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ABSTRACT

This research aims to analyze students’ perceptions and responses to STEM-based inquiry learning. This research 
used a quantitative and qualitative survey method. The subjects of  this study were 25 first-semester students who 
took the General Chemistry course in the chemistry education study program. The research instruments used 
were questionnaires, interviews, and learning observation sheets. Meanwhile, the quantitative technique used 
is descriptive analysis. Quantitative data analysis found that 72% of  students were actively involved in learning 
when formulating questions and investigations. STEM-based inquiry learning in observing, measuring, and ana-
lyzing data helped 72% of  students understand the basic laws of  chemistry. Most students benefit from STEM-
based inquiry learning because this model triggers curiosity, the ability to formulate scientific questions, and the 
ability to evaluate and utilize information that helps determine experimental procedures. In conclusion, the learn-
ing experience using the STEM-based inquiry learning model on the basic laws of  chemistry positively impacts 
students’ perceptions and responses.
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INTRODUCTION

In a technology era where scientific litera-
cy and higher-order thinking skills are increasing-
ly necessary, STEM-based inquiry learning serves 
as a powerful tool to cultivate these competencies 
in students. The ability to critically analyze, ex-
periment, and apply scientific concepts, especial-
ly in chemistry, directly aligns with the goals of  
modern education to prepare students for the de-
mands of  the 21st century. So far, the process of  
learning the basic laws of  chemistry has focused 
on calculations. The focus on calculations in che-
mistry education often leaves students with a li-
mited understanding of  the broader applications 

of  fundamental laws in real-world contexts. By 
integrating STEM-based inquiry learning, this re-
search aims to bridge the gap between theoretical 
knowledge and practical application, particularly 
in the context of  stoichiometry, a fundamental 
yet challenging concept in chemistry. 

According to Roberts et al. (2018) and Ri-
vera & Li (2020), STEM-based inquiry learning 
plays a significant role in training students’ inqui-
ry skills through active experimental activities. 
Where students not only understand scientific 
concepts but are also deeply involved in the scien-
tific investigation process. In line with the study 
by Jeskova et al. (2022), they also emphasized 
that the STEM approach is able to trigger stu-
dents’ curiosity and ability to formulate relevant 
scientific questions.



L. A. Pohan, R. D. Suyanti, A. W. Nugraha, D. Pebrianti, R. Panjaitan, S. H. Hasibuan / JPII 13 (3) (2024) 446-458
448

The researchers’ efforts in developing 
inquiry-based strategies integrated with STEM 
have the potential to train students’ inquiry skills 
well through active experiments to produce stu-
dents who are interested in and have careers in 
STEM fields (Roberts et al., 2018; Rivera & Li, 
2020). Job opportunities in STEM fields are pre-
dicted to grow and require empowered human 
resources (Langdon et al., 2011; Caprile et al., 
2015; Hasim et al., 2022). 

The STEM approach is experiential lear-
ning through problem analysis that applies kno-
wledge and skills in projects (Bertrand & Namu-
kasa, 2022). This approach also aims to develop 
skills in higher education and career readiness in 
STEM fields (Christensen & Knezek, 2017; Silin 
& David, 2017). The application of  STEM lear-
ning in careers has many practical aspects that 
provide several benefits for individuals and or-
ganizations: 1) Problem-solving skills that begin 
with identification and analysis skills; 2) Techno-
logy skills; 3) Creation and innovation skills; 4) 
Collaboration skills (DeCoito & Richardson, 
2016; Farwati et al.,2017; Suratno et al., 2020).

One of  the central and important subjects 
in the chemistry curriculum is stoichiometry, a 
mathematical chemistry concept that requires a 
deep understanding of  the quantitative ratios bet-
ween reactants and products in a chemical reac-
tion (Zumdahl, 2002; Brown et al., 2012). App-
lying inquiry learning in stoichiometry allows 
students to be actively involved in the learning 
process because there are activities to formulate 
problems and investigations that involve obser-
vation, measurement, and data analysis. This in-
quiry model is effective in involving students in 
learning activities and developing various com-
petencies, knowledge, and skills (Kuhlthau et al., 
2015; Izzatin & Nurmala, 2018; Kuo et al., 2019; 
Wen et al., 2020; Novitra et al., 2021).

