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Abstract. The VC-MER learning strategy is a student activity-based and student-
centered learning strategy collaborated with problem-based learning in chemistry
learning. The purpose of this study was to determine whether the VC-MER learn-
ing strategy can improve students’ learning activities. This research is a class
action research. The participants of this study were 124 students from the chem-
istry department and pharmacy department who took the analytical chemistry
course. The results showed that increased student activity observed problems and
gave predictions, discussed problems in small groups, clarified facts and identi-
fied problems, developed ideas and arguments based on prior knowledge, deter-
mined problem-solving action plans, became active investigators in experiments,
collected data and literature studies including library databases, web sources, and
observations, students presented their findings, and expressed opinions on the
presentations made. The implication is that the VC-MER learning strategy can
increase student activity.
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1 Introduction

Analytical chemistry is the science of qualitative and quantitative chemical analysis.
All fields of chemistry use analytical chemistry principles and techniques to gather
qualitative and/or quantitative data about chemical systems of interest. Similarly, break-
throughs in other fields of science (for example, materials science) drive the develop-
ment of new analytical methods and procedures. The current undergraduate analytical
chemistry course curriculum teaches the fundamental principles and methods of chemi-
cal analysis, with a focus on laboratory practice in which students quantitatively prepare
and analyze samples using various ’wet chemistry’ methods (such as gravimetric and
volumetric titrations) and instrumental methods (such as spectrophotometry, electro-
chemistry, and chromatography) [17, 20].

Analytical chemistry, as a course, remains both tough and vital in the curriculum
[14]. Students must understand the working principles of analytical procedures and an-
alyze and collect quantitative data using a variety of methodologies. The ability to con-
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duct precise and accurate analyses is essential for ensuring product quality and compli-
ance with regulatory standards [6]. As a result, it is critical that students not only receive
appropriate instruction but also understand the nature, benefits, and uses of these strate-
gies [20, 11]. Indeed, classes in analytical chemistry establish the framework for future
laboratory work, which will continue throughout the study program and beyond. Thus,
it is critical that the information presented is appropriate and that students participate in
the course sufficiently to recall essential aspects and apply them practically [16].

Gorontalo State University’s analytical chemistry program covers molecular spec-
troscopy (UV-VIS, IR, NMR, MS), atomic spectroscopy (AAS, AES, AFS, ICPES),
and integrated analysis techniques (HPLC/HPLC-AAS, GC/GC-MS). Interviews with
three analytical chemistry teachers found that students have difficulty understanding
both molecular and atomic spectroscopy. This challenge is confirmed by student re-
sponses from interviews, which show that a lack of student participation in the learning
process is the primary culprit. The low amount of pupil involvement during the learning
process causes them to soon feel bored.

Lecturers are critical to the learning process’s effectiveness because their key du-
ties include learning design, management, and evaluation [18]. Student participation in
learning activities is vital. Learning activities must also be created during the learning
process to make the learning experience more meaningful. Active student participa-
tion in learning activities improves the learning process significantly. Optimal learning
activities demonstrate that the learning process is effective and efficient, resulting in
higher-quality education. When students participate actively in the learning process,
they can attain the best learning outcomes.

Previous study has demonstrated that the cultivation of learning methods might en-
hance students’ overall scientific proficiency in comprehending conceptual information.
The creation of the VC-MER learning approach is supported by the perspectives of
other researchers.

1.1 Visualization

Visualization entails the depiction of shapes by visual means, such as graphics, dia-
grams, tables, text, or other observable methods. Visualization is a crucial aspect of
education as it facilitates the transmission of knowledge from the teacher to the learner
[8].

Barron and Ivers (2002) define multimedia as the utilization of diverse forms of
media, including text, graphics, animation, video pictures, and sound, to communicate
information. Visualization aids in externalizing thoughts, enhances memory, and pro-
motes information processing [10]. A study conducted by Abate et al. (2022) demon-
strates that the utilization of visualization techniques in conjunction with problem-based
learning methods has a substantial impact on enhancing students’ attitudes [1]. A study
conducted by Aiman (2019) found that using instructional videos can improve students’
learning outcomes in electromagnetic wave materials and their engagement with the
videos. The N-gain value reveals that the experimental class (0.72) fared better than the
control class (0.61) [2]. Endriani et al. (2018) employed instructional videos as a means
of assessing the critical thinking abilities of pupils. The survey showed that 13.3% of
students were less critical, 60% were moderately critical, 20% were critical, and 6.67%
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were highly critical. Learning becomes effective since students can take notes on the
videos and provide feedback. The roles and functions of images in learning are: (1)
providing physical references for ideas, (2) making abstract ideas concrete, (3) encour-
aging learners, (4) directing attention, (5) repeating information in different formats, (6)
recalling past learning, and (7) lowering learning effort [5].

