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Abstract: Buffer solutions are an abstract topic in high school chemistry, while practicum is often constrained
by limited facilities and tends to be procedural rather than inquiry-based. Guided inquiry
worksheets have been developed for buffer practicums using eye drops and packaged foods, but how
students carry them out in a mouthwash context has not been examined. This study aimed to analyze
the implementation of a guided inquiry-based practicum on identifying buffer properties in
mouthwash, using a student worksheet in a limited-scale trial. A descriptive quantitative design was
applied to 12 eleventh-grade students from one class at SMA Pasundan 8 Bandung, divided into
four heterogeneous groups. Data were collected using two validated instruments, an observation
sheet and a scoring rubric for students' written worksheet answers, and analyzed as percentages
using established criteria. Implementation based on observation ranged from 75% to 100%, while
the quality of worksheet answers ranged from 81.25% to 100%, both in the good to very good
categories. Hypothesis formulation and variable identification scored lowest in observation.
Because the sample was limited to 12 students from a single class and learning gains were not
measured, the findings are preliminary and cannot be generalized.
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information, and reach conclusions supported
INTRODUCTION by evidence through these exercises (Mulia &
The rapid growth of scientific Murni, 2022). Supporting instructional
knowledge, globalization, and information materials, inc]uding Student
technology advancements present major Worksheets(LKPD), are necessary for the
difficulties for education institutions in the execution of practical tasks. These materials
twenty-first century. Students are therefore are intended to help and assist students during
required to acquire learning and creative skills the practical leamjng process (Lusiana et al,,
in addition to mastering knowledge (Arnyana, 2021 ).
2019). One teaching strategy that actively
involves students in the development of
applied skills, teamwork, and technology
adaptation is the use of practical activities
(Nuai & Nurkamiden, 2022). Students learn
how to develop hypotheses, evaluate

Despite the widespread development
and usage of student worksheets by educators,
a number of studies have found a number of
problems with their application in classroom
environments. Current student worksheets are
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frequently too short, which hinders students'
comprehension of the practical exercises and
leads to passive participation (Yase et al.,
2020). Furthermore, a lot of the student
worksheets that are currently available are
thought to be inadequately contextualized and
are mostly modified from pre-existing
worksheet templates (Luh et al., 2022). In
order to encourage meaningful learning and
develop scientific thinking abilities, they must
be revised (Rohmatika et al., 2025).
Additionally, it has been noted that teachers
underutilize student worksheets, which
restricts students' chances to practice critical
thinking and teamwork (Ningtiaz &
Suswanto, 2025). These results suggest that
the problem is not just the availability of
student worksheets but also how well they can
be used as intended.

Given the issues with student
worksheets that have not promoted active
student participation, it is essential to employ
student worksheets that directly involves
students in problem formulation, planning
investigations, and data analysis and
discussion in order to find solutions, with
educators serving as facilitators (Aryani &
Nana, 2020). Guided inquiry, which involves
students conducting investigations based on
problems, tools, and materials provided by
educators, is thought to be able to address this
issue. The investigation design is created by
students themselves (Masruhah et al., 2022),
allowing students to develop their own
understanding  through experience and
reflection (Pramana et al., 2024).

Through the creation of student
worksheets for buffering property
identification using commonplace items like
eye drops (Rizky, 2017) and packaged foods
(Inayati et al., 2023), guided inquiry has been
applied to a variety of chemistry topics,
including buffer solutions, and both have
received positive feedback. With a score of
90%, the student worksheet created in the
context of packaged goods in particular
showed a high degree of practicum
application (Inayati et al., 2023). These results
suggest that guided inquiry-based student

worksheets for the subtopic of buffering
property identification can be implemented
successfully across various material contexts
and yield workable instructional materials.
Sutiani & Maisyarah (2021) developed a
guided inquiry-based module on reaction rates
that was declared feasible, which supports the
potential of guided inquiry-based materials in
chemistry teaching.

However, there is still a disconnect
between the ideal circumstances outlined in
earlier research and the actualities of
classroom instruction. Despite the fact that
most chemistry teachers thought the subtopic
of buffering property identification was
important or very important for laboratory
education, preliminary needs analysis showed
that two out of five had never carried out
practical activities on it in their learning. This
disparity between the subtopic's perceived
significance and its restricted application is in
line with the nature of buffer solutions, which
are both extremely applicable and important
to daily life and theoretically abstract and
difficult. Thus, it is crucial to enhance
students' conceptual knowledge through
hands-on experiences (Sariati et al., 2020).
Instead of developing a thorough grasp of the
underlying concepts, pupils are more likely to
rely on rote recollection in the absence of such
reinforcement (Sariati et al., 2020).

