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ABSTRACT

Learning trends in the 21%%-century require students to have the ability to sort
appropriate information from certain sources. To do this, students must have
critical thinking skills. One of the learning models that can facilitate students
to think critically is a guided-inquiry lab. Thus, the purpose of this study was
to quantitatively analyze the impact of the implementation of the guided-
inquiry lab model on students' critical thinking skills on mechanics material.
A pre-experimental method employing one group pretest-posttest only design
was applied to obtain students' critical thinking skills data before and after the
implementation of the guided-inquiry lab model. A total of 32 students from
a junior high school in the city of Karanganyar, Central Java, were involved
as the samples in this study. The data obtained were then analyzed using N-
gain calculations. Based on the data analysis, there are 81.25% of students
have medium creative thinking skills after being taught with a guided-inquiry
lab, meaning there is an increase in the average score of students after being
taught using a guided-inquiry lab model. It can be concluded that the
implementation of the guided-inquiry lab model is effective to improve
students’ critical thinking skills.
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INTRODUCTION encourages students to look for more

Technology is a product that follows the
same pattern as items that have a life cycle of
birth, growth, maturity, and decline (Holland
& Piper, 2016). Nowadays, learning
technology continues to experience growth.
This allows the learning process to become
more effective and efficient so that better
results are obtained. In science fields, they
often require laboratory practice to develop
an effective acquisition and hands-on
experience skills (Kurniawan et al., 2019;
Simbolon & Sahyar, 2015). Therefore,
education in Indonesia needs to adopt new
learning methods that can support this
change.

Education in the 21% century is marked by
the easy acquisition of information that

information outside their classrooms (Yanti,
2016). This requires students to have the
ability to sort appropriate information from
certain sources. The ability to sort
information and to consider it deeply before
using it is known as critical thinking (Fisher,
2014).

Critical thinking and problem-solving
skills are the main components of human
development (Boyaci & Atalay, 2016). The
21t Century learning focuses on the skills
known as (4C) that must be mastered by
students, wherein those skills entail
communication, critical thinking,
collaboration, and creativity (Rusdin, 2018).
The 21% Century skills represent the
characteristics that students should have in
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overcoming difficulties and achieving
success (Ball et al., 2016; Shidig &
Yamtinah, 2019).

The importance of developing critical
thinking skills among students makes
educational researchers propose various
ways. Research conducted by Widowati et al.
(2017) shows that students' critical thinking
skills can be improved through learning by
using the mind map. This is because the mind
map is a specific type of learning activity
through the organization of the mind. To
some extent, it is similar to the study
conducted by Sahoo & Mohammed (2018)
which shows that summary writing activities
can improve students' critical thinking skills.
However, mind map or writing activity is
considered not optimal in improving
students' thinking skills because it does not
directly involve students in practicum.

This case also happened in Karanganyar
Junior High School. Based on the results of
the preliminary studies in one of the junior
high schools in the city of Karanganyar,
Central Java, students have difficulty in
understanding the material of mechanics that
demands experimentation and critical
thinking. Therefore, innovations are needed
to improve students' critical thinking and
experimentation skills. One of the solutions
is to use the Guided-Inquiry Lab (GIL)
model.

Guided Inquiry Lab (GIL) models have
been widely used on other physics topics and
in many other fields of study. Such as the use
of GIL in viscosity experiments (Kurniawan
etal., 2019), GIL in learning biology (Castro
& Morales, 2017), and GIL in learning
chemistry (Cheung, 2011). Laboratory
practice has unquestionable importance in
chemistry education (Ural, 2016). Students
have considerable autonomy in the design
and execution of the experiment (Fakayode,
2014).

According to Wenning (2011), GIL is an
independent activity that can gradually train

students to become more independent
individuals in planning experiments and
collecting data. Inquiry activities facilitate
students in asking questions, honing their
curiosity, and being in charge of
investigation activities as well as those of
formulating questions (\Wenning, 2005). Pre-
lab activities are carried out to activate
students' initial knowledge while leading
questioning in the form of questions is to
guide students in the execution of the
practice. One of the strengths of the guided-
inquiry lab model depicts that it encourages
students to form and develop their self-
concepts so that their understanding of
concepts and ideas is stronger and their
ability to apply knowledge to everyday life is
increasing (Yanti, 2016).

