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Introduction

Abstract: This study analyzed the learning difficulties in stoichiometry for university
students at the Chemistry Department of UIN Mataram based on their upper secondary
education backgrounds. This research employed a descriptive design with a quantitative
approach. The sampling technique utilized was purposive sampling, targeting students
who had studied stoichiometry. The research instrument was an open-ended diagnostic
test form, which was validated by an expert. Data analysis techniques included
calculating the percentages of question indicator completeness. The results indicated that
the stoichiometric learning difficulties faced by UIN Mataram students were significant,
as suggested by the percentage scores obtained in each category. Students from national
senior high schools scored 41.7% (moderate), those from Islamic senior high schools
scored 36.4% (high), and students from vocational high schools scored 16.7% (very high).
The level of difficulties in learning stoichiometry was categorized as very high for
students from national senior high schools in two areas: the application of Gay Lusac's
law and Avogadro's hypothesis, and the application of the mole concept involving
limiting reagents. The difficulties were also categorized as very high for students from
Islamic senior high schools in three areas: the application of Gay Lusac's law and
Avogadro's hypothesis, the application of the mole concept involving limiting reagents,
and determining the compound formula. Furthermore, vocational senior high school
students experienced very high difficulties in learning stoichiometry across seven topics,
which included writing reaction equations, balancing reactions, formulating basic
chemical laws, applying Gay Lusac's law and Avogadro's hypothesis, determining the
relative equation (RE) and molecular formula (RM), applying the mole concept to
limiting reagents, and determining the formula for hydrate compounds. Based on the
results of this study, a differentiated learning strategy is needed to accommodate
students' educational backgrounds in terms of content, process, product, and learning
environment

Keywords: Difficulty In Learning; Islamic High School; Senior High School;
Stoichiometry; Vocational High School.

(Kelly et al., 2021), chemical bond (Lahlali et al., 2023),
redox (Goes et al.,, 2020; Hasniyah & Muchtar, 2021),

The difficulties experienced by students in learning
chemistry cannot be separated from the characteristics
of chemistry. The characteristics of chemistry influence
each other between the interactions of microscopic,
macroscopic, and symbolic levels, becoming challenges
and difficulties for chemistry students. For example, the
mole concept (Mweshi et al., 2020), atomic structure
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covalent bond (Danora et al., 2020), organic chemistry
(Gupte et al., 2021), and others (Mubarak & Yahdi,
2020). The abstractness of chemical material makes
chemistry a complex subject that is difficult to learn
(Salame & Makki, 2021; Talanquer, 2022; Wu et al,,
2021).
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Difficulty in understanding chemical concepts is
partly caused by students' inability to connect the
macroscopic and microscopic worlds (Talanquer,
2022). Difficulties in comprehending the material are
categorized as learning difficulties. This condition is
characterized by students' inability to engage in the
learning process effectively due to the presence of
threats, barriers, or disruptions that interfere with
normal learning functioning (Nurfadhillah et al., 2022).
This difficulty often arises due to a failure to master
prerequisite skil (Ristiyani & Bahriah, 2016). There are
at least two types of understanding that students must
master to understand chemistry, known as conceptual
understanding (Schwedler & Kaldewey, 2020) and
algorithmic understanding (Habiddin et al., 2020).

Stoichiometry is a central topic in chemistry that
focuses on the quantitative aspects of reactants and
products in a chemical reaction. It is considered a
fundamental chemical concept, as it is essential to
master before engaging in more advanced chemical
calculations (Pramilinia & Guspatni, 2024). The
calculations presented in the questions can be in various
forms, from the simplest to the most difficult. Questions
in stoichiometry can be made from all Bloom's cognitive
levels, namely C1 (knowledge), C2 (understanding), C3
(application), C4 (analysis), C5 (synthesis), and C6
(evaluation) (Uswatun & Mubarak, 2024). So,
completing questions C3 to C6 requires good analytical
and critical thinking skills. This material is a fairly
difficult subject that causes learning difficulties and is
less motivating for students (Cai, 2022). This learning
difficulty will give rise to differences in understanding
in students, which are called misconceptions. If the
understanding that students have is different from the
understanding accepted by the scientific community,
then it is said that students are experiencing conceptual
errors or misconceptions (Mubarak & Yahdi, 2020).

