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ABSTRACT

Problem Based Learning (PBL) is a learning method considered to be capable of changing the students’
perception in facing the challenges of the 21st century. This study was aimed to improve soft skills in the form
of critical thinking, motivation, and group dynamics and hard skills in the form of psychomotor ability by
applying PBL. This study was designed with an action research design. The research subjects were 30 students at
the age of 19 to 22 years old. Data were collected with performance appraisal, observation sheet and
questionnaires. The results indicated that (1) the students’ critical thinking works effectively during problem
identification and problem hypothesis, (2) increasing motivational ability indicated by time discipline, and (3)
improved group dynamics skills during group discussions and groups activities. The results for psychomotor
ability showed an increase of 16.6 or 17%. This confirmed that PBL improved the students’ soft skills and hard

skills reflected in positive and effective group activities.
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INTRODUCTION

Problem Based Learning is a newly
developed method in Indonesian education. In
vocational higher education PBL is one of the
methods recommended to be developed for
learning. The fact is that PBL has been utilized
for almost 30 years and has been developed for
the education field [1]-[3]. Several expert
practitioners discovered the significant impact
of PBL implementation [4] and then it
experienced a good development for the
learning process [5]. The benefits of PBL are
(1) learning atmosphere is more active and
student-centered [6], [7], (2) increasing the
ability of critical, creative and innovative
thinking [[8]-[11], (3) encouragement of
learning motivation [12], and (4) group
dynamics is well performed [13].

Moreover, the PBL concept is supporting
competence theoretically and in practice [14],
[15]. This model is also known as inductive
learning that can stimulate better learning,
especially in higher discipline compared to the
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conventional concept. Brown [16] stated that:
(@ PBL will be a very suitable learning
approach for the 21% century students; (b) PBL
is a solid approach because it focuses on the
students, where they learn and use their
cognitive skills and critical thinking; and (c)
this is a learning strategy that is productive.
Therefore, PBL is recommended as a
productive and continually developing method
among educators.

Problem Based Learning success
certainly requires suitable learning atmosphere
and characteristics. When PBL is implemented
without proper control, the outcomes will not be
optimum or even declining in quality. Some
characteristics that need to be strictly observed
and implemented are (1) the problem should
relate to the real-world condition [17], (2) the
collaborative groups should consist of 6 to 8
persons [18], (3) problems should cover several
fields of study [19], (4) it should encourage
problem solving and team communication [20].
Moreover, PBL characteristics from Savery
[15] consist of 10 essential points namely (1)
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students should feel responsible for their
learning, (2) problem simulations in the PBL
should not be structured and allow free
researches, (3) learning should integrate several
fields of knowledge or classes, (4) collaboration
is important, (5) what students learned during
their  independent learning should be
implemented for the problems with re-analysis
and resolution, (6) there should be a closing
analysis from what they have learned from
working out the problems and also discussion
about what principal they have studied, (7) self-
assessment and peer assessment should be
conducted for every problem solution and at the
end of every curricular unit, (8) Activities
during PBL should be valued in the real world,
(9) student exam should measure their
development in the PBL objectives, and (10)
Problem-Based Learning should be the
pedagogic basis of the curriculum and not be
part of didactic curriculum.

Gasoline motor curriculum is the
incorporation of theoretical and practical
concepts with the development of soft and hard
skills in the learning process in daily life,
vehicle problems often arise. Gasoline motor is
made up of various interrelated scientific
disciplines. The major contexts are divided into
three disciplines, engine, electrical and chassis.
Every discipline is made up of systems and
components that are inter-related in their
working mechanisms. Gasoline motor practice
incorporates two related parts and both need
maintenance. They are the engine system and
electrical system. Not all concepts of engine or
electrical are studied, but only the concept of
ignition triangle should be understood. For
instance, the spark should be strong enough
which falls into the ignition system, oxidation
or ignition as in the mixing of fuel and air, and
also high compression which is related to the
valve  mechanism. Learning for these

competence requires analytical capability, high
level of critical thinking and even scientific
dimension in the level of procedural and
metacognitive should be mastered.

Problem Based Learning has a role in the
gasoline motor curriculum. This requires the
ability of facilitators or the role of teachers in
packaging problems that often arise in the field
or at work [21]. The gasoline motor practice
competence refers to the competency standards
of Indonesian National Qualification
Framework.Problems also often arise due to
differences in size or component changes due to
excessive vehicle use that resulted in worn-out
components. The size specification is worn out,
and it needs adjustment or re-maintenance and
even component replacement when it exceeds
the specification limit. The purpose of the
adjustment is to return the machine to its
optimum performance.