Through  this  study, researchers
quantitatively analyze the impact of the
implementation of the guided-inquiry lab
model on students' critical thinking skills on
mechanics material. Several studies have
stated the importance of the Guided Inquiry
Lab to be applied in laboratory activities or
materials that require practice. On the other
hand, Guided Inquiry has been proven to be
good at overcoming students' critical
thinking problems. However, there has been
no research on Guided Inquiry Lab to
improve students' critical thinking skills on
material that requires practice. This research
is aimed to fill the gap. It is expected that this
study can provide novelty for researchers and
education practitioners to improve students'
critical thinking skills using the guided-
inquiry lab model.

METHODS

An experimental method employing one
group pretest-posttest only design was
applied to obtain students' critical thinking
skills data by applying the guided-inquiry lab
model (Fraenkel, 2012) as shown in Figure 1,
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Figure 1. Research Diagram

A total of 32 students from a junior high
school in the city of Karanganyar, Central
Java, were involved as the samples in this
study. The data obtained were then analyzed
using N-gain calculations. The mechanic's
materials taught are distance and
displacement, uniform linear motion,
accelerated linear motion, force concept, and
Newton’s law. A description of each meeting

is shown in Table 1. The examples of
learning activities in the 3" meeting are
presented in Table 2. The instrument used
was a set of questions developed by
incorporating the aspects of critical thinking
skills, namely interpretation, analysis,
evaluation, conclusions, explanations, and
self-regulation. The example of one of the
questions used is presented in Table 3.

Table 1. The material taught at each meeting

Meeting Materials
1st meeting Distance and Displacement
2nd meeting Uniform Linear Motion
3rd meeting Accelerated Linear Motion
4th meeting Force Concept
5th meeting Newton's First Law
6th meeting Newton's 2nd Law
7th meeting Newton's 3rd Law

Table 2. The example of learning activity

Learning Steps

Teacher’s Activity

Students’ Activity

Observation

Manipulation

Generalization

Verification

Application

Giving a phenomenon about a toy car that
runs on a track. The toy car is pushed so
that it moves along the track but it will
eventually stop

Facilitating students to experiment with
toy cars,

Facilitating students in making a principle
or term that is obtained from the
investigation

Facilitating students in communicating,
comparing with other friends.

Facilitate students in correcting the
results of discussions with other groups.
Facilitating students in mentioning the
application of the results of investigations
in everyday life

Observing the demonstrations by the
teacher

Identifying problems, formulating
problems, identifying variables, and
making hypotheses from the experiment
Summarizing the results of experiments
and make terms for phenomena that are
experimented on

Communicating the results of
observations and analysis with classmates
through presentations.

Analyzing the application of the results of
investigations in everyday life. Students
look for other examples that applying the
same concept to the experiments
conducted
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Table 3. The example of instrument for assessing critical thinking skills

Critical Thinking
Indicator

Item

Interpretation

A cat that is stationary on the grass then moves at a speed of 5 m / s. after 1 minute

of walking the cat's speed becomes 6 m / s. 5 minutes later the cat runsat 7 m/s.
Analyze the movements of the cat

RESULTS AND DISCUSSION

The purpose of this study was to
quantitatively analyze the impact of the
implementation of the guided-inquiry lab
model on students' critical thinking skills in
learning the material as regards mechanics.
The study began with the provision of a pre-
test in the form of questions developed by
referring to the aspects of creative thinking
skills. The example of the question can be
seen in Table 1. The implementation of
guided-inquiry lab learning followed the
steps as stated by (Wenning, 2011).