Stoichiometry misconceptions are not a new
problem and have been widely expressed by
researchers. Most misconceptions arise because
students focus more on the algorithmic aspect and
ignore the conceptual side in solving stoichiometry
problems (Anugrah, 2019). The most common mistakes
made when working on stoichiometry are conceptual
errors and errors in concluding the answers worked out
(Noorarnie et al., 2019). One of the impacts is that more
than half of grade 10 and 11 students in Thailand have
misconceptions about finding moles, determining
molar concentration, and calculating limiting reagents
(Dahsah & Coll, 2008). Generally, the symptoms are that
students are still confused or do not know the definition
and relationship between stoichiometric entities.
(Susanty, 2022).

Understanding of stoichiometry serves as a
unifying thread for the development of subsequent
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competencies (Fahmi & Wuryandini, 2019). Thus,
chemistry students as prospective chemistry teachers
must master stoichiometry competencies well. The
ability to understand chemical concepts is fundamental
for prospective chemistry teachers. This is stated in the
professional competencies of chemistry teachers, as
outlined in the appendix to Permendiknas Number 16
of 2007 point 20, outlining the competencies that must
be possessed by chemistry teachers, including: 1)
mastering chemical concepts; 2) understand the
chemical thinking process; 3) be skilled at
experimenting; and 4) reflect on performance.

Based on the results of the researcher's observations.
Most of the UIN Mataram Chemistry Education students
still consider the stoichiometry material to be difficult to
understand. This can be seen from the results of the
stoichiometry topic assignments for the last 7 years,
namely 2015-2022, showing that the average class value
is still low, namely 40, 35, 55, 50, 78, 65, and 58. For 2020,
it has increased to 78, which is due to the online learning
system that allows students to work together in
completing assignments. Another cause is the diverse
educational background of Chemistry Education
students. Some are from general high schools, vocational
high schools, and Islamic high schools, both state and
private. With the students' diverse educational
backgrounds, the acceptance of the material also varies.
This is due to the breadth and depth of the chemistry
material received in high school. The chemistry material
studied by national high school students is not
significantly different from that of Islamic high school
students; the chemistry material of vocational high
school students is quite different, namely below the
national/Islamic high school chemistry material. In
addition, the time allocation for chemistry in
national/Islamic high schools is longer than in vocational
high schools, namely 2-4 teaching hours for
national/Islamic high schools, while for vocational high
schools, it is adjusted to the needs of the expertise
program.

Based on the factual description of stoichiometry
material and the researcher’s initial observations, it is
necessary to conduct a diagnosis or identification of
students' learning difficulties in stoichiometry. The aim
is to detect the specific areas of difficulty and
misconceptions students experience when studying
stoichiometry. The results of this diagnosis can serve as a
basis for instructors to improve their teaching practices.

Method

This type of research is descriptive research.
Descriptive research describes an event that occurs at
present, as it is at the time the research is carried out

(Ramdhan, 2021). The subjects of this study were 73
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students of UIN Mataram. Consisting of 26 students
from general high schools, 43 from Islamic high schools,
and 4 from vocational high schools. The sampling
technique was saturated sampling and purposive
sampling. It is said to be saturated sampling because all
populations are research samples. It is said to be
purposive sampling because the selection of samples
with certain considerations, namely, all students who
have studied the chapter on stoichiometry.

The instrument used in this study was a diagnostic
test. The test is in the form of a description with 10
indicators. The indicators are arranged by analyzing the
material so that they are sufficient to represent all the
material in stoichiometry. The test is arranged based on
diagnostic objectives, namely, the difficulty level is
neither too low nor too difficult. Before the test
instrument is used, the instrument is first tested for
validity by an expert who is a chemistry lecturer. The
analysis technique used is a descriptive quantitative
analysis technique. How to calculate the percentage of
question scores using Formula 1

% score = total St‘:ore obtained x 100% (1)
maximum score
(Arikunto, 2021).