Another gap lies in the context of the
materials used. Prior research  has
concentrated on things that are frequently
studied, like eye drops and packaged foods,
but it is preferable to have a more varied and
real-world setting that is directly connected to
students' daily experiences. Mouthwash may
provide buffering qualities in a setting that has
not been investigated in earlier research. A
weak acid and its conjugate base produce a
weak acid buffer system when benzoic acid
and sodium benzoate are combined in some
mouthwash  preparations.  Additionally,
mouthwash was seen by every respondent
who took part in the needs analysis as a
pertinent and suitable resource for hands-on
exercises meant to  improve  the
contextualization of buffer solution ideas.
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They also agreed that a guided inquiry-based
student worksheet for this subtopic is needed.
Moreover, previous studies on buffering
property identification have mainly reported
the development of such worksheets and their
overall level of implementation or
practicality. Beyond an overall
implementation score, this study examines
implementation stage by stage and compares
the participation observed in each group with
the quality of students' written worksheet
responses, in order to identify which guided
inquiry stages can be carried out readily and
which require additional teacher guidance. To
the best of our knowledge, such an analysis
has not been reported for a mouthwash
context.

Based on these considerations, a
guided inquiry-based student worksheet for
the practical activity on buffering property
identification in mouthwash was developed to
address these needs. However, the availability
of such a student worksheet alone is not
sufficient, it must also be successfully
implemented as planned. This is in line with
research ~ demonstrating  that  students
frequently rely only on laboratory instructions
during  chemistry  practical  exercises,
following each step by step without fully
comprehending the practicum's underlying
concepts. As a result, the existence of a
student worksheet does not guarantee that
guided inquiry objectives will be met until its
learning phases are completed in a meaningful
way (Rahayu & Sari, 2023).

Therefore, the implementation of the
guided inquiry stages in this practical activity
needs to be specifically evaluated through
classroom observations during the limited-
scale trial and through the assessment of
students' responses to the tasks included in the
student ~ worksheet.  The level of
implementation reflects the extent to which
the developed student worksheet can be
effectively carried out by students in the
classroom, rather than merely being validated
theoretically. This evaluation also determines
whether the designed practical activity
successfully avoids becoming a purely

procedural exercise without conceptual
understanding, as described previously.
Accordingly, analyzing the implementation of
the practical activity represents an essential
step before recommending the student
worksheet for broader use. Based on this
rationale, this study aims to analyze the
implementation of the Buffering Property
Identification in Mouthwash practical activity
using a guided inquiry-based student
worksheet through a limited-scale trial
involving 12 students from a single class at
SMA Pasundan 8 Bandung.

Specifically, this study addresses one
research question: How is the implementation
of the practical work, based on observation
and students’ answers, using the developed
guided-inquiry-based worksheet for the
practicum on identifying buffer properties in
mouthwash? To address this question, a
limited-scale trial of the developed worksheet
was conducted with students from one class.
Observation scores describe the proportion of
group members involved in each component,
so a lower score means a lower level of
implementation, whereas worksheet-answer
scores describe the quality of the groups’
answers, that is, their ability to complete each
task. This trial aimed to obtain an initial
overview of the implementation of practical
activities and students’ answers to the tasks
presented in the worksheet. Drawing on
Inayati et al. (2023), who reported a very high
level of implementation of a similar guided-
inquiry-based worksheet, this study expected
the developed worksheet to be implemented at
a good to very good level during the limited-
scale trial.

LITERATURE REVIEW
Practical Work

Any teaching and learning activity that
ultimately requires students to observe or
handle actual things and materials is
considered practical work, according to Millar
(2004). Based on its learning objectives,
practical work can be divided into three
categories and serves a variety of purposes in
science education:
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1. Type A: To assist students in gaining
a more comprehensive comprehension
of the natural world and the ways in
which science clarifies important
ideas, hypotheses, and models.

