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Introduction

Abstract: This study aims to describe meaningful learning in basic chemistry
practicum of chemistry education students of FKIP UNTAN. The method
used in this research is quantitative descrptive method. Quantitative data
were collected using Meaningful Learning in the Laboratory Instrument
(MLLI) instrument to measure students’ affective and cognitive experiences
after learning in the laboratory. This study also used interview guidelines to
collect more in-depth information about meaningful learning experiences for
chemistry education students in basic chemistry practicum courses. This
study involved 51 first semester students of Chemistry Education of FKIP
UNTAN who had completed basic chemistry practicum courses, laboratory
heads, laboratory assistants,and lecturers teaching basic chemistry practicum
courses. The results showed that all aspects were rated as good. With
percentage scores of 67 % for affective aspects, 75 % for cognitive aspects, and
67% for affective-cognitive aspects, resulting in an overall average score
percentage of 72%. Based on these findings, it shows that first semester
chemistry education students have achieved good meaningful learning
trough their learning experiences in basic chemistry practicum.

Keywords: Affective; Cognitive; Critical thinking; Practicum method; Student
ability

learn chemistry which is abstract and tiered, practicum
is needed as a supporting tool in delivering material to

Chemistry is part of natural science that is obtained
and developed based on experiments to find answers to
questions what, why, and how about natural
phenomena, especially those related to the composition,
structure, abstract properties, transformation, dynamics,
and energetics of substances (Kemdikbud, 2016). In
chemistry, the ability to master basic concepts is needed
because the concept of learning chemistry is abstract and
tiered so that it must be fulfilled to learn many concepts
at a higher level (Armalasari, 2017). In the learning
process, many aspects affect the quality of a learning
process. One important aspect that gives a big influence
is the use of learning media that is in accordance with
the characteristics of students (Abadi, 2016). Gasong
(2017) states that teaching and learning is an educational
activity (Sapulete et al., 2023). To support the ability to
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students (Yanti & Sutrisno 2024). This is in line with the
results of research by Mamlok et al. (2012) which shows
that practicum activities have an important role and
benefits in the science curriculum (Pratama & Rohaeti,
2024). Learning objectives include the development of
aspects of attitudes, knowledge, and skills elaborated for
each unit of education (Basir et al., 2024). One of them is
practicum which plays an important role (Tommy et al.,
2024).

Practical activities are application activities of the
theories that have been learned to solve various
problems through experiments in the laboratory
(Wiratama & Subagia, 2014). Djamarah (2005) states that
the practicum method is a learning process in which
students are given the opportunity to experience
themselves or do it themselves, follow a process, observe
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an object, analyze, prove and draw their own
conclusions about an object, condition or process of
something, so that students can answer the question
"how is the process?" consisting of what elements, which
way is better, how can the truth be known, all of which
are obtained through inductive observation.

According to Nirmala et al. (2018) Practicum
activities consist of three main stages: pre-practicum,
core practicum, and post-practicum. Pre-practicum is a
preparatory stage carried out by students by studying
concepts and making work plans. The next stage is the
core activities carried out in accordance with the agreed
objectives and work design. This activity involves the
use of glassware, instruments, and materials with
varying levels of safety and risk. The last stage is post-
practicum to analyze data analysis of experimental
results to obtain appropriate conclusions. This
practicum series is a learning formulation that has been
considered effective, because it not only improves
students' conceptual and cognitive understanding, but
also forms technical skills such as manipulation,
observation, data collection, processing and analysis
(Mukti, 2018).

Basic chemistry practicum is one of the mandatory
practicums for Chemistry Education students of FKIP
UNTAN (Hadiwangsa et al., 2024). Basic chemistry
practicum is the first practicum course taken by
Chemistry Education students. In Basic Chemistry
practicum, basic things are taught such as providing
tools and materials, performing existing experimental
procedures, then compiling experimental reports
(Sutarno et al., 2017). Then Ericka et al. (2005) mentioned
that Basic Chemistry practicum activities are specifically
designed to help students develop various process skills
such as observing, classifying, measuring, using tools,
communicating results, analyzing, identifying variables,
formulating hypotheses, designing experiments and
conducting experiments.