The main goal of  higher science education 
is not only to provide an understanding of  basic 
concepts but also to develop students’ higher-or-
der thinking skills (HOTS) and scientific literacy 
(Budsankom et al., 2015; Schreglmann & Öztürk, 
2018; Rahmawati et al., 2020; Purba et al., 2021; 
Khaeruddin et al., 2023). One important aspect 
of  STEM is the application of  inquiry learning 
methods, which encourage students to active-
ly seek, explore, and understand scientific con-
cepts (Kawalkar & Vijapurkar, 2013; Moore et 
al., 2014; Prajoko et al., 2023). By incorporating 
stoichiometry into STEM-based inquiry learning, 
students can also see how this concept relates to 
various fields of  science and technology.

To improve learning outcomes and meet 

educational goals, lecturers need to be creative in 
determining pedagogical strategies that encoura-
ge students to be active in learning (Prachagool 
et. al., 2016). ). Scientific literacy must also be 
trained for students in the digital era (Pratiwi et. 
al., 2019; Budiarti & Tanta, 2021; Lestari et al., 
2021). Scientific literacy is an individual’s abili-
ty to use scientific knowledge, identify questions, 
and draw conclusions based on existing evidence 
(OECD, 2016; Bonney et al., 2016).  

Scientific literacy is the ability to master 
concepts, collect scientific problems, evaluate, 
investigate scientifically, interpret data, and com-
municate skills about science (Dragos & Mih, 
2015; OECD, 2016). Science literacy involves 
cognitive processes divided into Lower-order 
Thinking Skills (LOTS), consisting of  knowledge, 
understanding, and application, and Higher-order 
Thinking Skills (HOTS), consisting of  analysis, 
evaluation, and creation derived from Bloom’s 
taxonomy. This ability is expected to address ad-
vancing knowledge, technology, and information 
challenges. More sophisticated technology does 
bring convenience, but negative impacts accom-
pany it. Scientific literacy helps students resolve 
the adverse impacts accompanying knowledge 
and technology advancement (Hofstein et al., 
2011; Fakhriyah et al., 2017). 

Flexible, creative, active, and more chal-
lenging learning design is needed to train higher-
order thinking, scientific literacy, and critical 
thinking skills. The STEM approach allows for 
various learning activities that provide more ex-
perience and thinking skills (Fan & Yu, 2015; 
Sari et al., 2018; Miller et al., 2018; Shahali et al., 
2019; Onsee & Nuangchalerm, 2019). In additi-
on, experiences from STEM learning will shape 
perceptions about STEM because perceptions 
are formed from an experienced event, which 
becomes information in memory and forms un-
derstanding (Kaymaz & Sungur, 2015; Pohan & 
Maulina, 2023). This learning also provides an 
experience of  collaborating with others to solve 
problems in real everyday contexts (Lindeman et 
al., 2013).

STEM emphasizes problem-solving and 
inquiry activities (Baharin et al., 2018). STEM 
learning is related to inquiry activities, which in-
volve formulating questions designed and solved 
through investigation (Kennedy & Odell, 2014). 
By implementing integrated STEM-based lear-
ning, students can discover and develop curiosity 
(Kim et al., 2016).

While significant research has highlighted 
the potential of  STEM-based inquiry learning 
to enhance critical thinking, scientific literacy, 
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and problem-solving skills in various scientific 
domains (Fan & Yu, 2015; Baharin et al., 2018; 
Shahali et al., 2019), there remains a gap in the 
exploration of  how this method can be effecti-
vely applied specifically to stoichiometry, a key 
yet often challenging concept in chemistry. Most 
existing studies have focused on the general app-
lication of  STEM in science education (Rivera 
& Li, 2020; Parmin et al., 2020), but few have 
thoroughly examined the impact of  STEM-based 
inquiry learning on students’ understanding of  
stoichiometric principles. Furthermore, previous 
research has primarily concentrated on teacher 
perspectives regarding the implementation of  
STEM in science education, with less attention 
paid to the students’ viewpoint, particularly their 
perceptions of  learning stoichiometry through 
an inquiry-based approach (Permanasari et al., 
2021). 