The above issues can be used as the
material for learning activities thus the students
are expected to analyze problems, build
hypotheses, perform tests, summarize the
results and even discuss with other groups with
different problems. As explained by Fogarty
[22] and Tan [23], the PBL implementation
include (1) meet the problem; (2) generate
questions; (5) make hypotheses; (6) rephrase
the problem; (7) generate alternative solutions;
and (8) present the solutions, preferably with
justifications. Summarized by Phumeechanya &
Wannapiroon [24], five actions in the PBL are
(1) study the content, (2) present the problem,
(3) problem-solving planning, (4) problem
solving, and (5) identify generalizations and
principles derived from studying the problem.
Based on the opinion of practitioners, the
implementation of PBL on the gasoline motor
curriculum use the general formula from
Sharma [25] with the stages presented in Table
1.
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Table 1. Stages in PBL Implementation and Activities

PBL Stages

Facilitator Activities

Students Activities

Stage 1 a. Facilitator explains the objective of gasoline a.
stages, learning

orienting students to motor practice, learning
the problems facilities, and target

Students analyze their requirements
and starting point of the problem

b. Facilitator motivates the role of practice in the

future
Stage 2 c. Facilitator divides students into groups of 6-8 b. Discuss in the team and appoint the
organizing students for people team-leader
the study d. Explains preliminary problems that are found c¢. Conduct preliminary experiment
in the engine
Stage 3 e. Encourages students to use various information d.  Actively participate in  using

assisting independent sources and media

and group f.  Encourages students to do tests on the gasoline

investigation motor

g. Encourages students to seek explanations and

information media and link the
problems

e.  Using the measuring instruments and
safety gear as procedure and start

solutions collecting preliminary data
f.  Build hypotheses for the problems
found and then solve them
Stage 4 h.  Helps students plan and prepare the experiment g. Communicate among students
developing and results h.  Hold group discussion

presenting reports,

videos, models, etc.

Stage 5 i
analyzing and

evaluating the problem-
solving process.

conducted

Reflects on the investigation that has been j.

i.  Prepare question sheets

Take notes and listen to the
conclusion and evaluate the result of
group works

METHOD

This is a classroom action research based
on Mc Taggart [26] and Kemmis & McTaggart
[27] consisting of three cycles with the
reflection stage done at the end of the action.
The study was conducted in the Department of
Engineering Education at Banten in the Sixth
semester. The students are 19 to 22 years old.
Steps in this study were based on a modified
action cycle proposed by Eliott [28] presented
in Figure 1.

The target population of this study
consisted of 30 students of Mechanical
Engineering Education in the Gasoline Motor
Practice Curriculum. The learning groups
consist of 6 to 9 people. Students form the
groups on their own to make the learning as
their conditions, and they can work in the team.
The results of this study are utilized to observe
the improvement brought by PBL. Therefore it
can be presented as a recommendation for other
subjects with the same characteristics. The
established team is then elected one person as a
steering committee or acting as chairman [13],
[29]. The chairman plays the same role as the

other learners but has a more dominant role
during team conditioning (discussion, job
sharing) as well as communicating with the
facilitator.
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Figure 1. Steps in Modified Action Cycle
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Before the PBL begins, the facilitator
explains direction and actions to be taken
during the learning process. The performance
appraisal sheets with the criteria of tools usage
and work attitudes, ability to analyze a job,
speed to complete the task, the ability to read
pictures and symbols, and suitability of form
were prepared for the end of the session [30].
This is for evaluation of the PBL method with a
rating scale of 0, 1, 2, and 3. Next, during the
PBL, collaborators, and facilitators conducted
observations using observation sheets for the
critical  thinking, motivation and group
dynamics. It is in the form of 12 questionnaires
consisting of 4 critical thinking indicators, three
motivational indicators, and five indicators of
group dynamics with Likert scale 1 to 5. The
PBL will be categorized as successful when the
scores are in the good enough category.

Students, throughout the  process,
evaluate themselves based on their experiences
and perceptions. Hard skill assessment is done
by the facilitator using observation method on
the process and the results that are presented by
students during the learning process with PBL.
Assessment of critical thinking will observe the
ability of individuals to build problems
hypotheses, present information, identify
problems, and also the results of group
discussions. Motivation is assessed based on

Use of Tools and Work Attitude
SR
/ 3 Analyzing Jobs

[’ Psikomotor | Speed of Working Tasks

Skill Ability to read images or
symbol

“T—k—"Suitabilty of initial conditions
2
3
2
O

r \
' \

Participation in answering or expressing
opinions, completing tasks and timeliness.
While group dynamics are scored by peer
encouragement to communicate, listening and
pay attention to others, dominance in group
discussions, and cooperation comfort. The
concept map of PBL Rating on Motorcycle Gas
Curriculum is presented in Figure 2. The
quantitative data is then further analyzed by
presenting the percentage and then conversed
descriptively. These are done in the beginning
and at the end of data collection [31]-[34].