Next, the % score obtained is linked to Table 1 to
determine the students' learning difficulties.

Table 1. Learning Difficulty Criteria
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The research procedure carried out can be seen in
Figure 1

. Determining the D eveloping test
Analyzing 1 instruments and
: = | indicators for the > ‘
the issue 1. conducting
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7 |
Distributing : )
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Figure 1. Research design flow
Result and Discussion

The following presents the results of the analysis of
the diagnostic test answers for the stoichiometry
material given to students. More details can be seen in
Table 2.

Table 2. Description of Stoichiometric Diagnostic Test
Values

Description General high Islamic high Vocational high

schools schools schools
N (total) 26 43 4
Highest score 95.5 92 31.5
Lowest score 20.5 17 135
Average score 50.04 43.63 20
% score 41.7 (medium) 36.4 (high) 16.7 (very high)
Standard 156 145 6.7
deviation

% Score Interpretation of Learning Difficulties
0% -20% Very high
21% -40% High
41% - 60% Medium
61% -80% Low
81% -100% Very low

(Arikunto, 2021)

Meanwhile, the results of the analysis of the
difficulty of each indicator can be seen in Tables 3, 4, and
5. The diagram of the level of difficulty between students
from general high schools, Islamic high schools, and
vocational high schools can be seen in Figure 2.

Table 3. Level of Learning Difficulties among High School Students

. General high schools Islamic High Schools  Vocational High Schools

Indicators - P P
% score Criteria % score Criteria % score Criteria

Kn0w1ng the nomenclature .of compounds 36 Very low 31 Very low 48 Medium
from various types of chemical compounds
Writing chemical reactions based on the
names of the compounds and their reaction 55 Medium 51 Medium 50 Medium
phases
Balance the reaction equation correctly 56 Medium 21 High 19  Very high
Explaining the basic laws of chemistry 61 Low 60 Medium 56 Medium
Analyze and prove one of the basic laws of 8 High 35 High 20  Very high
chemistry
Applying Gay Lussac and Avogadro's laws in . . .
chemical calealations 20  Very high 14 Very high 0 Very High
Applylr}g the mole concept in chemical 4 High 32 High 16  Very High
calculations
Determining the empirical formula and 40 High 35 High 0 Very High

molecular formula of a compound
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. General high schools Islamic High Schools  Vocational High Schools

Indicators S P 3 - o o
% score Criteria % score Criteria % score Criteria
Applying the mole concept in chemical . . .
calculations involving limiting reagents 17 Very high 17 Very High 0 Very High
Determining the formula of hydrate 23 High 8 Very High 0 Very High
compounds
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Figure 2. Diagram of Student Learning Difficulty Levels

The difficulties experienced by students in
completing each indicator of the stoichiometry
diagnostic test are almost the same for students from
high school and Islamic high school. While students
from vocational high schools are far behind. For the
compound nomenclature indicator, the level of
difficulty is very low, but quite high for those from
vocational high school. Students can already write the
names of chemical compounds well. The mistake that is
often made is that some students have not been able to
distinguish the nomenclature of metal-nonmetal
compounds and nonmetal-nonmetal compounds. Many
give names with the same rules to the two types of
compounds.

The next indicator is writing a complete chemical
reaction with its phase, which has a fairly high level of
difficulty. Common mistakes made are writing the
wrong chemical compound formula from the given
compound name, and almost all do not write the
reaction phase. This shows that students need to be
given a deep understanding of the formation of
compounds from their ions. The difficulty of these two
indicators is the same as the results of Noorarnie et al.'s
research, which states that there are still 33% of students
who do stoichiometry problems incorrectly due to errors
or not understanding the concept (Noorarnie et al.,
2019).