Although STEM and inquiry learning of-
fer great potential to improve conceptual under-
standing, research on the needs of  STEM-based 
inquiry learning in stoichiometry is still limited, 
especially from students’ perspectives. Meanwhi-
le, the use of  an integrated STEM approach in 
science learning, including chemistry, is a de-
mand for education in the technological era due 
to the high career demands for graduates today 
(Isozaki, 2018; Tan, 2018). Therefore, this study 
aims to analyze students’ perceptions and respon-
ses to the development of  STEM-based inquiry 
learning by considering lecturers’ perspectives as 
learning facilitators and students’ perspectives as 
active participants. This study is based on a ho-
listic approach that combines the perspectives of  
lecturers and students to gain a comprehensive 
understanding of  the effectiveness and challenges 
of  this learning method. The results of  this study 
are expected to contribute to the development of  
stoichiometry learning in higher education.

METHODS

This research used a quantitative and 
qualitative survey method (Creswell & Creswell, 
2017). The subjects of  this study were 25 
first-semester students who took the General 
Chemistry course in the chemistry education 
study program. The research instruments used 
were questionnaires, interviews, and learning 
observation sheets. The questionnaire to assess 
students› perceptions of  STEM-based inquiry 
learning in stoichiometry learning included 1) 
Students› responses to stoichiometry material 
regarding the level of  difficulty, the majority of  
learning methods, and sub-topics that are difficult 

to understand; 2) Implementation of  STEM-
based inquiry learning regarding whether or 
not lecturers have used it, student involvement, 
and the impact of  implementation; 3) Students› 
opinions on the skills needed to implement 
STEM-based inquiry learning; 4) Benefits and 
challenges in STEM-based inquiry learning 
(Saptarani et al., 2019).

The research was conducted in two 
classroom meetings and two experiments in 
the laboratory. In the first meeting, the concept 
of  the basic laws of  chemistry was presented. 
Furthermore, the stages of  the STEM-based 
inquiry learning model activities were explained. 

Students were given an activity sheet using 
STEM-based inquiry stages. Students formulated 
research questions and designed experiments. 
In the second meeting, students conducted the 
designed experiments. Experiment 1 contains the 
following activities: a) Proving that the mass of  a 
substance before and after a reaction is the same 
in a closed system; b) Proving experimental data 
on the comparison of  the masses of  two elements 
that combine (Law of  Definite Proportions); c) 
Proving experimental data on the law of  volume 
comparison that, at the same temperature and 
pressure, the ratio of  the volumes of  the reacting 
gases and the gas products of  the reaction is a 
ratio of  integers and simple numbers. At the 
end of  the learning, students› perceptions and 
responses were assessed using questionnaires 
and interviews. The example of  a storyboard 
of  STEM-based inquiry learning is presented in 
Table 1.

The student response questionnaire to 
STEM-based inquiry learning was described 
from each of  the following learning syntaxes: 
1) Orientation: delivery of  learning objectives, 
reinforcement of  concepts, inquiry questions, 
motivation to prepare for learning, and motivation 
to find answers to questions from the internet 
and books; 2) Formulating research questions: 
the ability to formulate research questions and 
formulate hypotheses assisted by lecturers; 3) 
Investigation: the ability to find, evaluate, and 
utilize information to determine experimental 
procedures, activeness in learning, involvement 
in learning, and the ability to collaborate with 
colleagues; 4) Drawing conclusions: analyzing 
discovery patterns to make conclusions, 
understanding learning materials, increasing 
interest, increasing responsibility in completing 
group assignments, and making learning more 
interesting and challenging; 5) Discussion/
Sharing: expressing opinions and ideas, exploring 
skills, activating thinking skills, and reflecting on 
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learning outcomes. Interviews were conducted 
with students to gain a deeper understanding of  
their experiences during the learning process. 
Interviews included questions on several aspects: 
acceptance, attractiveness, benefits, challenges, 
and suggestions. 