RESULTS AND DISCUSSION

Problem Based Learning Implementation
in each cycle of the action is observed by
facilitators and collaborators to see the students’
thinking ability. Indicators that were observed
consist of four aspects, namely (1) the ability of
problem identification, (2) the ability to build
hypotheses in PBL, (3) the ability to present
information source correctly, and (4) discussion
result with the group. All four aspects above
become the measure to determine the student’s
ability for critical thinking when presented with
problems during the learning process in
gasoline motor curriculum. The improvements
observed for each cycle are summarized in
Table 2.
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Figure 2. Concept Map of PBL Rating on Motorcycle Gas Curriculum
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Table 2. Improvement in Critical Thinking Ability with PBL

Critical Thinking Indicator Average Improvement
Cycle 1 Cycle Il Cycle Il Ci-n Cit-m
Hypotheses ability in PBL 3.0 3.6 3.9 0.5 0.3
Presenting Information 3.4 3.6 3.9 0.2 0.3
Problem Identification 3.2 3.7 4.1 0.4 0.4
Group Discussion Result 3.2 35 3.8 0.3 0.3
Critical Thinking average 3.2 3.6 3.9 0.4 0.3

Data analysis presented in Table 2 shows
the improvement in every cycle. The overall
average for cycle 1 for assessment in the ability
for critical thinking is 3.2 categorized as good
enough. Failure analysis for cycle | resulted in
an improvement of the score. It becomes 3.6.
That is increase 0.4. Furthermore, to observe
the influence of action more deeply, a reflection
of cycle Il bring result as much as 3.9, an
improvement of 0.3.

Based on the indicators used as the
benchmark for each cycle, they all are in the
good enough category. This means that the
minimum requirements have been met. The
problem identification ability based on cycles

Less Less
than Good than

good
15%

Good_ enoug

enough R h
48% 38%

(@

In cycle I, 15% of 30 students are in the
category of less than good. Reflection based on
the input of collaborators is then applied in
cycle 11 that resulted in 9% the category of less
than good. Reflection is done again, and some
inputs are used as a reference for cycle Il that
can overcome the less than good condition. In
the good enough category, there is a reduction
after each cycle. First, it is 48% and then 38%
and finally 33%. The improvement can be
observed in the good category, from 37% to
39%, and in the end, it is 44%. The very good
category, with 0% increased to 15% and ended

% 0%

are 3.2, 3.7, and 4.1 respectively. The increased
span is 0.9. Hypothesis building ability based
on cycles are 3.0, 3.6, and 3.9 respectively, the
increased span is 0.9. The information sources
proposal ability based on cycles are 3.4, 3.6,
and 3.9 respectively, the increased span is 0.5.
While the result of the group discussion based
on cycles is 3.2, 3, 5, and 3.8 respectively, the
increased span is 0.6. The students’ ability in
identifying  problems and  determining
hypotheses in PBL is good. The ability of
critical thinking is considered good and can be
observed from the problem identification. The
success of this category in each cycle is
presented in Figure 3.

Very  Good Very
200d anough

1500 330° ;;;;;

Good
44%

(©)
Figure 3. Critical Thinking Score Distribution in (a) Cycle I, (b) Cycle Il, and (c) Cycle 11l

up at 23%. The success of PBL to improve
critical thinking cannot be separated from the
students desire to demonstrate better learning
quality. PBL is a good method to well
underway to improve the critical thinking and
more active learning.

Motivation data collection was based on
observations by collaborators and facilitators
during the PBL classes. Some indicators of
students’ motivation are (1) participation in
answering and expressing opinions, (2) task
completion, and (3) timeliness. Students
motivation improvement is observed in cycle Il
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and cycle 11l that was conducted based on the
result of reflection from the previous cycle.
Researchers assumed that the critical thinking
improvement influent linearly the student's
motivation. Besides, PBL plays an active role in
the independent environment as well as in
groups. The increase in each indicator for each
cycle can be observed in Table 3.