The application of this model began by
observing a phenomenon. This thing
Contains a phenomenon that guides students
to formulate the problem regarding the
problem (Dwiyanti et al., 2016). The problem
or situation had to be based on an idea that
could indeed be found (a discoverable idea).
After the situation was presented to students,
they first needed to investigate several
aspects of this situation, for example, the
nature and identity of objects and events
related to the situation (Ahmadi, 2010). The
hallmark of the problem presented by the
teacher was the conflict involved between
students' understanding and reality. The
situation that contrasted with an expectation
caused students to wonder what was
happening, and it resulted in cognitive
imbalance.

Through appropriate instructions, students
could try to find differences and find the
explanation that was the most appropriate to
the event. Observation of a phenomenon can
also begin with the teacher preparing
questions for students because the questions
are the basis for scientific inquiry (Santoso et
al., 2018). Asking the right questions is very
important in an investigation. One of the
questioning techniques that teachers use most
often is writing questions on the board, but

such a technique does not guide students to
achieve learning goals. Natural science
teachers should be able to encourage students
to state what they think, test and explain their
findings using the pedagogy that reflects
scientific inquiry and strategies
recommended by cognitive psychology.

The second step in the guided-inquiry lab
model was manipulation. In this activity,
students were asked to identify all variables
that affected the phenomenon presented by
the teacher and then conduct experiments
following the design in the first step. Hence,
students would collect data following the
variables that were considered influential
earlier. Data collection was a mental process
that was very important in intellectual
development.

The third step was generalization where
students made observations and then
communicated the results to other groups.
Students were also asked to analyze
relationships and made principles out of what
was done. Analyzing the relationships
between variables meant the ability to think
rationally. In this sense, the truth of the
answers given was not only based on
argumentation but must be supported by the
data found and could be justified.

The fourth step was verification by
comparing the results that were found with
others’. At this stage, students conducted a
careful examination to prove whether the
principles stated earlier were correct or not
compared to the alternative findings and
linked to the results of data processing.

The fifth step was generalization by
linking the acquired knowledge to everyday
life. At this stage, students were encouraged
to use and apply the concepts they had
learned from the previous stage in different
situations.
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Each step of the guided-inquiry lab model
is associated with the aspects of critical
thinking skills as proposed by Facione
(2015). The first step in the guided-inquiry
lab model accommodates two types of
aspects in critical thinking skills, namely
interpreting and analyzing. The ability to

interpret is of importance to be possessed by
students because it trains students to describe
something and look for relationships and
certain patterns of the observed phenomena.
Likewise with the next steps, in detail, the
association is presented in Table 4.

Table 4. The steps of guided-inquiry lab model according to wenning (2011) associated with the aspects
of critical thinking skills according to faicone (2015)

Learning Learning Process Aspects of
Steps Critical Thinking
Skills

Observation

Creating a trial design through pre-lab activities (group
discussion) and multiple leading questioning (leading
guestions)

Interpretation

Students observe phenomena and are asked questions Analysis

Manipulation Students are encouraged to identify all of the variables  Analysis
concerned
Students are asked to distinguish between unrelated Analysis
variables
Students are encouraged to identify the independent Analysis
variables that affect the dependent variable
Students are asked to experiment under the previous Analysis
experimental design

Generalization ~ Making observations Analysis
Recording the results of the experiment and Analysis
communicating the results to other groups
Students are asked to analyze the relationship between  Analysis
influential variables
Students are asked to make a principle or term that is Conclusion
obtained from the investigation

Verification Communicating and comparing with other friends' Explanation
findings
Correcting the results of other group discussions. Self-regulation

Application Students mention the application of the results of Evaluation
inquiry in everyday life
Working on evaluation questions Evaluation

At the end of the lesson, a posttest was N-Gain =Pt~ Tpre
given to students to see the increase in their Note: maks~Tpre

critical thinking skills. Students' pretest and
posttest data processing were calculated
using the N-gain formula. The results are
shown in Figure 2. Based on this N-gain
calculation, students' critical thinking skills
could be grouped. The criteria for grouping
students based on N-gain values are
presented in Table 5.