The data source in this research came 
from students in general chemistry courses on 

the material of  basic laws of  chemistry using 
STEM-based inquiry learning. The number of  
students involved was 25 people. Quantitative 
data from perception questionnaires, classroom 
observations, and student responses were 
analyzed using descriptive statistics. Qualitative 
data were analyzed using interview transcript 
content to analyze students› perspectives.

Table 1. The Storyboard of  STEM-based Inquiry Learning

No Stage Objective Activity STEM
1 Orientation Identifying students' 

initial knowledge
Helping students 
master concepts
Stimulating students' 
interest and curiosity

- Based on the law of  conserva-
tion of  mass, if  rust occurs, what 
do you think the mass of  the iron 
is before and after rusting? Does 
rusting increase mass?
- Burning paper will produce 
ash. In your opinion, if  weighed, 
is the mass of  the ash the same 
as the mass of  the paper before 
it was burned? Is the reaction of  
burning wood accompanied by 
a reduction in the mass of  the 
burned wood?
- To answer these questions, 
watch the explanation in the fol-
lowing video: https://youtu.be/
JrUhHybVJdA

Science: Law of  conser-
vation of  mass (Lavois-
er's law)
Technology: A series of  
tools for reacting BaCl

2
 

and K
2
SO

4
 in a closed 

system
Engineering: Apply-
ing procedures to prove 
Lavoisier's law
Mathematics: Calculat-
ing mass before and after 
reaction

2 Formulat-
ing research 
questions

Identifying problems 
and formulating 
questions
Determining hypoth-
eses for scientific 
questions

- How to prove that the mass of  
iron before and after the reaction 
is the same?
How to prove that burning wood 
produces the same mass before 
and after burning?
- Can you distinguish between a 
chemical reaction and a normal 
mixture using the law of  conser-
vation of  mass?

3 Investigation Conducting ex-
periments through 
information search to 
determine experimen-
tal procedures
Evaluating and using 
information that 
leads to deeper cre-
ation and learning-
dan pembelajaran 
yang lebih dalam.

- Making a mass procedure be-
fore and after the reaction of  
rusty iron
- Mass in the reaction between 
BaCl2 and K2SO4;
- Mass in the mixture of  water 
and sugar.
Burned Mg ribbon

4 Drawing 
conclusion

Building deeper un-
derstanding by sum-
marizing, interpret-
ing, and expanding 
information to draw 
multiple conclusions

- Answering questions related to 
the experiment. 

5 Discussion/ 
Sharing

Sharing the findings 
of  the experiment

- Writing a report and sharing the 
findings with other groups.
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RESULTS AND DISCUSSION

Learning stoichiometry is an important 
part of  learning chemistry. Stoichiometry studies 
the quantitative relationship between reactants 
and products in a chemical reaction (Brown et. 
al., 2012). In learning about stoichiometry (the 
fundamental laws of  chemistry), the lecturer acts 
as a facilitator who guides students in developing 
their understanding of  stoichiometry concepts 
and applying these concepts in real-life situations. 
The student responses to the stoichiometry mate-
rial are as follows:

Table 2. Students Opinon Regarding Stoichiom-
etry Learning

Question Opinion (%) Criteria
Students' 
opinions on the 
subject of  stoi-
chiometry

43,8 Very hard
28,1 Hard
15,6 Easy

9,4 Very easy
Use of  methods 
in learning stoi-
chiometry

51,6 Lecture

48,4
Apart 
from 
lectures

Nearly 44% of  25 students stated that 
stoichiometry was very difficult, 28% stated it 
was difficult, 15.6% stated it was easy, and 9.4% 
stated it was very easy. From these data, the ma-
jority stated that stoichiometry was a difficult 
subject. Students’ difficulties were spread across 
several sub-topics of  stoichiometry.

Figure 1. Students Understanding of  Stoichi-
ometry (a. Basic laws of  chemistry; b. Chemical 
equations, c. Mole concept, d. Percent composi-
tion, e. Limiting reagent)

The students’ difficulties in understanding 
stoichiometry are found in the subtopics of  basic 
chemical laws (24%), chemical equations (writing 
chemical formulas) (40%), mole concept (20%), 
the percent composition and formula of  com-
pounds (12%), and limiting reagents (8%) of  the 
25 respondents who filled out the questionnaire.