Educators hope that students will be able to
understand more broadly the theory of Basic Chemistry
courses taught by educators. However, according to
experts, this hope has not been realized as it should be
(Kurniasih & Sani, 2015). The implementation has many
weaknesses, obstacles and gaps that occur. Among
them, there is no significant relationship between the
ability to understand concepts with experimental skills
and vice versa and this can occur in Basic Chemistry
courses is that the motivation of students to take part in
learning is still lacking, and the availability of facilities
and infrastructure is still limited in delivering abstract
material (Wahyudiati, 2016). An effective way is needed
to help students improve their understanding of
chemistry as a whole, understand the relationship
between concepts and experiments and the benefits of
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practicum in everyday life (Pratama & Sukasih, 2024). So
educators need to analyze the value of learning done in
the laboratory during practicum which makes learning
more meaningful (Asni et al., 2020). Kurniawati (2017)
said that meaningful learning acts as a measure of
cognitive, psychomotor and affective aspects in
students. The skill aspect (psychomotor) is an aspect
related to physical activities such as observing,
questioning, trying, reasoning, presenting and creating.
Physical activity can be realized by doing scientific
work, namely by carrying out practicum activities.

In line with the opinion of Hofstein (2014) states
that practicum makes learning more meaningful,
because students act directly in making observations on
their experiments. Meaningful learning acts as a
measure of cognitive, psychomotor and affective aspects
in students. According to Ausubel (1978) that
meaningful learning has benefits, namely, information
that is learned meaningfully is easier and longer
remembered and new information or new theories that
have been associated with previous relevant concepts
can improve students' understanding of concepts that
have been mastered so as to facilitate the teaching and
learning process for similar material later.

Although in laboratory activities students are
accentuated to develop hands-on skilss through
students acting directly in the practicum process and
making observations, there is no clear evidence-based
information regarding how important laboratory
activities are for students (Galloway & Bretz, 2015a;
Galloway & Bretz, 2015b). According to Talino (2022)
and Rakhmalinda (2024), so far the practicum has been
more oriented towards the development of psychomotor
aspects. Meanwhile, aspects such as cognitive, affective
and the integration of affective, cognitive and
psychomotor learning to provide meaningful learning
experiences for students are less considered (Galloway
& Bretz, 2015b). If laboratory activities are considered to
provide meaningful learning experiences as many
people assume, then research findings are needed to
prove the extent to which students gain meaningful
learning from these activities (Galloway & Bretz, 2015a).
Galloway et al. (2015b) attempted to fulfill this need
through the Meaningful Learning in the Laboratory
Instrument (MLLI). MLLI focuses on the concept that
true learning requires affective, cognitive aspects of
learners' thoughts and actions. Cognitive is the behavior
that emphasizes on the intellectual, such as knowledge
and thinking skills (Ridani & Arianingrum, 2024).
Affective emphasizes more on the feeling aspect, such as
interest and attitude. With this, MLLI on the basis of
meaningful learning realizes cognitive aspects or only
affective aspects in practicum, with several physical
activities such as observing, questioning, trying,

107



Jurnal Penelitian Pendidikan IPA (JPPIPA)

reasoning, presenting, and creating. The advantage of
this instrument is that it focuses on the affective and
cognitive aspects of students in the laboratory related to
practicum, which is known as meaningful learning in
the laboratory (Grove & Bretz, 2007).

Meaningful learning is a process of linking new
information to relevant concepts contained in one's
cognitive structure (Rahmah, 2013). According to Davis
(1993), learning is an active process of building
phenomena in the environment, connecting the
knowledge mastered with new knowledge, knowledge
will become meaningful when displayed in some
framework. According to Ausubel (1978) through
meaning, (1) science teaching is integrated with ethical
education; (2) the presentation of concepts/theories
does not stop until the understanding of concepts but is
interpreted so that students can see the connection
between what they learn and the norms and situations
of life which include technology, basic values of life,
society and the environment. According to Yamin (2007)
meaningful learning is an approach in managing the
learning system through active learning ways towards
independent learning. Meaningful learning occurs when
students play an active role in the learning process and
are ultimately able to decide what to learn and how to
learn it. According to Yekta et al. (2004), concept
mapping strategy can significantly improve memory
while learning and create meaningful learning.

