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This study aimed to determine the effect of project-based learning on
student learning outcomes and creative thinking skills in computer
numeric control subjects at SMK KAL-1 Surabaya. This study used a
quasi-experimental factorial research design with a 2-way ANOVA test
technique. In this study, 66 students from class XI of the Mechanical
Engineering Expertise Program were divided into experimental groups
(n=33) and a control group (n= 33). The instrument used in this research
is in the form of test sheets and observations to measure the level of
student's creative thinking and their learning outcomes. This study found
that student learning outcomes using project-based learning are
significantly higher than students who taught using direct learning models
in computer numeric control subjects. Furthermore, the learning
outcomes of students who have a high level of creative thinking are
significantly higher than those of students who have a low level of
creative thinking. Moreover, there is an interaction between using
learning models and creative thinking on three domains of learning
outcomes (cognitive, affective, and psychomotor) in computer numeric
control subjects.

This is an open access article under the CC—BY-SA license.

O

Introduction

In the 21st century, the national education system faces complex challenges in preparing
quality human resources that compete globally. Special skills are needed to answer these
challenges: learning and innovation (Trilling & Fadel, 2009), which includes creating new ideas and
developing creative ideas (Bishop, 2011). The government has made efforts to make improvements
and improve the quality of education at various types and levels of education (Trianto, 2009). The
development of the 2013 curriculum is part of the strategy in improving the quality of education.

The theme of curriculum development 2013 is a curriculum that can produce Indonesian people
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who are productive, creative, innovative, and effective through strengthening integrated attitudes,
skills, and knowledge (Kemendikbud, 2014). In other words, students are expected to be at the level
of describing something and develop, implement, and convey new ideas to others and be open and
responsive to new and different perspectives (Guilford, 1976).

However, according to Artini (2019), earning so far in schools tends to transfer knowledge
completely from the teacher's mind to the student's mind. Hence, the teacher is more active than
the student. Students are also less trained in finding their knowledge, so their interest and attention
tend to decrease in learning, which impacts low learning outcomes. It is in line with interviews
conducted with students and teachers of Machining Engineering skill competencies at SMK KAL-1
Surabaya. In computer numeric control subject, there are several obstacles include: (1) the direct
learning is still often used so that learning seems only one way; (2) there are still many students
who do not understand the subject matter; (3) students' interest and motivation to learn is low;
and (4) lack of creativity and cooperation among students in groups. It is also shown from student
learning outcomes in the odd semester of the 2019/2020 academic year, where around 65% of
students have not achieved the minimum completeness criteria value. Thus, teachers need to find
ways to help students learn effectively to encourage their learning and innovation skills to produce
work contextually. In this case, the project-based learning model is considered suitable to be
applied by teachers in learning.

The project-based learning model uses problems as the first step in collecting and integrating
new knowledge based on students' experiences in real activities (Garza, 2016). Project-based
learning is a learning model that uses projects or activities as the core of learning. Students explore,
assess, interpret, synthesize, and provide information to produce various forms of learning
outcomes (Kemendikbud, 2014). Several previous research results found that project-based
learning can improve student learning outcomes, as well as their soft skills and hard skills (Al-
Habbah & Suparji, 2015; Cedefio et al., 2018; Sudjimat, 2016) especially creativity (Artini, 2019;
Fatmawati, 2011). Another research is Ghaleb, Almalki, & Aly (2020), which investigates the
effectiveness of project-based learning as a teaching technique for robotics courses using real robot
projects. The results of Ghaleb et al's research found that project-based learning functions as an
effective active learning tool in improving student learning outcomes and motivating them to study
and research further in the field of robotics. Therefore, project-based learning models are expected
to create interactions between students that make learning active, fun, and motivated so that
learning objectives are achieved, and most importantly, can make students think creatively (Abidin,
2013).

Nevertheless, creative thinking is a student's skill to connect, analyze and evaluate in generating

abstract ideas into practical ideas to create a value or quality of his work (Brookhart, 2010).
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Through creative thinking skills, students can direct themselves, detail ideas, analyze ideas and the
quality of personal work, and create new ideas in problem-solving. In computer numeric control
subjects, creative thinking skills are needed to solve problems that will be faced in the learning
process of making programs on the worksheet. The project-based learning model will be used as a
learning model for computer numeric control subjects with the hope that student learning
outcomes and creative thinking skills can be improved. In addition to the application of the project-
based learning model used in the learning process in the classroom, creative thinking skills are also
measured to determine the learning outcomes of each student. Therefore, this research aims to
analyze (1) the differences in learning outcomes for students who learn using a project-based
learning model than those who learn using direct learning models; (2) the differences in learning
outcomes for students with a high level of creative thinking than students with a low level of
creative thinking; and (3) the interaction between learning models and the level of creative thinking
on learning outcomes.
Project-Based Learning