2. Type B: To instruct students on how to
operate scientific apparatus and/or
carry out standard scientific processes.

3. Type C: To teach students how to use
scientific procedures to explore topics,
such as organizing investigations,
gathering and analyzing data,
interpreting evidence to make
findings, and determining the validity
of those results.

Practical work is an integral part of the
learning process and cannot be separated from
chemistry education. Making practical work
more effective than traditional teaching
approaches is the challenge. Clearly
establishing learning objectives, carefully
assessing instructional needs, and creating and
implementing activities that motivate students
to reflect on the information they get and the
actions they take during practical work are all
necessary to achieve this (Millar & Abrahams,
2009).

Guided Inquiry Model

The guided inquiry learning model
enables students to engage in identifying
problems, formulating research questions,
developing hypotheses, collecting data,
verifying findings, and drawing conclusions,
while receiving guidance from the teacher
(Matthew & Igharo, 2013, as cited in Almira
et al., 2023). Unlike free inquiry, in which the
entire inquiry process is carried out
independently by students, guided inquiry
positions the teacher as a facilitator who
provides the problem, equipment, and
materials, whereas the investigation design
and the process of discovering solutions are
undertaken by the students themselves
(Masruhah et al., 2022).

Six sequential steps make up the
guided inquiry learning model, according to
Sanjaya (2008, as cited in Indawati et al.,
2021). In order to develop students' problem-

solving thinking abilities, the teacher puts
them at the center of the learning process at
the first stage, orientation. In the second
phase, known as problem formulation,
students create research questions based on
their past conceptual understanding and the
phenomena the teacher has presented. After
then, these research questions are
provisionally answered in the hypothesis
formation step, where students create
hypotheses based on what they already know
about the pertinent ideas.

To test the proposed hypotheses,
students conduct experiments during the data
collection stage. The experimental results are
then examined in the data analysis stage to
verify the hypotheses that have been
formulated. In the final stage, drawing
conclusions, students explain their findings
based on the experimental data and hypothesis
testing. These conclusions are subsequently
refined and validated through a review of
relevant scientific literature. In this study,
these six stages are broken down into 14
observed aspects (Table 2) and 11 worksheet
tasks (Table 3), so that each stage can be
followed in both data sources.

Student Worksheet

A Student Worksheet i1s an
instructional resource developed by teachers
to support students in  conducting
investigations or  solving  problems
(Romadhon et al., 2024). It also serves as an
important bridge between the theoretical
concepts taught in the classroom and the
practical experiences gained by students.
Beyond functioning as a technical guide, a
student worksheet is an instructional tool that
promotes meaningful, contextualized, and
student-centered learning (Nurjihan &
Bunawan, 2025). The development of student
worksheets requires careful planning, taking
into account several important factors. These
include the learning context, the quality and
complexity of the subject matter, the diversity
of students' learning needs, and the alignment
of the worksheet with the selected
instructional approach or learning model
(Nurjihan & Bunawan, 2025).
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Buffer Solutions

Brown et al. (2012) define buffer
solutions as solutions containing a conjugate
acid—base pair that resists significant pH
changes upon the addition of small amounts of
strong acid or base. Buffer solutions are
classified as acidic, consisting of a weak acid
and its conjugate base, or basic, consisting of
a weak base and its conjugate acid. Their
buffering mechanism involves the conjugate
base reacting with added acid and the weak
acid reacting with added base, thereby
reducing pH variations (Silberberg, 2007, as
cited in Dewi et al., 2021; Whitten et al., 2014)

Despite these established principles,
buffer solutions remain challenging for
students because understanding them requires
integrating macroscopic, submicroscopic, and
symbolic representations (Ulva et al., 2016),
as well as mathematical skills and conceptual
knowledge of chemical equilibrium and acid-
base chemistry (Istiana et al., 2015;
Panggabean et al., 2022; J. Purba & Siregar,
2020). These difficulties are reflected in the
prevalence of misconceptions: 47% of
students  held  misconceptions,  37%
understood the concepts correctly, and 16%
lacked conceptual understanding
(Nurhidayatulah & Prodjosantoso, 2018)..
Misconceptions concerning buffer definitions,
components, mechanisms, and pH
calculations have also been reported among
senior high school students (Dewi et al.,
2021), with contributing factors including
teaching strategies, textbook quality, learning
interest, and reasoning skills. Furthermore,
chemistry learning outcomes on buffer
solutions are strongly associated with
mathematical aptitude and prior knowledge
(Silitonga et al.,, 2022). These findings
highlight the need for contextual learning

experiences, such as guided practical
activities, that connect chemical
representations and strengthen students’

conceptual understanding.