According to Burhanuddin et al. (2010) there are
three benefits of meaningful learning, namely: (a)
Information that is learned meaningfully is easier and
longer to remember; (b) New information that has been
associated with previous relevant concepts can improve
previously mastered concepts so as to facilitate the next
teaching and learning process to provide similar lessons;
(c) Information that has been forgotten after having been
previously mastered still leaves a mark so as to facilitate
the teaching and learning process for similar subject
matter even though it has been forgotten. Meanwhile,
according to Mukthi (2018) meaningful learning using
the practicum method is very good in developing
meaningful experiences because the practicum method
is a method or method in which the teacher and students
together do an exercise or experiment to find out the
effect or effect of an action. Sumiati et al. (2007) say that
practicum provides opportunities for students to
conduct their own experiments on the process in
question. There is an independent opportunity for
students to conduct experiments so that students can
prove and witness curiosity about the theory with a
specific purpose. The purpose of meaningful learning
with the practicum method is to improve students'
affective, cognitive, and psychomotor abilities (Putra et
al., 2021).
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Method

The type of research conducted is descriptive
quantitative which has the aim of describing Meaningful
Learning in Chemistry Education Students of
Tanjungpura University class of 2023 in Basic Chemistry
Practicum. Quantitative descriptive research aims to
describe the condition as it is using size, numbers, or
frequency (Sukmadinata, 2006, Diannisa et al., 2023).
The location in this study was at the Faculty of Teacher
Training and Education, Tanjungpura University with
research subjects as many as 51 students in the first
semester of Batch 2023 of the Chemistry Education
Study Program, FKIP, Tanjungpura University and a
number of interview respondents, namely 2 lecturers
teaching basic chemistry practicum courses, 1 head of
the chemistry laboratory, 8 laboratory assistants, and 12
students who were divided into 4 people with the
highest final score, 4 people with the middle final score,
and 4 people with the lowest final score in basic
chemistry practicum.

In collecting data in this study using an instrument
in the form of MLLI assessment instrument developed
by Galloway et al. (2015b) to measure meaningful
learning that focuses on affective and cognitive aspects
of students, where each question has been adapted to the
concept of basic chemistry practicum. This MLLI
consists of 30 questions divided by 8 questions with
affective aspects, 16 questions with cognitive aspects,
and 6 questions with affective-cognitive aspects,
equipped with a 5-point Likert scale (Strongly disagree
=1, Disagree = 2, Neutral = 3, Agree = 4, and Strongly
agree = 5). Before being used in this study, the MLLI
assessment instrument was first validated by 3 experts,
including 2 language experts namely English lecturers
FKIP UNTAN and 1 content expert namely FMIPA
UNTAN lecturer.

The second instrument is an interview guideline.
This interview guideline is used to obtain information
from respondents, namely lecturers, laboratory heads,
laboratory assistants, and representatives of students in
accordance with the assessment or point of view of the
basic chemistry practicum carried out. Of the four
groups of respondents, 5 questions each were given
according to their understanding or role in basic
chemistry practicum. For interview guidelines have
been validated by 2 lecturers of Chemical Education
FKIP UNTAN.

After obtaining data based on the MLLI assessment
instrument, the results of participant responses will be
calculated and recapitulated using the formula:

P =Lx100% 1)
n
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Description:

P = persentage

F = score obtained
n = maximum score

Then, after obtaining the results of the participant
response count, it will then be grouped into several

criteria in table 1.

Table 1. Percentage Criteria for Meaningful Learning

Percentage (%) Meaningful Learning Criteria

0-20 Very Less
20.1-40 Less
40.1-60 Enough
60.1-80 Good
80.1-100 Very good

The research flow chart is presented in Figure 1
below.

Preliminary studies

\ 4

Adaptation of MLLI
Assesment Instrument

Research Instruments Validation
Formulation of
Interview Guideline
Data collection

\ 4

Data analysis

\ 4

Withdrawl of
Conclusion

Figure 1. A research flow chart
Result and Discussion

The data obtained in this study are the results of the
MLLI assessment instrument and interviews, the
research information will be displayed in the description
below:

Recapitulate  Meaningful
Instrument (MLLI)