1.2 Collaboration

Collaboration skills are vital for overcoming students’ problems in learning chemistry
[9]. Problem-based learning is founded on the premise that student learning processes
integrate the ability to collaborate with others [18, 4]. Ballantine and McCourt Larres
(2007) claim that development cannot be divorced from the social setting, and collab-
oration is necessary for students to obtain strong academic achievement in problem-
solving. According to Howe (2006), a notion cannot be developed without social con-
tact [19].

1.3 Modelling

According to Bandura (1977) in Moreno (2010), modeling involves four processes:
(1) attention, where students are given attention to provoke cognitive conflict with
interesting information or phenomena, acting as a stimulus, (2) retention, where stu-
dents remember observed behaviors to replicate them in the future, storing them in
long-term memory, (3) production, where students are given opportunities to practice
with feedback from the instructor, and (4) motivation, where students apply what they
have learned for further development. Modeling allows students to visualize concepts
through visuals or simulations [4].

1.4 Explaining

According to Taniredja (2015), Student Facilitator and Explaining is a learning ap-
proach where students offer ideas/opinions and acquire confidence to produce work
exhibited to their peers (Tukiran et al., 2015). According to Huda (2014), the explain-
ing mode method encourages students to repeat professors’ explanations, drives them
to be the best in explaining the subject matter, and tests students’ ability to transmit
concepts [7].

1.5 Report

Ohora (2007) says that the findings of modeling should be written, either qualitatively
or quantitatively. According to Keeling et al. (2009), writing questions can assist learn-
ers focus attention and boost knowledge. Vacca (2009) claims that student motivation
increases with interactions between lecturers and students and among students in com-
pleting tasks. Student compositions and reports receive comments from lecturers [12].

The research on the VC-MER (Visualisation, Collaboration, Modelling, Explaining
Mode, Report) learning strategy is crucial as it transforms student activities in chemistry
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learning by promoting active engagement, critical thinking, and collaborative skills.
This comprehensive approach integrates visual tools, teamwork, model creation, and
scientific reporting, which enhances students’ understanding of complex chemical con-
cepts and fosters higher-order thinking. By aligning with modern educational standards
and constructivist learning theories, the VC-MER strategy not only improves learning
outcomes but also prepares students with essential 21st-century skills, making it a valu-
able pedagogical innovation in chemistry education. One endeavor to increase student
learning activities is by employing the VC-MER learning approach. Therefore, this
study intends to promote student activities in learning through the VC-MER learning
approach.

2 Method

2.1 Research Design

Classroom Action Research aims to improve the quality of learning and focuses on
classroom activities [15]. This research is collaborative or cooperative in nature. Col-
laborative Classroom Action Research is a model designed and conducted by lecturers
[13].

2.2 Participants

The participants in this study were 124 students from the State University of Gorontalo
who were taking the Analytical Chemistry course.

2.3 Research Procedure

The Classroom Action Research procedure consists of two cycles, each comprising
four stages: planning, action implementation, observation, and reflection. If the first cy-
cle does not successfully show an improvement in student activity, the intervention will
continue with the second cycle as an improvement until the goal is achieved. Before the
stages in cycle I, an initial reflection/observation activity is conducted to identify prob-
lems through the observation of learning activities. The following is the cycle model of
Classroom Action Research according to Arikunto (2022) [3] shown in Figure 1.

2.4 Research Instruments

An observation sheet for student activities during learning is used as a guideline to
observe student activities within predetermined time limits. Student activities are ob-
served by observers every 3 minutes during 2 × 50 minutes of learning (each session).
The observed student activities include: (1) Paying attention and listening to the lec-
turer’s explanation, (2) Observing problems and making predictions, (3) Discussing
issues in small groups, (4) Clarifying facts and identifying problems, (5) Developing
ideas and arguments based on previous knowledge, (6) Determining problem-solving
action plans, (7) Acting as an active investigator in experiments, (8) Collecting data
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Fig. 1. Classroom action research cycle

and literature studies including library databases, web, speakers, observations, (9) Stu-
dents presenting their findings, (10) Expressing opinions on presentations made and
responded to by presenting groups.

The technique used to collect data on student activity observations during the learn-
ing process is direct observation by the observers. Direct observation is carried out by
three observers by writing down the numbers of the categories that dominantly appear
every 3 minutes in the provided rows and columns on the observation sheet.