Mouthwash as a Context for Buffer

Solutions

Mouthwash is an aqueous solution
used to maintain oral hygiene and help prevent
or manage conditions such as dental caries,

tooth erosion, halitosis, gingivitis, and
periodontitis (Radzki et al., 2022). It
complements rather than replaces

toothbrushing and flossing (Singh et al., 2022)
and can be classified as therapeutic or
preventive according to its intended use
(Radzki et al., 2022). Its formulations contain
various ingredients, including active agents,
solvents, preservatives, flavoring agents, and
pH regulators or buffers (Radzki et al., 2022;
Yazicioglu et al., 2023) Common active
ingredients include fluoride compounds,
essential oils, cetylpyridinium chloride, and
chlorhexidine digluconate (Radzki et al.,
2022; Yazicioglu et al., 2023).

Mouthwash provides a relevant
context for studying buffer solutions because
some formulations contain benzoic acid and
sodium benzoate. Sodium benzoate is
commonly used as a preservative (Amin &
Arman, 2025; Diana Hayati, 2025) and is the
sodium salt of benzoic acid, a weak aromatic
carboxylic acid (Mendrofa, 2019; Yuniantari
& Susilowati, 2025). When both substances
are present, they can form a conjugate acid-
base pair capable of resisting pH changes.
Mouthwash formulations may also contain
other buffering agents, such as citric acid,
potassium phosphate, sodium bicarbonate,
phosphate and citrate buffer systems, and
sodium lactate (Radzki et al., 2022;
Yazicioglu et al., 2023).

Buffer systems in mouthwash can help
maintain pH and support the stability and
efficacy of active ingredients. Maintaining an
appropriate oral pH is important because
acidic conditions can promote enamel
demineralization, while fluorapatite is more
resistant to acid than hydroxyapatite
(Yazicioglu et al., 2023). Therefore,
mouthwash offers a meaningful real-world
context for guided practical activities in which
students identify buffer properties and
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connect the composition of everyday products
with the concepts of acid—base equilibria.

METHODS
Research Design

This study employed a descriptive
quantitative research design to describe the
implementation of the Buffering Property
Identification in Mouthwash practical activity
using a guided inquiry-based student
worksheet through a limited-scale trial. The
student worksheet used in this study had
undergone expert validation prior to the trial.
The limited-scale trial was conducted to
examine the extent to which students were
able to carry out the guided inquiry stages
incorporated in the student worksheet

Research Participants

The participants in this study were 12
eleventh-grade students from SMA Pasundan
8 Bandung, who were randomly selected from
a single class. According to Arikunto (2013),
a small-group trial consists of 4 to 14
participants; therefore, the number of
participants in this study met the
recommended criterion for a limited-scale
trial. The 12 students were divided into four
groups, each consisting of three members.
Group assignment was conducted by the
chemistry teacher using a heterogeneous
grouping strategy based on students' learning
abilities, ensuring that students with higher
learning abilities were distributed evenly
across all groups. Students' responses to the
tasks in the student worksheet were assessed
at the group level, whereas the
implementation of the practical activity was
observed by two observers, each of whom was
responsible for observing two student groups.
The observers were peers of the researcher
and were briefed prior to the practicum on the
groups that each of them would observe and
on the use of the scoring rubric.

Research Instruments

Data on the implementation of the
practical activity were collected using two
instruments: an observation sheet for the
implementation of the guided inquiry stages

and an assessment sheet for answers to
assignments in the student worksheet. The
observation sheet was used to evaluate the
extent to which each stage of the guided
inquiry process was carried out during the
practical activity. Scores ranged from 1 to 3
according to the proportion of group members
(three per group) involved in carrying out each
component: a score of 3 was given when all
three members were involved, 2 when two
members were involved, and 1 when only one
member was involved. Therefore, a lower
observation percentage means that fewer
group members were involved in carrying out
that component, that is, a lower level of
implementation. Meanwhile, the assessment
sheet for the answers to the tasks in the student
worksheet uses an assessment rubric for each
stage of the investigation to assess the quality
of the students' answers. The maximum score
of each task differed according to its rubric,
with a total maximum score of 90 per group.
These scores describe the quality of each
group’s answers, that is, the ability of the
group to complete each task. Both instruments
were validated by three chemistry education
lecturers at Universitas Pendidikan Indonesia
prior to their use in the limited-scale trial. The
observation sheet consisted of 14 aspects
derived from the guided inquiry stages,
whereas the answer assessment rubric
consisted of 11 aspects corresponding to the
tasks in the student worksheet, which were
also derived from the inquiry stages. Each
validator indicated agreement or disagreement
with each aspect, and all validators agreed
with all aspects. Reliability testing of the
instruments was not conducted. Inter-observer
agreement was also not calculated;
consistency between the two observers relied
only on the briefing described above.