From 51 students who filled out the MLLI
assessment instrument, a distribution diagram of the
average score distribution per aspect was obtained as
presented in Figure 2. The data in Figure 2 is obtained
from the calculation of students based on the answers to
the statements that have been given, totaling 30
statements, including 1 for strongly disagree, 2 for
disagree, 3 for neutral, 4 for agree and 5 for strongly
agree. As for the 30 statements with a total maximum
score of 150, it contains 8 affective aspect statements with
a total maximum score of 40, 16 cognitive aspect

Learning in the Laboratory
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statements with a total score of 80, and 6 affective-
cognitive aspect statements with a total maximum score
of 30. Each aspect is in the good category, then seen from
figure 1 in the affective and affective-cognitive aspects
get the same percentage of 67%. Where the affective
aspect focuses on statements that contain attitudes or
emotions from students. It can be concluded that the
percentage of cognitive aspects that focus on knowledge
is higher than affective and affective-cognitive aspects
that focus on attitudes.

80% 67% s 67 %
70% ’ ’
? 6000
2
< 50%
g 40%
£ A
% 30%
~ 20%
10%
0%
Affective Cognitive Affective-Cognitive
Aspects

Figure 2. Data distribution diagram of MLLI results of basic
chemistry practicum

The existence of new methods applied in practicum
which aims to hone critical thinking (Purwaningsih et
al., 2025) or student knowledge in solving problems is
one of the factors that cause cognitive aspects to be
higher than affective and affective-cognitive aspects.
One of them is by using the Problem Based Learning
(PBL) method. The results of the interview obtained
information that this method was designed by the
lecturer teaching the Basic Chemistry Practicum course
itself, this can be described from the statement of the
lecturer and laboratory assistant as follows: "we
designed a new method that had never been done before
during practicum, namely the PBL method in several
experiments" and "we applied the PBL method to several
existing experiments designed by the lecturer of the
basic chemistry practicum course". According to
Robiyanto (2021) PBL is very instrumental in sharpening
critical thinking in students, the existence of this new
method is what causes the cognitive or knowledge
aspects of students to be superior to their affective
aspects.

Students are still lacking in attitudinal or emotional
aspects during practicum, where attitudes or emotions
are the basis of their confidence or confidence when
doing practicum. The results of the interview obtained
information that students feel unsure of their abilities,
this can be described from the statement of the
respondent who is one of the 1st semester students with
the final score of the practicum getting a medium
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category as follows: "As far as I have done and the
abilities I have, I have never been and feel unable to try
to apply my abilities". It can be seen that students are
indeed weak in affective aspects. What needs to be
improved or events that must be carried out by lecturers
or laboratory assistants to improve the affective aspects
of students.

From the percentage of all aspects when combined,
the average is 72% which is included in the good
category, this has shown that meaningful learning in
practicum in the Chemistry Education Study Program is
sufficient, it just needs to be improved in the affective
and affective-cognitive aspects. In line with research
conducted by Asiyah et al. (2021) which states that there
is an effect of problem-based learning models on
students' cognitive abilities which causes too prominent
an aspect, namely cognitive.

Comparison of Meaningful Learning in Both Classes (A1 and
A2)

The data below are the results of the MLLI
questionnaire comparison in the basic chemistry
practicum of Chemistry Education students in classes
Al and A2 as presented in Table 2.

Table 2. MLLI Distribution Table of A1 and A2 Classes
(Na1 =26, Na2 = 25)

Average Percentage (%)

Aspects Al A2
Affective 68 67
Cognitive 75 75
Affective - Cognitive 67 68

Table 2 shows the average comparison of affective,
cognitive, and affective-cognitive aspects between class
A1l and class A2. The affective aspect of class Al subjects
is 1% greater than the affective aspect of class A2. For
cognitive aspects, classes Al and A2 have the same
value, for affective-cognitive aspects, class A2 is 1%
greater than class Al.

Table 2 shows that the percentage of Al and A2
tends to be the same, although in the affective aspects
and affective-cognitive aspects both classes get a
percentage below 70% but both classes still get a good
category from the affective and affective-cognitive
aspects. In the cognitive aspect, it can be seen that both
classes have the same percentage and have a high
percentage among other aspects, this is due to the new
method developed by the lecturer, namely PBL, with
this PBL students become more critical (Robiyanto, 2021)
it is very important that students develop their critical
thinking skills as part of learning (Awaluddin et al,,
2024; Anisah & Nasrudin, 2025).