The difficulties experienced in the material
indicators of the basic laws of chemistry are proving
formulas and not being able to understand the initial
information to be entered into the correct formula. Some
students can solve the calculation problems, but cannot

apply the calculation results to the correct chemical law.
In the application of Gay Lusac and Avogadro
calculations, there are still many who cannot solve the
problems. The level of difficulty in these basic chemical
laws is categorized as quite high to very high. This
shows that there are still many students who focus more
on algorithmic understanding without understanding
the concept first, which also states that 54% of students
are still wrong in concluding the results of stoichiometric
calculations (Anugrah, 2019; Noorarnie et al., 2019).

The difficulty in calculating the mole concept is that
students still have difficulty choosing the right formula
according to the information provided. Many use the
one mole concept formula even though the information
provided is different. Likewise, with determining the
empirical formula and molecular formula. The use of the
mole concept in calculating empirical formulas and
molecular formulas is not understood by students. This
is also because students do not write down information
about what is known from the questions given, so
students use the wrong formula, and the numbers
entered are also wrong. The level of difficulty of this
material is classified as high to very high. The difficulty
in understanding and completing mole concept
calculations is still a problem for students (Susanty,
2022).

The difficulty experienced in calculating the
limiting reagent is the lack of understanding of the initial
moles, reacting, and remaining. The preparation of
equivalent reactions and moles written at the beginning,
reacting, and students dominate student errors. So that
the next calculation is wrong. The level of difficulty of
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this material is very high. In solving the limiting reagent,
students still have difficulty determining the limiting
reagent for the reaction when some compounds are
added in excess (Sudirman, 2021).

The difficulty in calculating the hydrate compound
formula determines that almost all students do not write
the reaction of the formation of the hydrate compound.
So the next step of using the concept of moles and
Avogadro's law (the ratio of moles to coefficients) to
solve this problem is not been done. The level of
difficulty of this material is classified as high to very
high. In this case, students are still confused or do not
know the definition and relationship between
stoichiometric entities in general (Susanty, 2022).

By looking at the average scores, students from
high school have better mastery of stoichiometry
material compared to students from general high
schools and vocational high schools. The average score
of students from high school is 50.04; from Islamic high
schools, it is 43.63, and from vocational high schools, it
is 20. The maximum score of this test is 120. Thus, by
calculating the % difficulty of the questions in each
category, students from national high school have a %
difficulty of 41.7% (categorized as moderate), students
from Islamic high schools have a % difficulty of 36.4%
(categorized as high), and students from vocational high
schools have a % difficulty of 16.7% (categorized as very
high). Students from vocational high schools cannot
even answer questions about the concept of moles,
empirical formulas & molecular formulas, and the
determination of hydrate salts. Thus, it can be said that
students from vocational high schools are very far
behind the others.

Differences in students’” mental characteristics
across Senior High School, Islamic Senior High School,
and Vocational High School are influenced by the
structure of their respective curricula. Students in SMA
and MA focus on academic and theoretical aspects,
which tends to foster analytical and critical thinking
skills as well as an orientation toward higher education.
In contrast, students in SMK are oriented toward
technical and vocational skills, making them more
accustomed to practical problem-solving and direct
workforce preparation (Permendikbudristek, 2024;
Ariansyah et al., 2024).

Chemistry in SMK is categorized as a vocational
subject, with its instructional time adjusted based on the
needs of each vocational program. It may be delivered in
time blocks or alternative formats, which often results in
limited instructional hours or, in some programs, the
absence of chemistry instruction altogether. Meanwhile,
chemistry is a compulsory subject in the natural sciences
(IPA) track at SMA and MA (Permendikbudristek, 2024).
As a result of these differences, SMK students receive
less foundational knowledge in chemistry compared to
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their SMA and MA counterparts. This leads to a weaker
grasp of basic chemical concepts among SMK students.
These learning difficulties often stem from a lack of
prerequisite skills—skills that must be mastered before
advancing to more complex competencies. Prerequisite
skills are essential for continued learning, as they
support cognitive, social, and personal development
(Nasihudin & Hariyadin, 2021).