According to Sani (2014), project-based learning (PjBL) is a teaching and learning strategy
involving students working on a worthwhile project to solve contextual problems or problems in
everyday life. The emergence of the project-based learning model originated from a constructivist
view that refers to contextual learning. This learning model is seen as a form of open-ended
contextual activity-based learning, which is part of the learning process that strongly emphasizes
problem-solving as a collaborative effort carried out in the learning process in a certain period
(Sanjaya, 2007). The syntax steps in the classroom that apply project-based learning are as follows:
(1) presenting the basic question and starting with an investigation; (2) preparing plans,
determining the schedule and rules for project work; (3) compiling a project work schedule from
the beginning to the completion of the project; (4) monitoring the progress of project work and
helping students who have difficulties; (5) testing the program with the Mach 3 turn application
before the program is inserted into the machine until it becomes a finished product workpiece and
conducts an assessment from the planning stage to the result presentation stage; and (6) evaluate
the product according to the standardized job sheet and dimensions and reflect on the investigation
and processes (Kemendikbud, 2014).
Direct Learning Model

Direct learning is a learning model specifically designed to develop student learning about
procedural and declarative knowledge that is well structured and learned step by step (Amri &
Ahmadi, 2010). Direct learning emphasizes learning dominated by the teacher to play an important
and dominant role in the learning process (Nur, 2011). According to Eggen & Kauchak (2012), the

essence of direct learning is that the teacher first explains and exemplifies the process, then asks
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students to practice according to what has been explained previously by the teacher and gives
feedback. The process repeats until students can apply the skills and can practice independently.
The direct learning model applied to the control class is an approach that teaches basic skills where
the lessons are very goal-oriented (Cohen, 2008). The learning environment is structured from
preparing and motivating students, explaining or demonstrating, guided exercises, feedback, and
follow-up exercises (Nur, 2011).
Creative Thinking

Creative thinking is the level of a person's ability to give birth to a new idea, either in the form
of ideas or real works that are relatively different from those that have existed before (Brookhart,
2010). Something new here does not have to be a new result even though it may appear as
something new, but it can be the result of developing or combining two or more existing concepts
(Nadjafikhah & Yaftian, 2013). Munandar (2014) explained that creative potential could be
measured using direct or indirect tests, and in the form of writing or pictures made by the subject.
Indicators of creative thinking are fluent thinking skills, flexible thinking skills, original thinking
skills, and elaborating skills (Ghufron & Suminta, 2014).
Learning Outcomes

Student learning outcomes are essentially changes in behaviour due to learning in a broader
sense covering the cognitive, affective, and psychomotor fields (Sudjana, 2011). Cognitive learning
outcomes are students' ability to build their information and knowledge in learning materials,
which are measured using test instruments (Sanjaya, 2007). The learning outcomes of the affective
domain are the character values of behavior possessed by each student, which include spiritual and
social values (Ibrahim, 2010), measured by using an attitude observation sheet. Meanwhile,
learning outcomes in the psychomotor domain of students' technical abilities, physical motor skills
refer to the ability to use tools and complete work procedures during the learning process and are
measured using performance test instruments (Muslim, 2013; Ratumanan, 2001).
Method

This type of research uses a quasi-experimental factorial research design (Sugiyono, 2013),
which aims to determine the differences in learning outcomes in the project-based learning model
and creative thinking in numerical control computer subjects. The subjects in this study were
students of class XI of the Mechanical Engineering Expertise Program at SMK KAL-1 Surabaya for
the 2020/2021 academic year, totaling 66 students. The subjects were divided into two different
groups. A first group is an experimental group involved in learning using project-based learning,
namely class XI TpmA, with 33 students. In comparison, the other 33 students came from class XI

TPmB as a control group involved in learning using the direct learning model.
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The research instrument is in the form of test sheets and observations. The test is used to
measure the level of student creative thinking skills and cognitive learning outcomes. Meanwhile,
observation is used to measure the psychomotor and affective aspects of students during learning.
However, validity and reliability tests were conducted before the learning tools, and research
instrument was used. The validity and reliability test results indicate that the instrument is valid
and feasible to use for research data collection. The analysis prerequisite test used homogeneity,
normality and linearity tests. Furthermore, the data obtained were analyzed by using a 2-way
ANOVA test (Sugiyono, 2013).

Result and Discussion

The Differences in Learning Outcomes for Students Who Learn Using A Project-Based
Learning Model than Those Who Learn Using Direct Learning Models

Based on the results of the analysis of the two-way variance data in Table 1., it is known that
there are significant differences in learning outcomes between the experimental group and the
control group in the cognitive domain (F=51.819, p<.00), affective domain (F=49.613, p<.00), and
psychomotor domain (F=.739, p<.039). These results indicated that student learning outcomes in
the experimental group taught using project-based learning were significantly higher than the
control group taught using direct learning.

Table 1. ANOVA Test Results on the Three Domain of Learning Outcomes

Domain Type I Sum of df Mean Square F Sig
Squares

Cognitive 404.580 1 404.580 51.819 .000

Affective 60.365 1 60.365 49.613 .000

Psychomotor 1.338 1 1.338 .739 .039

In addition, the mean score in Table 2. below shows that the average score of the group taught
by project-based learning (cognitive= 89.607; affective= 86.429; psychomotor= 81.673) showed a
better score than the group taught with direct learning (cognitive= 84.653; affective= 84.169;
psychomotor= 81.564). In other words, there was a difference in learning outcomes between the
experimental and control groups.