Tpost: The average score of Posttest
Tpre: The average score of pretest
Tmax: Ideal maximum score

Table 5. The category of the obtained N-gain score

Score (g) Category
(9)>0,7 High
0,3<(g)<0,7 Medium

(9)<0,3 Low
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Figure 2. Graph of the increase in students’ critical thinking skills

Critical thinking skills are the active
processes of a person is thinking about a
thing in-depth, asking questions, and finding
relevant information. According to Fisher
(2014), critical thinking is an activity of
rational and reflective thinking by focusing
on the problem or idea at hand. Critical
thinking requires careful consideration, good
analysis, testing, and evaluation. The
obtained N-gain value in each aspect of
critical thinking skills was different. In the
guided-inquiry laboratory, students are only
given the problems and they must plan the
investigation, collect and organize their data,
and make evidence-based conclusions
(Mulyana et al., 2018; Sofiani et al., 2018).
However, each aspect was in the medium
category.

Interpretation is the ability of a person to
understand and express the meaning or intent
of various experiences in situations, data,
events, decisions,  conventions, the
trustworthiness of rules, procedures, or
criteria (Susilowati et al., 2017). This phase
helped students comprehend explanations
consistently with evidence provided based on
observations and data collection from the
results of the experiment (Arianto et al.,
2018). In this study, pertinent to the aspect of
interpretation, the obtained N-gain value was
0.69 so that it was categorized into the
medium category. However, the obtained
value almost touched the number 0.7 which
was classified into a high categorized
number. This meant that students were able
to see the problem or phenomenon presented
by the teacher from various points of view

with the implementation of the guided-
inquiry lab model. It is because students learn
natural science by using a sort of
understanding derived from their
interpretation of a phenomenon (Seventika et
al., 2018).

The analysis is the ability to identify the
true intentions and conclusions between
statements, questions, concepts, descriptions
based on beliefs, decisions, experiences,
reasons, information, or opinions (Susilowati
et al., 2017). In this study, the N-gain value
for the aspect of the analysis was 0.67, and it
was also categorized into the medium
category. The inquiry learning model is a
learning model that provides opportunities
for students to be active in solving problems
and formulating their conclusions so that
they have meaningful learning experiences.
This learning can make students assume to
solve problems by posing questions then
getting their answers based on analysis and
investigation. Thus, this learning can access
many types of thought processes, including
students' critical and creative thinking.

Evaluation is the ability to assess the
credibility —of statements or  other
presentations by assessing or describing a
person's perceptions, experiences, situations,
beliefs, or decisions, and using the logical
power of actual inferential relationships
between statements, questions, descriptions
and other forms of representation (Susilowati
et al., 2017). In this study, the aspect of
evaluation obtained a lower N-gain value
compared to the two previous aspects. That
was because the formation of scientific
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explanations was a combination of reason
and evidence. The combination as such
required an evaluation of the proposed ideas.
It was like when taking into account the
effects of a treatment or ensuring a causal
relationship. Alternative explanations must
be considered when assessing the validity of
the explanations and conclusions obtained
from the investigation. Students were not
accustomed to conducting evaluations on the
results obtained or in terms of the process
carried out.

The inference is the ability of students to
identify and choose the elements needed to
draw reasonable conclusions or to formulate
hypotheses by paying attention to relevant
information and reducing the consequences
arising from data, statements, principles,
evidence, judgments, opinions, descriptions,
expressions, beliefs, as well as other forms of
representation (Susilowati et al., 2017).
Concerning the aspect of inference, the
obtained N-gain value was 0.67. This meant
that students were able to make use of their
thoughts in making inference after finding
out the core of the questions asked, and then
make conclusions from such core points.

Explanation portrays the ability of a
person to state the results of consideration
process; the ability to justify that a reason is
based on evidence, methodology, concepts,
or a certain criterion and reasonable
considerations; and the ability to present
reasons in the form of convincing arguments
(Susilowati et al., 2017). In this study, the
aspect appertaining to explanation obtained
the lowest N-gain value, which was 0.44.