In general, learning difficulties in stoichiometry
material that are still relatively high are caused by two
factors, namely internal factors and external factors.
Internal factors are caused by interest, motivation,
learning habits, and intellectual. While external factors
are caused by the way teachers and lecturers teach
(Hakim et al., 2024). Students still have many difficulties
in understanding formulas and how to use them.
Students generally only memorize formulas without
understanding the basics. So when given questions with
different types, they will definitely have difficulties. This
is related to Piaget's cognitive scheme or cognitive
structure. According to Piaget, the process of absorbing,
processing, and storing messages that are well
organized will affect children's memory. If an error
occurs, it will damage mental representation and
become a barrier to the formation of subsequent mental
structures. The better the cognitive structure carried out
by the child, the more established the child's mastery of
the learning material that has been mastered.

A differentiated instructional strategy is needed to
accommodate students' varying levels of prior
knowledge. Differentiated instruction is an effective
teaching approach that offers multiple ways for students
to access and understand information. This
differentiation encompasses content, process, product,
and learning environment. These aspects of
differentiation are closely tied to students’ readiness,
interests, and learning profiles (Mahfudz, 2023; Amalia
et al., 2023). Differentiated instruction can serve as a
strategy for teachers to meet the diverse needs of
students in chemistry learning (Wahyuningsari et al.,
2024), and it can enhance chemistry teachers' knowledge
and confidence in improving student learning and
engagement (Fahyuddin et al, 2024). When
implemented properly, differentiated instruction
becomes an ideal approach to learning, although it poses
a challenge for teachers and lecturers to serve as creative
facilitators in the classroom.

In the context of stoichiometry, differentiated
instruction can be applied in the following ways: a)
Content: The material should align with students” levels
of understanding, including structured assignments and
remedial instruction for students from vocational
schools; b) Process: Teaching methods should
accommodate all learners through the use of models

such as Problem-Based Learning (PBL), discovery
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learning, blended learning, and peer tutoring (Tanjung
et al, 2023; Laumarang et al, 2023); c) Product:
Assessment should go beyond written tests and include
formats such as portfolios and essays; d) Learning
Environment: Study groups should be composed of
students from diverse educational backgrounds and
actively supervised by the lecturer.

Conclusion

Based on the results of the research and discussion,
it can be concluded several things in this study,
including: 1) the difficulty of learning stoichiometry
material for UIN Mataram students is still relatively
high, as evidenced by the % score obtained by each
category, namely students from general high schools of
41.7% (moderate difficulty), students from Islamic High
Schools of 36.4% (high difficulty), and students from
vocational high schools of 16.7% (very high difficulty).
2) the level of difficulty in learning stoichiometry for
students from general high schools with a very high
category lies in two materials, namely: the application of
Gay Lusac's law calculations and Avogadro's hypothesis
with a % score of 20%, and the application of the mole
concept involving limiting reagents with a % score of
16.82%. 3) The level of difficulty in learning
stoichiometry for students from MA with a very high
category lies in three materials, namely: application of
Gay Lusac's law calculation and Avogadro's hypothesis
with a score of 13.78%, application of the mole concept
involving limiting reagents with a question of 16.56%,
and determining the compound formula with a score of
7.5%. The level of difficulty in learning stoichiometry for
students from vocational high schools with a very high
category lies in seven materials, namely: a) writing
reaction equations with a score of 18.75%, b) balancing
reactions with a score of 20%, c) proving the basic laws
of chemistry with a score of 20%, d) application of Gay
Lusac's law calculation and Avogadro's hypothesis with
a score of 0%, e) determining RE and RM with a score of
0%, f) application of the mole concept in limiting
reagents with a score of 0%, and g) determining the
formula of hydrate compounds with a score of 0%. 4)
The results of this study support the implementation of
differentiated instruction in higher education, across
content, process, product, and learning environment, in
order to meet the diverse needs of students and achieve
the intended learning outcomes
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