Table 3 shows the increase in each cycle.
Motivation is shown in cycle | with an average
of 3.0 in the good enough category threshold.
Indicator analysis shows failing at timeliness.
Learning in a PBL class is the first experiential
learning, requiring adaptation, especially
activities related to the motivation, it needs
special direction from the facilitator. These
results serve as a rationale and an improvement
basis for cycle Il. Facilitators and collaborators
determined strategies for each indicator, namely
rewarding an active team, and limiting the time
for the tasks.

The strategy was then applied in cycle II.
It obtained a score of 3.5, increasing 0.5 (scale
1 to 5) from the previous cycle. Each indicator
has met the minimum requirement "good
enough”.  Application of the strategy
is considered effective. Collaborators and

Table 3. Improvement in Motivation with PBL

facilitators reflected on the results of the second
cycle as considerations for cycle |Ill.
Implementation of cycle Ill gives satisfactory
results, PBL gives a positive response to
motivation. It is indicated by the scale of 4.
Those are the completion of tasks and
timeliness. Besides, the increase in cycle Il is
0.5 compared to the previous cycle of 3.5. The
increase shown during all PBL cycles is 1.0.

Table 3 shows an increase in motivation
for each cycle. Motivation to answer and
express an opinion in cycle I, cycle Il and cycle
Il are 3.0; 3.,4; and 3.8 respectively. In such an
improvement, the motivation is increasing in
stable manners. To make the motivation
improves in each cycle, it needs a facilitator
who is actively developing the student's
motivation. In the motivation indicator of task
completion, the score for three cycles is 3.2,
3.6, and 3.6. It shows a steady increase in every
cycle. While the motivation indicator of
responsibility and discipline in turning the
result timely, the results are 2.9, 3.6, and 4.1. In
this motivation indicator, it can be observed that
discipline supports PBL in the gasoline motor
curriculum. Figure 4 shows the motivation
score distribution in each cycle.

Critical Thinking Indicator Average Improvement
Cycle 1 Cycle Il Cycle 111 Ci-n Cim
Participation in answering and sharing opinions 3.0 34 3.8 0.5 0.4
Task completion 32 3.6 4.0 0.4 0.4
Timeliness 2.9 3.6 4.1 0.7 0.5
Motivation average 3.0 35 4.0 0.5 0.4
Less d Very
Less Good than Goo )

than

r |

Good
enoug Good
b enough
43% 44%

@

ifif\w/ %j g?gd////7////2 —’

Figure 4. Motivation Score Distribution (a) Cycle I, (b) Cycle I, dan (c) Cycle 11
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Cycle | has 27% (30) in the category of
less than good. The input of the collaborators
had a positive impact with the reduction in
cycle Il to 7% (30). The reflection is further
enhanced in cycle Ill, giving a positive result.
There is no more students are in the less than
good category. The least of them are good
enough, which progress from cycle I to cycle 11l
from 43% to 44% and end up decreasing to
27%. The indicators in the good category
progress from 30% to 37% and then 50%. The
very good category starts with 0% to become
12% and then 23%. So all aspects have met the
requirement. The success of PBL in increasing
students motivation is reflected in the
participation of inquiring, task completion, and
time discipline. Thus students can take
responsibility in the learning environment.
Success in improving motivation is influenced
by the involvement of a stimulate students. The
previous researcher applied PBL in Technical
Drawing also discovered that PBL could
increase learning motivation [35].

Group dynamics data were taken during
the PBL process in the motor gasoline
curriculum. Indicators of group dynamics
consisted of (1) encouraging teams, (2) listen
and pay attention, (3) group discussions

cycle is based on reflection results to improve
the group dynamics at the next cycle. The result
of group dynamics is shown in the following
Table 4.

Data analysis in Table 4 shows group
dynamics improvement in PBL class for each
cycle. For all cycles, all indicators meet the
requirement with scores of > 3.0. This means all
indicators are in the good enough category at
the least. The scores in cycle I, cycle Il and
cycle 111 were 3.3, 3.7 and 4.1 respectively. The
overall increase is 0.7 on a scale of 1 to 5.

Group dynamics is considered to be able
to bring positive changes. In the group
dynamics, the better improvement is on cycle |
to cycle Il with an increase of 0.5 for
encouraging team members to communicate
and in group discussion dominance. It seems
that the problems presented in the PBL class for
gasoline motor curriculum bring unprecedented
experiences. Therefore it stimulates activity in
the group to find a solution for the problem.

