
observation, encourages students to consciously 
reflect on their experiences and begin 
constructing meaning from their observations. 
Subsequently, during abstract conceptualization, 

students formulate physics concepts or 
principles based on their reflections, and in the 
final stage, active experimentation, they design 
strategies or solutions to problems using the 
concepts they have developed (Santhalia dkk., 
2020; Santhalia & Yuliati, 2021). Through these 
stages, the learning process in physics—
particularly on the topic of static fluids, which is 
closely related to real-world phenomena and 
students’ everyday experiences—becomes more 
connected and tangible. This finding is 
consistent with previous research, which 
demonstrated that Phenomenon-Based 
Experiential Learning can enhance students’ 
scientific literacy (Santhalia & Yuliati, 2021), 
problem-solving skills (Santhalia dkk., 2020), 
and conceptual understanding of physics 
(Chinaka, 2021; Yuliati & Mufti, 2020). 

When this learning process is integrated 
with formative assessment, it becomes more 
meaningful because students are not only 
evaluated based on final outcomes but are also 
encouraged to actively engage in continuous 
scientific thinking. Formative assessment 
provides feedback that enables students to 
monitor the development of their understanding 
and helps teachers adjust instructional 
approaches to meet students’ needs (Black & 
Wiliam, 2009). Consequently, the learning 
process becomes more dynamic, reflective, and 
personalized. Formative assessment has been 
proven to offer dual benefits in the learning 
process. For teachers, it not only supports the 
development of their professional skills (James, 
2017), but also facilitates quick access to 
feedback (Bennett, 2011; Kusairi dkk., 2021). 
Real-time feedback allows teachers to promptly 
identify students’ learning difficulties and 
adjust their teaching strategies for greater 
effectiveness if (Elmahdi dkk., 2018). On the 
other hand, students receive timely support, 
enabling them to develop a deeper 
understanding of scientific concepts. 
Furthermore, the integration of formative 
assessment into the learning process has been 
shown to significantly enhance students’ 
conceptual understanding (Decristan dkk., 
2015). 

There are several factors contributing to 
students’ low level of scientific literacy, one of 
which is their initial ability. Students with strong 
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prior knowledge generally find it easier to 
understand new concepts, whereas those with 
weaker initial abilities tend to face difficulties in 
the learning process. Prior knowledge serves as 
a foundation that helps students construct new 
understanding by connecting it with concepts 
already stored in long-term memory (Santhalia 
dkk., 2020). Learning that involves direct 
experience allows students to develop cognitive, 
psychomotor, and affective abilities in an 
integrated manner (D. A. Kolb, 2014b). 
Therefore, the implementation of phenomenon-
based experiential learning with formative 
assessment has been shown to have a positive 
effect on students’ scientific literacy, as it 
provides opportunities for them to learn 
through real experiences and connect physics 
concepts—particularly those related to static 
fluids—with everyday phenomena. 

The improvement in students’ scientific 
literacy skills can be more clearly seen from the 
results of the N-Gain analysis presented in Table 
6. These findings illustrate the extent to which 
students’ scientific literacy skills improved after 
participating in the learning process.. 
 

Table 6. N-gain Score 
Parameter Class 

Experiment Control 
N-gain 0.66 0.29 

Category Medium Low 

 
 Table 6 shows that the N-Gain values for 
each class were 0.66 for the experimental class 
and 0.29 for the control class. The experimental 
class falls into the medium category, while the 
control class is in the low category. These results 
indicate that phenomenon-based experiential 
learning combined with formative assessment led 
to a significantly greater improvement in 
scientific literacy compared to conventional 
learning. This pattern of improvement is also 
consistent with the results of the independent t-
test discussed earlier. Furthermore, the N-Gain 
value for the control class was well below the 
average threshold for the effectiveness of active 
learning, which is 0.48 (Jackson et al., 2008). 
whereas the experimental class successfully 
exceeded this benchmark. 
 To determine which aspects showed 
improvement, an N-Gain analysis was 

conducted for each indicator, as presented in 
Figure 2. 

Figure 2. N-gain Values for Each Scientific 
Literacy Indicator 
 
 An interesting pattern can be observed in 
Figure 2. Although all scientific literacy 
indicators showed improvement in the 
experimental class, the EDSE (Evaluate and 
Design Scientific Enquiry) indicator increased 
within the medium category (0.52), while the 
EPS (Explain Phenomena Scientifically) and 
IDES (Interpret Data and Evidence 
Scientifically) indicators reached the high 
category, with N-Gain scores of 0.75 and 0.74, 
respectively. The EDSE competency requires 
students to demonstrate skills in assessing the 
quality of data, based on the understanding that 
data are not always entirely accurate. In 
addition, it demands the ability to determine 
whether an investigation is grounded in a 
specific theoretical framework or aimed at 
identifying patterns within the obtained data. 
(OECD, 2015). However, some students were 
still unable to fully demonstrate these 
competencies, particularly in evaluating data 
accuracy and understanding the relationship 
between theoretical concepts and the results of 
their investigations on static fluid topics. This 
can be seen in learning Archimedes' principle, 
when several students still experience errors in 
evaluating experimental data related to the 
phenomenon of floating and levitating objects, 
so that the relationship between observation 
results and theoretical basis is not yet 
understood properly. .Nevertheless, overall, 
these findings reinforce the evidence that 
phenomenon-based experiential learning combined 
with formative assessment is more effective in 

EPS IDES EDSE

Control 0,26 0,9 0,6

Experiment 0,75 0,74 0,52

0
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0,6

0,8
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N
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a
in
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%

)

N-gain values for each scientific 
literacy indicator
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enhancing students’ scientific literacy 
competencies across all indicators. 

  

CONCLUSION 

 The results of the study revealed a 
significant difference in scientific literacy skills 
between the experimental and control classes. 
The experimental class, which implemented 
Phenomenon-Based Experiential Learning with 
Formative Assessment, demonstrated a higher 
improvement in scientific literacy compared to 
the control class that received conventional 
instruction. The average Post-test score of 
students in the experimental class was 
considerably higher, with an improvement level 
categorized as medium, whereas the control 
class achieved only a low level of improvement. 
These findings indicate that learning based on 
real-world experiences, complemented by 
formative assessment, is more effective in 
enhancing students’ scientific literacy than 
conventional teaching methods. 
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