Many causes cognitive aspects are superior to other
aspects, namely the existence of structured assessments
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related to student knowledge during practicum. In this
affective and affective-cognitive aspect which is related
to attitude or self-confidence, there is no structured
assessment or benchmark in the value of this which
makes this affective aspect less considered in practicum.
This is also obtained from the results of interviews with
laboratory assistants who have a role in assessing
everything students do during practicum, can be
described from the statement of one of the laboratory
assistants as follows: "attitude is also assessed but there
is no rubric or benchmark in assessing this". From the
statement of the laboratory assistant, they also
participate in assessing or guiding students to be more
confident and not hesitate in practicum but in this case
there is no structured assessment carried out.

It is expected that this practicum not only pays
attention to cognitive aspects but also can develop
affective aspects. According to Bretz et al. (2013)
affective aspects are often neglected in practicum
activities. An overview of the laboratory head's
statement regarding his expectations for affective
aspects in the interview conducted as follows: "not only
cognitive and psychomotor skills are educated or
trained to practitioners but affective skills as well, the
affective or attitude of students is something that can
only be obtained in practicum. So later in practicum
activities can see the nature and character of friends for
that as practitioners and assistants to find the best
solution in dealing with unfavorable nature or
character". Based on the statement of the head of the
laboratory, many must play a role in improving this
affective aspect not only from the student himself but the
role of those in the laboratory including laboratory
assistants, laboratory heads, and practicum lecturers in
order to improve good meaningful learning in
practicum, especially in this basic chemistry practicum
because this is the first practicum conducted by
chemistry education students.

Meaningful Learning on Affective Aspects
The data below is the MLLI results data on student
affective abilities presented in Table 3.

Table 3. Affective Aspect Distribution Table (Na1 = 26,

Na2 = 25)

o Number of Participants Category
Range (%) Al A2
0-25 0 0 Not good
26-50 0 0 Enough
51-75 22 23 Good
76-100 4 2 Very good

Based on Table 3, it can be seen that the table
presents data on the results of affective abilities of
chemistry education students of FKIP Tanjungpura
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University. It was found that both A1 and A2 were more
dominant in the Good category, a little in the very good
category, and none of them were in the poor or sufficient
category. From what has been explained in Figure 2, this
affective aspect needs to be considered in order to
develop, especially in chemistry education study
programs. Affective aspects in laboratory activities are
often limited to teamwork and its relevance during
practicum (Bretz et al., 2013).

In this affective aspect or attitude, to find out the
ability of the students themselves, interviews were
conducted with the results obtained that students felt
worried about their performance or ability when
carrying out practicum. This can be described from the
statements of students who are in the minimum and
maximum final scores in the practicum as follows: "to
develop my own abilities I do not yet believe in my
abilities" and "there are some situations that make me
feel that the results of what I do are not right which
makes me less brave during practicum". It can be seen
from these statements, there is no difference between
students who have minimum and maximum scores
where both do not believe in the abilities they have or
tend to have a less confident attitude in this basic
chemistry practicum. According to Indriawati (2018)
that self-confidence or attitude from within students
towards their learning outcomes is one of the factors that
influence learning outcomes in the learning process, it is
hoped that those involved in basic chemistry practicum
can design ways or methods that can be used to increase
the confidence of chemistry education students.

Meaningful Learning on Cognitive Aspects
The data below is the MLLI results data on the
cognitive aspects of students presented in Table 4.

Table 4. Distribution Table of Cognitive Aspects (Na1 =
26, Na2 = 25)

o Number of Participants Category
Range (%) Al AD
0-25 0 0 Not Good
26-50 0 0 Enough
51-75 16 15 Good
76-100 10 10 Very good
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In this cognitive aspect, to find out the ability of the
students themselves, interviews were conducted with
the results obtained that students felt that their
knowledge had become wider because of this basic
chemistry practicum which helped them understand
what had been learned in the theory class. This can be
illustrated from the statements of students who are in
the minimum and maximum final scores in the
practicum as follows: "So far there are many concepts
that I have begun to know, especially about the
separation of mixtures". and "From this practicum I have
become more aware of chemical concepts or theories that
have been taught in class". This is in line with the
statement from the laboratory assistant who explained
about the purpose of the practicum itself, namely
developing student knowledge that has been obtained
when studying basic chemistry courses, which can be
described as follows: "this practicum aims to train
students in developing an understanding of the concepts
they know in learning theory in basic chemistry
courses'. In addition, there is a new method applied to
several experiments, namely PBL, which supports
sharpening students' knowledge and critical thinking in
solving problems (Robiyanto, 2021). With this PBL
(Rizkiah et al.,, 2025) which applies the provision of
problems that will be solved by students themselves, it
directly hones students' thinking skills which support
the improvement of learning outcomes. This is what
makes the cognitive aspect get a high percentage.