The data show that most lecturers (72%) 
apply the STEM-based inquiry learning model in 
chemistry teaching. This shows that most lectu-
rers know and try this approach in their learning. 
From the lecturers’ perspectives, STEM-based 
inquiry learning in the basic laws of  chemistry 
provides opportunities for students to develop 
critical thinking, problem-solving, and collabora-
tion skills. 

Table 3. Implementation of  STEM-Based Inqui-
ry Learning

Statements  (%) Criteria

Lecturers have ever ap-
plied the STEM-based 
inquiry learning model 
in teaching chemistry.

72 Yes

28 No

Student involvement in 
stoichiometry learning 
when using the STEM-
based Inquiry Learning 
Model

12 Very involved

72 Involved

16 Neutral

Application of  the 
STEM-based Inquiry 
Learning Model can 
help in understanding 
the concept of  stoichi-
ometry

8 Very helpful

72 Helpful

20 Neutral

Lecturers argue that this approach increa-
ses students’ interest and motivation in learning 
the basic laws of  chemistry because students are 
actively involved in scientific exploration and dis-
covery. Lecturers realize that learning the basic 
laws of  chemistry has only focused on calcula-
tions. Students are rarely invited to think more 
critically about applying the basic laws of  che-
mistry to stoichiometric calculations and their 
applications in life. 28% of  lecturers have never 
applied this model. The figures show that some 
lecturers are unfamiliar with this model and face 
obstacles in its application.

Most students (72%) feel involved in lear-
ning stoichiometry with the STEM-based inquiry 
learning model. This shows that this learning mo-
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del has successfully attracted most students’ inter-
est and active participation. Only 12% of  students 
feel very involved. Although the number is small, 
many students find this learning very interesting 
and may be highly interested. 16% of  students 
who have a neutral opinion do not feel anything 
special about the learning. 

With 84% of  students showing a positive 
level of  engagement (12% very engaged, 72% en-
gaged), it is concluded that STEM-based inquiry 
learning effectively increases students’ involve-
ment in learning. This conclusion is supported by 
Alarcon et al. (2023) and Morris (2024), who state 
that the inquiry-based learning model is centered 
on students who are actively involved, engaging 
in constructing procedures, and experimenting 
can improve scientific reasoning, communicative 
focus, and critical attitudes towards science. Cog-
nitive, operative, and affective engagement are 
obtained from the application of  inquiry learning 
(Attard et al., 2021; Ogodo, 2024).

Most respondents (72%) feel helped, and 
8% of  respondents feel immensely helped in 
understanding the stoichiometry concept using 
the STEM-based inquiry learning model. These 
results indicate that this model is quite effective 
and has strong potential to provide a positive im-
pact. Meanwhile, 20% of  respondents are neut-
ral, indicating room for further improvement or 
adaptation in this approach. Bakirci et al. (2021) 
state that STEM-supported inquiry learning can 
improve students’ conceptual understanding of  
science learning. 

This research applies the STEM-based 
inquiry learning model to the basic laws of  che-
mistry. The student worksheet contains the stages 
of  STEM-based inquiry.

1. Orientation (Proving that the mass of  a 
substance before and after a reaction is the same 
in a closed system). Based on the law of  conser-
vation of  mass, if  rust occurs, what do you think 
the mass of  the iron is before and after rusting? 
Does rusting increase mass? 

Answer: From our previous thinking, there 
are two possibilities. First, the mass of  the iron af-
ter rusting is greater than the mass of  the nail be-
fore rusting because the rusting produces a brown 
solid substance that is brittle. Second, the mass of  
the iron before and after may still be the same, but 
the color of  the iron changes.

From the learning videos and teaching ma-
terial literature provided, Lavoisier’s Law states, 
“In a closed system, the mass of  the substance be-
fore the reaction (reactants) and after the reaction 
(products) are the same. In rusty iron, it appears 
as if  the mass of  the iron increases, but what 

happens is the reaction of  iron with oxygen. The 
mass of  rusty iron appears to increase because of  
the additional mass of  oxygen bound to form iron 
oxide.”