Data Collection Procedure

The practical activity used mouthwash
as the buffer solution, and 0.01 M CH3COOH,
0.01 M NH4OH, and 0.09% NaCl as non-
buffer solutions. Each solution was tested by
adding 10 drops of 0.1 M HCl or 0.1 M NaOH
to 20 mL of the sample, and the pH was
measured using a pH meter.
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Data were collected through two
methods during the Buffering Property
Identification in Mouthwash practical activity
using the guided inquiry-based student
worksheet. First, the observers monitored and
recorded the level of participation of each
student group at every stage of the guided
inquiry process using a structured observation
sheet. Scores were assigned according to a
validated practicum implementation
observation rubric, beginning with students'
engagement in the orientation section of the
student worksheet and ending with the
formulation of their conclusions. Second,
after the practical activity was completed, the
completed student worksheets from each
group were collected. The answers to each
task in the worksheet were then evaluated
using a predefined scoring rubric for student
worksheet answers.

Data Analysis

The implementation data obtained
from the classroom observations and the
assessment of student worksheet responses
were analyzed using descriptive quantitative
methods with Microsoft Excel. Although both
datasets underwent the same analytical
procedure, they were reported separately and
subsequently interpreted together. First, each
group was assigned a score for every observed
or assessed component based on the validated
scoring rubric. The scores obtained by all
groups for each component were then
summed, and the maximum possible score for
each component was determined by
multiplying the highest score specified in the
rubric by the total number of observed groups,
as shown in Equation (1):

Maximum score = highest score
X number of groups @9)

Next, the percentage score for each
component or task was calculated by
comparing the total score obtained with the
maximum score, using Equation (2):

total score

Percentage (%) = Py ———— x 100 2

For data on the results of assessing answers
to tasks in the student worksheet, the average

percentage for each stage was obtained by
averaging the percentage of all tasks in one
stage, using Equation (3):
Average percentage (%)

__ total percentage of each task

"~ number of tasks in the stage ®
The percentages obtained were then

interpreted based on the category criteria

according to Riduwan (2014) in Table 1.

Table 1. Interpretation Criteria for Implementation
Scores (Riduwan, 2014)

Score range(%) Category
0-20 Very less
21-40 Less
41-60 Enough
61-80 Good
81-100 Very good

The interpreted results were used to
describe the extent to which students were
able to carry out each stage of guided inquiry
in the student worksheet during the limited-
scale trial. They also served as the basis for
identifying aspects of the student worksheet
requiring further improvement.

RESULT AND DISCUSSION
Practicum Implementation Results

A limited-scale trial with 12 eleventh-
grade students who were split into four groups
examined the use of the Buffering Property
Identification in  Mouthwash practical
exercise using the guided inquiry-based
student worksheet. Two data sources were
used to assess the level of implementation: (1)
classroom observations of students' activities
during the practical session and (2) an
evaluation of students' answers to the tasks in
the student worksheet.

Table 2. Implementation of Guided Inquiry Stages by
Students During the Practicum (Observation)

Observed
No Implementation % Category
Aspect
1 Reading the 100 Very good
phenomenon
2 Make a question 100  Very good
3 Focusing questions 83.33  Very good
4  Make a hypothesis 75 Good
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5  Creating
experimental 83.33  Very good
objectives
6  Determining
materials 83.33  Very good
7  Determining tools 91.67 Very good
8 DeFermmmg 75 Good
variables
9  Designing procedures  83.33  Very good

10 Conducting
experiments

11 Writing down
observation results

100  Very good

100  Very good

12 Analyzing data 83.33  Very good
13 Testing hypotheses 100 Very good
14  Drawing conclusions 100  Very good

Mean 89.88  Very good

Based on Table 2, the implementation
scores ranged from 75% to 100%, with a mean
of 89.88%, corresponding to the good and
very good categories according to the criteria
proposed by Riduwan (2014). Twelve of the
fourteen assessed components were classified
as very good, whereas the two components
with the lowest percentages, hypothesis
formulation and identification of experimental
variables, each achieved a score of 75%,
which falls into the good category. Because
the observation scores reflect the proportion
of group members involved, the 75% obtained
for hypothesis formulation and variable
identification means that not all members
were involved in these two components in
every group.