Meaningful Learning on Affective-Cognitive Aspects
The data below is the MLLI result data on students'
affective-cognitive abilities as presented in Table 5.

Table 5. Affective-Cognitive Aspect Distribution Table
(Na1 =26, Na2 = 25)

Number of Participants Categor
Range (%) Al p AD g1y
0-25 0 0 Not good
26-50 1 0 Enough
51-75 21 21 Good
76-100 4 4 Very good

Based on Table 4, it can be seen that the table
presents data on the results of cognitive abilities of
chemistry education students FKIP Tanjungpura
University. It is found that both A1l and A2 are more
dominant in the Good category and the very good
category and none of them are in the not good or
sufficient category. With the number of participants in
the excellent category, this is what makes the percentage
of cognitive aspects higher than affective and affective-
cognitive aspects as shown in Figure 2.

Based on Table 5 above, it can be seen that the table
presents data on the results of the cognitive abilities of
chemistry education students of FKIP Tanjungpura
University. It was found that both A1 and A2 were more
dominant in the Good category, a few in the very good
category and there was only 1 student who was in the
sufficient category. The existence of participants who are
in the sufficient category and at least in the excellent
category makes the percentage of affective-cognitive
aspects unable to be above 70% as shown in Figure 2.

In this affective-cognitive aspect, it can be seen that
both classes tend to be in the 51%-75% range. The

111



Jurnal Penelitian Pendidikan IPA (JPPIPA)

percentage shows that the average affective-cognitive
ability is 21 subjects, apart from the data above to find
out the ability of students in this affective-cognitive
aspect, interviews were conducted with students who
were at the minimum and maximum scores. Each of the
Al and A2 classes at the minimum score stated that this
basic chemistry practicum gives students the
opportunity to connect what they know or learn in
theory with what they practice in the real world. This
can be described as follows: "basic chemistry practicum
often provides opportunities for students to connect the
concepts learned with real world situations" and "can
directly practice what we get in theory and practicum" .
It can be seen from the statements of representatives of
students where both of them even though they have low
scores but still feel that their knowledge has increased
and their attitude is confident with the practicum. From
several subjects who got a high percentage, interviews
were conducted with subjects who got the maximum
score from each class. With the following description: "in
practicum we not only understand the theory, but also
involve ourselves directly with experiments and apply
the principles in real life" and "With practicum we can
also observe and connect chemical phenomena that
occur directly in everyday life" from the responses of
both Al and A2 it was found that both A1 and A2 felt
that their affective-cognitive aspects could be developed
because they could connect the concepts learned with
situations in the real world.

Affective is interest, which is understood
analytically as an emotional schema but in reality also
includes a cognitive dimension. This means that interest
can be changed and developed over time as new
knowledge is acquired, allowing a shift from situational
interest to individual interest (Hidi & Renneinger, 2006).
The cognitive and affective components of attitude
partly determine behavioral intention, which is the
direct motivating factor for the behavior itself.
Behavioral intention is thus seen as a direct result of
these two dimensions of attitude (Svenningsson et al.,
2022).

Conclusion

This study describes that Chemistry Education
students in the first semester of class 2023 achieved
meaningful learning with a good category in the Basic
Chemistry practicum, with an affective aspect
percentage of 67% with a good category, a cognitive
aspect percentage of 75% with a good category, and an
affective-cognitive aspect percentage of 67 % with a good
category. The overall percentage of aspects is 72% with
a good category. These findings explain that meaningful
learning in the laboratory can be achieved not only
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depending on cognitive abilities, but also how students'
ability to respond emotionally. So, in the learning
process in the laboratory, educators must pay more
attention to the integration of cognitive and affective
aspects to improve the quality of student learning
experiences and create more meaningful learning.
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