Burning paper will produce ash. In your 
opinion, if  weighed, is the mass of  the ash the 
same as the mass of  the paper before it was 
burned? Is the reaction of  burning wood accom-
panied by a reduction in the mass of  the burned 
wood?

Answer: Based on our observation of  pa-
per burning, there is indeed a reduction in mass 
because the unburned paper is a solid substance 
with actual mass. After burning, the paper is pow-
dered with reduced mass. 

From the learning videos and teach-
ing material literature, it can be concluded that 
Lavoisier’s Law still applies because paper com-
bustion occurs in an open system. The paper 
reacts with oxygen to produce ash, CO (carbon 
monoxide), and water vapor. If  CO and water va-
por are added to the ash, the result will remain 
the same as the mass before the reaction occur-
red. In combustion, it seems as if  a mass is lost, 
but it is not. Because some of  the mass of  the 
reaction results in the form of  gas being released, 
what is left is carbon.

2. Formulating research problems (Stu-
dents formulate questions independently and cre-
ate hypotheses): a) How to prove that the mass 
of  iron before and after the reaction is the same? 
(b) How to prove that burning wood produces 
the same mass before and after burning? (3) Can 
you distinguish between a chemical reaction and 
a normal mixture using the law of  conservation 
of  mass?

Hypotheses: a) The mass of  rusted iron 
will be greater than before rusting if  it is in an 
open system and will be the same if  it is in a clo-
sed system; b) Wood burned in an open system 
will experience a reduction in mass; c) There is a 
difference in the application of  the law of  conser-
vation of  mass in ordinary mixtures and chemi-
cal reactions.

3. Investigation (Create an experimental 
procedure to prove the law of  conservation of  
mass based on the literature review and teaching 
materials provided).

Instructions: 1) Making a mass procedu-
re before and after the reaction of  rusty iron; 2) 
Mass in the reaction between BaCl

2
 and K

2
SO

4
; 

3) Mass in the mixture of  water and sugar; 4) 
Burned Mg ribbon.

4. Drawing conclusion The essence of  this 
law is that the system must be closed. If  a chemi-
cal reaction occurs in an open system, the mass 
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before and after the reaction will not be the same.
5. Writing a report and sharing the findings with 
other groups

During the learning, the lecturer walked 
around the class, supported students in develo-
ping their ideas, and asked questions that stimu-
lated critical thinking. The lecturer also suggested 
how to set up experiments so that the results 
could provide a deeper understanding of  the con-
cepts of  basic laws of  chemistry.

The discussion that took place was fascina-
ting. Each group provided new insights into how 
the basic laws of  chemistry can be understood 
through an experimental approach. This lear-
ning session provided a better understanding of  
the concepts of  the basic laws of  chemistry and 
developed critical thinking, collaboration, and 
problem-solving skills.

Most students (72%) state that the lear-
ning helps them understand the basic laws of  
chemistry for stoichiometric calculations. This is 
in line with Zhai (2019), who stated that inqui-
ry learning is closely related to practice so that 
students actively discover concepts and principles 
through inquiry learning steps prepared in stu-
dent activity sheets accompanied by exploration 
by reading, thinking, experimenting, observing, 
and discussing through examples and questions. 
This aligns with Roberts et al. (2018) and Huda 
et al. (2019), who state that students’ percep-
tions of  STEM learning can make them excel in 
mastering materials and provide a positive view 
of  STEM-based inquiry learning. From the stu-
dents’ experience participating in STEM-based 
inquiry learning, they have opinions about the 
skills needed to apply STEM-based inquiry lear-
ning, as explained in Figure 2.

Figure 2. Students’ responses on the needed skills 
(a. Basic understanding; b. Critical thinking read-
iness; c. Teamwork; d. Communication; e. Learn-
ing independence)

In applying STEM-based inquiry learning 
in stoichiometry, students are given tasks encou-

raging them to conduct discovery activities, col-
lect data, analyze data, solve problems, and draw 
conclusions based on their findings (Aydin-Gun-
batar et al., 2018; Karamustafaoglu & Pektas, 
2022). In this process, students learn to connect 
the basic laws of  chemistry and the concepts of  
stoichiometry calculations with their practical 
applications in everyday life.