Table 3. Scores of Students’ Worksheet Responses to

the Guided Inquiry Tasks
Assignments in o
No Student Worksheets %o Category

1 Formulate the

problem 100  Very good
2 Formulate a

hypothesis 87.50  Very good
3 Creating

experimental 87.50  Very good

objectives
4 Determining

materials 81.25 Very good
5  Determining tools 97.92  Very good
6  Determining

variables 100  Very good
7  Designing procedures 95.14  Very good
8  Writing down

observation results 100 Very good
9  Analyzing data 89.29  Very good
10 Testing hypotheses 100  Very good

11 Drawing conclusions 100  Very good
Mean 94.42  Very good

Based on Table 3, the quality of
students’ responses to all tasks in the student
worksheet ranged from 81.25% to 100%, with
a mean of 94.42%, with all components
classified as very good according to the
criteria proposed by Riduwan (2014). The
component with the lowest percentage was
determining materials (81.25%), whereas five
components, formulating the problem,
determining variables, recording
observations, hypothesis testing, and drawing
conclusions, achieved the maximum score of
100%. The means of 89.88% and 94.42% are
the averages of the component percentages in
Table 2 and Table 3, respectively. These
scores describe the groups’ ability to complete
each task, as shown in their written answers.

Discussion

Overall, the results of observations
and assessments of students' answers to the
tasks in the student worksheets (Table 2 and
Table 3) show that the practicum on
identifying buffer properties in mouthwash
using the developed guided inquiry-based
student worksheets was carried out in the very
good category on a limited scale, with
implementation scores ranging from 75-100%
(observation, mean 89.88%) and 81.25-100%
(worksheet answers, mean 94.42%). This
result is consistent with the expectation stated
in the Introduction that the worksheet would
be implemented at a good to very good level.
In the observation data, reading the
phenomenon, making questions, conducting
experiments, writing down observation
results, testing hypotheses, and drawing
conclusions were carried out by all group
members (100%), whereas the lowest
involvement was found in making hypotheses
and determining variables (75%). In the
worksheet answers, the lowest scores were
found in determining materials (81.25%),
formulating hypotheses and experimental
objectives (87.50%), and analyzing data
(89.29%).

One possible explanation for this trend
is variations in the cognitive demands of each
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guided inquiry level. The guiding questions in
the student worksheet may directly assist the
fundamental science process abilities included
in stages including observing events, carrying
out experiments, documenting findings,
testing hypotheses, and drawing conclusions.
This may explain why students could
accomplish these steps accurately and actively
with considerable ease.

On the other hand, the lower
involvement in making hypotheses and
determining variables (75%) shows that these
two components were not carried out by all
group members in every group. A possible
reason is that formulating hypotheses and
identifying variables are classified as
integrated science process skills, whereas
observing and measuring are basic skills, as
described by Darmaji et al. (2018). Integrated
skills may require more complex reasoning,
but cognitive demand and individual ability
were not measured in this study, so this
explanation remains tentative. The teacher’s
role may also matter: in guided inquiry, the
teacher keeps directing students when they are
unsure about the direction of the investigation,
as reported by Purba et al. (2024). This

suggests that the stages with lower
involvement may need stronger teacher
guidance.

Comparing the two data sources at
these two stages revealed another intriguing
finding: while developing hypotheses and
identifying variables had the lowest
implementation (75%) in the observation
results, both stages achieved the very good
category (87.50% and 100%) in the written
responses to the Student Worksheet. The two
data sources measure different things:
observation scores show how many group
members were involved in a component,
whereas worksheet scores show how well the
group answered the task, which reflects the
group’s ability. The result therefore indicates
that, although not all members were involved
in these two components, the groups were still
able to answer the tasks well. This may be
because the guiding questions in the student
worksheet were structured enough to lead the

group to correct answers, but this was not
examined directly. In addition, because the
worksheet was answered as a group, its scores
cannot show the ability of each individual
student.