Furthermore, in cycle Il to cycle Il of
group dynamics, the best improvement is in
comfort of cooperation. The developed
indication is that PBL stimulates more on
communication, performance, and teamwork.
Overall, PBL supports group dynamics more

dominance, (4) comfort in cooperation, and (5) effectively. The group dynamics score
the team works well. The improvement of each distribution is presented in Figure 5.
Table 4. Improvement in Group Dynamics with PBL
. . Average Improvement
Group Dynamics Indicator Cycle Cycle Il Cycle Il Ci-n Cu-m
Encouraging team members to 3.2 37 40 05 03
communicate
Listening and pay attention 3.6 3.8 39 0.2 0.1
Group discussion dominance 34 3.9 4.3 0.5 0.4
Comfort in cooperation 3.3 34 4.0 0.2 0.6
The team works well 3.2 3.7 4.1 0.4 0.5
Average Group Dynamics 3.3 3.7 4.1 0.4 0.4
Less Very Less Verv

than good than

good
13%

Very
good Good good

19% enough

| ,

enough
47%

@

& B

Good
enough
37% Good

39%
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Figure 5. Group Dynamics Score Distribution (a) Cycle I, (b) Cycle II, and (c) Cycle I11
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The success of the group dynamics by the
assessment indicator is presented in Figure 8.
Assessment is rated to be successful if all
indicators are in the good enough category at
least. Thus, improvements are made from
cycles to cycles. Cycle 1 indicates the less than
good indicator was 13%. The reflection of the
collaborators and facilitators has decreased it to
5% while the cycle I11 it can be eliminated well.
The assessment of the good enough category in
the first cycle was 47%, and then it was
changed to 37% and then finally decreasing
again to 24%. These decreases bring a positive
impact on the other category. In the good
category, at first it is 33%, then 39% and
finally, in the last cycle, it is 45%. Same thing
with the very good category that starts with 7%,
then 19%, and ends up at 31%. The entire
cycles show the group dynamics of the gasoline
motor curriculum experience a positive impact
and improvement.

The PBL process is assessed through the
performance assessment sheet to observe the
psychomotor abilities in the group from process
start to the end. Assessment indicators consist
of five competencies namely (1) mastery of
tools and attitudes, (2) the problem analysis
ability, (3) the accuracy of doing and
completing tasks, (4) the ability to read problem
situations, and (5) the compatibility of pre-
engine conditions in the PBL class. From those
indicators, then it is simplified into three
indicators, point 1, basic skill ability; point 2,
3 and 4, field mastery ability; and point 5, the
final result of problem-solving. The score for
psychomotor ability by cycles is shown in
Figure 6.

100
80 B the Basic
194 27 25. proficiency skills
60 Dithe ability of
0 3 4 expertise
3 W the final result
20
| . . v

0

Cyclel Cyclell CycleIl
Figure 6. Psychomotor Ability Score Based on Indicator

Results of the psychomotor capability of
the cycle | on basic skills, the field mastery
ability, and the final result of problem-solving
are 13.1, 34.4, and 19.4 respectively with a total
of 66.9. Cycle Il see an increase, respectively
14.8, 38.1, and 22.4 for a total of 75.3. While
Cycle 11l also shows an increase of 16.5, 41.6,
and 25.4 with a total of 83.5. Figure 7 shows
the  psychomotor  ability  score.  The
improvement of psychomotor ability is 66.9 to
75.3 and then 83.5; that is 17%. Thus the PBL
in the gasoline motor curriculum gives a good
effect. Previous PBL research was applied to
the ignition system and was able to increase
psychomotor ability by 5.03% [36]. PBL is a
learning method that runs effectively on
Automotive learning.

0 25 50 75 100

Psychomotor Score Average

Figure 7. Psychomotor Ability Score
CONCLUSION

The learning process in the gasoline
motor curriculum with the application of PBL
demonstrates a positive improvement in some
abilities including (1) increased critical thinking
skills from 3.2 to 3.9 with improved soft skills
on problem identification and hypotheses
development in PBL, (2) improved motivation
during action from 3.0 to 4.0 with soft skills
improvement in the form of timeliness, and (3)
increased group dynamics during process from
3.3 to 4.1 with improvement of soft skill in the
form of dominance in discussion and how well
the groups work. All those measurements used
a Likert scale of 1 to 5. All 30 students
demonstrate the score categorized at least as
good enough during the entire cycles of PBL
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classes. PBL supports the learning process to
run actively. The learning results of the gasoline

motor

curriculum through PBL show an

increase of 17% with assessment scores of each
indicator are 66.9, 75.3, and 83.5 respectively.
The completeness of learning and learning
improvement is the achievement of learning in
PBL classes.
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