Students’ perceptions of  STEM-based in-
quiry learning are assessed from matters related 
to its application, the skills needed, the influence 
of  learning on scientific literacy, and the benefits 
of  learning. Based on students’ responses, the be-
nefits of  STEM-based inquiry learning are exp-
lained in Figure 3.

Figure 3. The Benefits of  STEM-based Inquiry 
Learning (a. The inquiry stage triggers curios-
ity; b. The ability to ask questions solves scien-
tific problems; c. The use of  information helps 
determine experimental procedures; d. Learning 
activities increase curiosity)

From the lecturer’s perspective, STEM-
based inquiry learning in stoichiometry provides 
opportunities for students to develop critical thin-
king, problem-solving, and collaboration skills. 
This finding aligns with previous studies that con-
vey the influence of  planned inquiry-based STEM 
activities in out-of-school learning environments 
on improving students’ creative problem-solving 
skills and STEM awareness (Karamustafaoglu & 
Pektas 2022).

So far, the learning process of  basic laws of  
chemistry has focused on calculations. Students 
are not encouraged to think more critically about 
applying basic chemical laws to stoichiometric 
calculations and in life. Therefore, the applicati-
on of  STEM-based inquiry learning can improve 
students’ LOTS and HOTS (Julianda et al., 2018; 
Izzatin & Nurmala, 2018; Puspita et al., 2022; 
Fadillah et al., 2022; Panggabean et al., 2023). 
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Implementing STEM-based inquiry lear-
ning benefits students. Most students (92%) state 
that thought-provoking questions trigger curiosity 
in the early stages of  inquiry. The same percentage 
of  students (88%, respectively) state that formula-
ting scientific questions in the inquiry stage can 
solve scientific problems, and the ability to eva-
luate and utilize information can help determine 
experimental procedures. 80% state that learning 
activities that invite students to think and work 
to solve STEM-based stoichiometry problems in-
crease curiosity. The following are some findings 
from interviews with students.

For several reasons, students’ acceptance 
of  implementing the STEM-based inquiry lear-
ning model is very positive. First, learning that 
directly applies concepts through experiments 
makes it easier for students to understand the ma-
terials. They can see and feel how the materials 
are applied in real situations, deepening their un-
derstanding. In addition, this learning model also 
helps students express their opinions. Active dis-
cussions and interactions during learning make 
students feel more comfortable and encouraged 
to speak and express their ideas. This model imp-
roves their communication skills and enriches 
the teaching and learning process with various 
perspectives.

The STEM-based inquiry learning model 
and communicative lecturer guidance also inc-
rease students’ enthusiasm. Lecturers who can 
communicate well and provide clear and inspiring 
guidance make students feel more appreciated 
and motivated to learn. Positive interactions bet-
ween lecturers and students create a conducive 
and enjoyable learning environment. Finally, stu-
dents feel more involved in class learning. They 
are not just passive recipients of  information but 
also take an active role in learning. With higher 
involvement, students are more motivated to 
learn and participate in class activities, ultimately 
improving the overall quality of  learning.

Overall, the implementation of  the STEM-
based inquiry learning model was well accepted 
by students because it provided a more interac-
tive, participatory, and real-life relevant learning 
experience. Students’ acceptance of  the imple-
mentation of  the STEM-based inquiry learning 
model was due to several reasons: (1) Learning 
that directly applies concepts through experi-
ments, (2) Learning that helps students express 
their opinions, (3) The STEM-based inquiry lear-
ning model combined with communicative lec-
turer guidance for students makes students ent-
husiastic about learning, (4) Students are more 
involved in learning in class. 

The STEM-based inquiry learning model 
has several interesting aspects. First, it is active 
and student-centered learning, which involves as-
king questions, conducting experiments, and fin-
ding solutions to the problems presented. Second, 
students are invited to think critically, collaborate, 
solve problems in stoichiometry material, and try 
to find out the context for solving stoichiometry 
problems.