In the worksheet answers, scores
below the maximum were also found in
determining tools and designing experimental
procedures (97.92% and 95.14%), which did
not reach the maximum score, possibly
because of students' technical errors in
converting multiple guiding questions into a
comprehensive technical response, and in the
components of data analysis and material
selection (89.29% and 81.25%), which may
call for the capacity to choose pertinent
information and combine quantitative data
with the qualitative idea of buffer solutions.

The results of this study are in line
with those of Inayati et al., (2023), who
created a guided inquiry-based practicum
worksheet for the subtopic of buffering
property identification using packaged foods.
With a score of 90%, their study also revealed

a very high degree of practical
implementation. The comparable
implementation ~ scores  (89.88%  for

observation and 94.42% for worksheet
answers in the current study versus 90% in the
previous study), the similar learning topic
(buffering property identification), and the
assessment tools (a combination of
observation sheets and student worksheet
response assessments) further imply that
guided inquiry-based student worksheets for
buffering property identification can generally
be implemented well, in both contexts,
mouthwash or packaged foods. Silaban et al.
(2019) reported that, in a limited trial on
buffer solutions, students taught with
scientific literacy-based teaching materials
had higher learning outcomes and interest
than students in a comparison class, which
suggests that well-structured materials may
also benefit learning. However, learning
outcomes were not measured in the current
study, so whether good implementation leads
to better learning still needs to be tested.
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However, high level of
implementation in this study is not necessarily
found in all other studies. In the creation of a
guided inquiry-based student worksheet for
acid-base content at a senior high school in
Banda Aceh, Zulyani (2021) reported a lower
average score of 72.5% for students’ answers
to the worksheet, although the worksheet was
still considered usable. Because this score
reflects the quality of worksheet answers, it is
comparable to the worksheet-answer scores in
this study (Table 3) rather than to the
observation scores, although the aspects
assessed in the two studies differ. Numerous
contextual factors across studies, such as
students' familiarity with inquiry-based
learning, the intricacy of the concepts under
investigation, the nature of the guiding
questions in the student worksheet, and the
quantity and makeup of groups participating
in the trial, may have an impact on this
variation in achievement. These variations
suggest that the application of guided inquiry-
based practical tasks may depend on the
quality of the student worksheet design and
the students’ readiness to participate in
inquiry-based learning, rather than being
generalizable across various subjects and
educational settings.

Overall, these findings indicate that
the implementation of the practicum on
identifying buffer properties in mouthwash
using student worksheets based on guided
inquiry was carried out at a good to very good
level in a limited-scale trial, in terms of both
the involvement of group members and the
quality of their written answers. These results
are consistent with previous studies on similar
topics, although they are not entirely
consistent with all guided inquiry-based
student worksheet studies in other chemistry
topics. The differences in achievement among
studies highlight the importance of the quality
of guiding questions and the suitability of the
worksheet context with students’
characteristics. These stages with lower scores
can be improved through stronger teacher
guidance and refinement of the guiding
questions in the student worksheet before
conducting trials on a larger scale. Because

the study involved only 12 students from one
class and measured implementation rather
than learning gains, these findings should be
interpreted cautiously.

CONCLUSION

The practicum on identifying buffer
properties in mouthwash using the guided
inquiry-based student worksheet was
implemented at a good to very good level in
a limited-scale trial. Observation scores,
which reflect the proportion of group
members involved, ranged from 75% to
100% (mean 89.88%), with the lowest
involvement in making hypotheses and
determining variables. Worksheet-answer
scores, which reflect the groups’ ability,
ranged from 81.25% to 100% (mean
94.42%), with the lowest score in
determining materials. These findings
contribute to the development of contextual
chemistry teaching materials by showing
that mouthwash can serve as an alternative
context for buffer practicums, beyond eye
drops and packaged foods, and they point to
the stages that may need stronger teacher
guidance or refined guiding questions. The
findings are preliminary: they come from 12
students in one class, observation was
carried out by two observers without
calculating  inter-observer  agreement,
instrument reliability was not tested, and
learning gains were not measured. They
therefore cannot be generalized or taken as
evidence of learning effectiveness. Further
research with more students and in different
school contexts is needed before the
worksheet is recommended for wider use.
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