2.5 Data Analysis

The data on student activity observations during the learning process are then analyzed
and described. To find the average frequency of student activities during the learning
process, the following steps are taken:

1. The frequency of student activity observations for each indicator in one session is
determined, and the average frequency for three observers is calculated.

2. Calculating the percentage of student activity for each indicator by dividing the
average frequency of student activity in class by the average frequency of observed
student activity.

3. Describing student activities and outlining the development of student activities
during the implementation of the VC-MER learning strategy.

569VC-MER Learning Strategy



3 Result and Discussion

Student activities were observed by an observer every 3 minutes during the learning
activity. The results of the observation on ten types of student activities are presented in
Figure 2.

Fig. 2. Percentage of student activity observations in each learning activity

Activity description: (1) Paying attention and listening to the lecturer’s explana-
tion, (2) Observing problems and making predictions, (3) Discussing issues in small
groups, (4) Clarifying facts and identifying problems, (5) Developing ideas and argu-
ments based on previous knowledge, (6) Determining problem-solving action plans, (7)
Acting as an active investigator in experiments, (8) Collecting data and literature studies
including library databases, web, speakers, observations, (9) Students presenting their
findings, (10) Expressing opinions on presentations made and responded to by present-
ing groups. Based on the data in Figure 2, the following analysis can be provided:

(1) Activity 1 (paying attention and listening to the lecturer’s explanation) tends
to decrease from learning session one to learning session three. This occurs because
the learning strategy tested emphasizes more on students’ active participation in group
discussions to explore information through exploration activities. The provision of ex-
planations by lecturers is limited when students observe the given problems initially.
Students’ activity in this activity is also indicated by activities 3 (discussing issues in
small groups), 6 (Determining problem-solving action plans), and 7 (Acting as an ac-
tive investigator in experiments), which tend to increase from one learning session to
the next. Students’ activity in presenting ideas, thoughts, and opinions in activities 5
(Developing ideas and arguments based on previous knowledge), 9 (Students present-
ing their findings), and 10 (Expressing opinions on presentations made and responded
to by presenting groups) tends to increase from one learning session to the next. This
fact indicates that the developed learning strategy can cultivate students’ courage to
express opinions or concepts they already have.
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(2) Activities 2, 4, and 8, which are also manifestations of efforts to facilitate stu-
dents in observing problems and making predictions, clarifying facts and identifying
problems, as well as collecting data and literature studies including library databases,
web, speakers, observations, are at a high percentage and tend to increase from learning
session one to learning session two and then stabilize.

The VC-MER (Visualisation, Collaboration, Modelling, Explaining Mode, Report)
Learning Strategy transforms student activities in chemistry learning by incorporating
key elements that enhance understanding of chemical concepts. Visualization: Visual-
ization plays a crucial role in understanding abstract chemical concepts. Using visual
aids such as diagrams, graphs, and molecular models, students can conceptualize chem-
ical ideas more effectively. Collaboration: Collaboration allows students to learn from
each other. In the context of chemistry learning, collaboration can occur through group
discussions or group projects that require collaborative problem-solving. Modeling: The
use of models in chemistry learning helps students understand complex chemical phe-
nomena. Students can create models and simulations to understand concepts such as
atomic structure or chemical reactions. Explaining Mode: The ability to explain chemi-
cal concepts clearly is an indicator of strong understanding. By encouraging students to
explain concepts to classmates or teachers, this strategy reinforces student understand-
ing. Report: The process of reporting learning outcomes teaches students to organize
and present information systematically. Through this process, students can reinforce
their understanding of the chemical concepts they have learned.

Based on the results of the analysis of student activity data, it is obtained that the
implementation of the VC-MER learning strategy is effective in increasing active stu-
dent participation in learning. This indicates that the VC-MER learning strategy is a
student-centered learning strategy. Observations of student activities by observers indi-
cate that in general, the VC-MER learning strategy has been able to condition students’
activities to show behaviors relevant to the learning activities.

4 Conclusion

The VC-MER (Visualization, Collaboration, Modeling, Explaining Mode, Report) learn-
ing strategy can effectively enhance students’ activity in the Analytical Chemistry course.
Students can observe problems and make predictions, discuss issues in small groups,
clarify facts and identify problems, develop ideas and arguments based on prior knowl-
edge, determine problem-solving action plans, become active investigators in experi-
ments, gather data and study literature including library databases, web sources, speak-
ers, observations, present their findings, express opinions on presentations, and respond
to presentations by other groups.
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