Students benefit from using the STEM-
based inquiry learning model. First, this model 
emphasizes independent problem-solving, which 
requires students to think critically and creatively 
when finding solutions. This encourages students 
to think proactively when solving problems. Se-
cond, by implementing this model, students 
face situations where they must formulate their 
hypotheses before conducting experiments or 
analysis, thus training them to think analytically. 
Third, being actively involved in experiments and 
discoveries allows students to see firsthand how 
chemistry concepts work and deepen their under-
standing through practical experience. Fourth, 
applying basic laws of  chemistry in stoichiome-
tric calculations in everyday life helps students 
see the practical relevance of  their learning, the-
reby increasing motivation and understanding. 
Fifth, learning through direct experience can 
strengthen understanding and retention of  basic 
concepts. Sixth, this model encourages students 
to always ask questions and seek answers, which 
builds their curiosity and encourages continuous 
learning.

Students are comfortable learning because 
they are facilitated with learning resources, such 
as student activity sheets and teaching materials 
with links to complete STEM-based inquiry lear-
ning activities. The lecturer walks around, super-
vises, and directs students’ discussions in groups. 
This makes students have a positive attitude to-
wards STEM-based inquiry so that they are hap-
py to be involved in inquiry activities, such as 
asking questions, formulating problems, finding 
ways to answer these questions, and increasing 
their capacity to provide conclusions based on 
evidence when they become active learners. 

This is in line with Kuo et al. (2019), 
who state that students who implement inquiry 
learning are significantly superior to traditional 
learning in terms of  self-confidence in learning 
science, science scores, achievement of  learning 
objectives, and positive perceptions of  inquiry. Po-
sitive attitudes towards inquiry are also obtained 
from previous studies. Involvement in asking and 
formulating questions can increase students’ ca-
pacity to draw conclusions based on evidence 
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when they become active learners in an inquiry 
learning environment (Wang et al., 2021). This 
aligns with the positive response to implementing 
STEM-based inquiry learning (Table 4).

Table 4. Category of  Student Response

No Syntax (%) Category
1 Orientation 81 Very positive

2
Formulating 
Research
Questions

78 Positive

3 Investigation 84 Very positive

4
Drawing
Conclusion

82 Very positive

5
Discussion/
Sharing

83 Very positive

Based on Table 4, most students appreciate  
the interactive and collaborative learning experi-
ence in STEM-based inquiry learning. They en-
joy the freedom to explore and experiment with 
new concepts and feel involved in a more active 
and in-depth learning process. Discussing, explai-
ning ideas, planning experiments, experimenting, 
and drawing conclusions are significantly related 
to students’ enjoyment of  learning chemistry 
(Wang et al., 2021)

While the responses are generally positi-
ve, some students identify challenges in STEM-
based inquiry learning. Some mention difficulties 
in making connections between the basic laws of  
chemistry and their calculations in stoichiomet-
ry because the material is so broad and complex, 
while others feel a lack of  support or guidance 
from lecturers. The learning stages are designed 
for independent learning and critical thinking, 
requiring seriousness to realize it and making it 
difficult for some students to adapt.

Limitations of  the Study is the study may 
have been conducted with a limited number of  
students from specific educational institutions, 
potentially leading to sample bias. This limita-
tion restricts the generalizability of  the findings 
to a broader student population across different 
educational contexts and regions. Future studies 
should aim to include a larger and more diver-
se sample of  students from various educational 
institutions and regions. This would enhance 
the generalizability of  the findings and provide 
a more comprehensive understanding of  student 
experiences in STEM-based inquiry learning.

CONCLUSION

Students’ perceptions and responses to 

STEM-based inquiry learning are one of  impor-
tant reasons for developing and applying it to 
chemistry learning. Based on the findings from 
this research, the majority of  students are invol-
ved in learning activities, which can help them 
understand the fundamental laws of  chemistry. 
Positive student perceptions and responses to 
STEM-based inquiry learning can help them bet-
ter master the material content. However, apart 
from that, they think that the application of  this 
learning requires initial skills that must be pos-
sessed, namely a basic understanding of  the ma-
terial, critical thinking, group work skills, com-
munication skills, and independence in learning. 
Then the students also identified several challen-
ges they faced in learning, namely that there were 
still difficulties in making connections between 
the basic laws of  chemistry and their calculations 
in stoichiometry because the material was very 
broad and complex.
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