This meant that students were less critical in
presenting explanations after conducting
experiments. Some students had difficulty in
understanding the information they had
gathered and built an explanation about it.
Students provided inadequate explanations
or did not discuss essential matters.
Sometimes several theories or explanations
were the bases of the same data.
Self-regulation is related to a person's
awareness to monitor his/her cognition, the
elements used in thinking, and the results that
are developed, especially by applying the
ability to evaluate his/her ability to conclude
in the form of questions, confirmations,
validations, and corrections (Susilowati et
al., 2017). In this study, this aspect obtained
an N-gain value of 0.68. It meant that
students were able to analyze the patterns of
laboratory inquiry they were undertaking.
Students might determine the most effective,
productive and non-productive variables or
the type of information that they needed and
that they did not need. This phase is
important if students want the inquiry
process to be something that needs awareness
and is systematic as well as can be proven.
In general, an increase in students' critical
thinking skills could be classified into high,
medium, and low categories based on the N-
gain values obtained. This could be used as a
reference to see how much the effect of the
guided-inquiry lab model application was in
improving critical thinking skills. The results
of the categorization are shown in Figure 3,
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Figure 3. The category of critical thinking skills
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Based on Figure 3, 81.25% of students had
undergone an increase in critical thinking
skills in the medium category. In the
meantime, in the high category, there were
18.75% of students. These results proved that
the application of the guided-inquiry lab
model was effective in increasing students'
critical thinking skills. Also, the absence of
students belonging to those with the low-
category increase in critical thinking skills
further strengthens the findings of this study.

The use of guided-inquiry lab model is not
only proven to improve critical thinking
skills, but based on previous research it can
also improve students' scientific literacy
(Yanti, 2016), reduce misconceptions
(Habibbulloh & Jatmiko, 2017), enhance the
interests and attitudes of students and
teachers towards the lesson (Cheung, 2011),
and improve laboratory skills (Allen et al.,
2009).

Also, there have been many other studies
conducted to improve students' critical
thinking skills, such as the studies concerning
with the use of guided inquiry models (Duran
& DoOkme, 2016; Nisa et al., 2018;
Yerimadesi et al., 2019; Zain & Jumadi,
2018), contextual teaching and learning
(Gayatri et al., 2018; Wahyuningtyas &
Wuryadi, 2018), problem-based learning
(Yuliati et al., 2018), the use of concept maps
(Samawi, 2006), the use of various media
(Astuti et al., 2018; Hayes & Devitt, 2008;
Herpiana et al., 2019; Popescu & Morgan,
2007; Santoso et al., 2018), and the use of
various instruments (Hiedringhaus, 2001).
Previous research has shown that guided
inquiry lab can be used to promote student's
problem-solving skills, but our findings
indicate that creative thinking is the
beginning of problem-solving skills. The
superiority of this model is giving the chance
to students more active to construct the
knowledge so the student learning
achievement can be maximal (Windiastuti et
al., 2018).

Several studies have stated the importance
of the Guided Inquiry Lab to be applied in
laboratory activities or materials that require

practice. On the other hand, Guided Inquiry
has been proven to be good at overcoming
students'  critical  thinking  problems.
However, there is no research on Guided
Inquiry Lab to improve students' critical
thinking skills on material that requires
practice. This research is here to fill the gap.
These findings can be used by teachers and
education practitioners to improve students'
critical thinking skills in physics and other
subjects.

CONCLUSION AND SUGGESTION

The results of data analysis show that the
N-gain value on each aspect of critical
thinking skills is in the medium category.
This means that the guided-inquiry lab model
has an impact on students' critical thinking
skills. The impact is quite significant because
there is an increase in the average score of
students after being taught using a guided-
inquiry lab model. As the implication, this
study can be used as a reference in
developing  teaching  materials  that
accommodate students' critical thinking
skills that are conformed to the guided-
inquiry lab model.

For the next step of this research, the
findings of this research can be used by
teachers and education practitioners to
improve students' critical thinking skills in
physics and other subjects.
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