Table 2. Mean Test Results on Learning Outcomes in terms of Learning Model

, Learnin 95% Confidence interval
Domain modelg Mean Std. Error Lower Boun}; Upper Bound
Cognitive PjBL 89.607 487 88.634 90.579
DL 84.653 487 83.680 85.625
Affective PjBL 86.429 .196 86.037 86.820
DL 84.169 .194 83.782 84.557
Psychomotor PjBL 81.673 218 81.237 82.109
DL 81.564 .218 81.128 82.001
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The Differences in Learning Outcomes for Students with A High Level of Creative Thinking
than Students with A Low Level of Creative Thinking

The results of the analysis of the two-way variance data in Table 2., it is known that there are
significant differences in learning outcomes between the experimental group and the control group
in the cognitive domain (F=.563, p<.034), affective domain (F=.300, p< .045), and psychomotor
domain (F= 1.475, p< .029). These results indicate that the average value of students who have a
high level of creative thinking is higher than students who have a low level of creative thinking on
learning outcomes (cognitive, affective, and psychomotor domains).

Table 3. ANOVA Test Results for Learning Outcomes of Students with
High and Low Level Creative Thinking

Type III Sum of

Domain Squares df Mean Square F Sig
Cognitive 4.398 1 4.398 563 .034
Affective .365 1 365 .300 .045
Psychomotor 2.672 1 2.672 1.475 .029

The results of the mean scores in Table 4. also show differences in learning outcomes between
students who have high levels of creative thinking and those who have low levels of creative
thinking. It can be seen from the average score of students who have a high level of creative thinking
(cognitive= 87.388; affective= 85.304; psychomotor= 81.829) which shows a better score than the
group that has alow level of creative thinking (cognitive = 86.871; affective= 85.294; psychomotor=
81.408).

Table 4. Mean Test Results on Learning Outcomes in terms of Creative Thinking

, Level of Creative 95% Confidence interval
Domain Thi]r:king Mean Std. Error Lower Boun]; Upper Bound

Cognitive ng 86.871 487 85.899 87.844
High 87.388 487 86.415 88.361

Affective Low 85.294 .186 84.923 85.666
High 85.304 204 84.896 85.711

Psychomotor Low 81.408 218 80.972 81.844
High 81.829 .218 81.393 82.265

The Interaction between Learning Models and the Level of Creative Thinking on Learning
Outcomes

The analysis of variance presented in Table 5. shows an interaction between the use of learning
models and the level of student's creative thinking on learning outcomes (cognitive, affective, and
psychomotor domains). This can be seen from the acquisition of the F value index on learning
outcomes in the cognitive domain (F= 117,083, p< .00), affective domain (F= 97,990, p< .00) and

psychomotor domain (F= 90,649, p<.00) in each experimental group and control group.

Table 5. ANOVA Test Results on Learning Outcomes on the Influence of Learning Models and
Creative Thinking
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Domain Type I Sum of df Mean Square F Sig
Squares

Cognitive 914.138 1 914.138 117.083 .000

Affective 119.227 1 119.227 97.990 .000

Psychomotor 164.221 1 164.221 90.649 .000

Besides, the mean test results in Table 6. show a mutually influencing interaction between
project-based learning, direct learning, and the level of creative thinking on learning outcomes. It
can be seen from the acquisition of the average score of each experimental group and control group
on the three domains of learning outcomes (cognitive, affective, and psychomotor).

Table 6. Mean Test Results for Three Domains of Learning Outcomes in terms of
Learning Models and Creative Thinking

Level of Learning 95% Confidence interval
Domain Creative Model Mean Std. Error Lower Upper
Thinking Bound Bound
Low PjBL 85.625 .699 84.229 87.021
Cognitive DL 88.118 .678 86.763 89.472
High PjBL 93.588 .678 92.234 94,943
DL 81.188 .699 79.791 82.584
Low PjBL 85.000 .255 84.489 85.511
Affectve DL 85.588 270 85.049 86.128
High PjBL 87.857 .298 87.262 88.452
DL 82.750 278 82.194 83.306
Low PjBL 79.875 313 79.249 80.501
Psychomotor MPL 82.941 .304 82.334 83.549
High PjBL 83.471 304 82.863 84.078
MPL 80.188 .313 79.561 80.814

This study found that student learning outcomes in the experimental group whose project-
based learning implementation was significantly higher than the control group using the direct
learning model. The results of this study are consistent with Candra et al. (2019) and Yosar (2019),
who revealed that project-based learning impacted increasing student learning outcomes. In
computer numerical control subjects, project-based learning models present authentic problems to
students to construct their knowledge and develop higher skills and inquiry. Students became
active in participating in the learning process, which increases their learning outcomes. In line with
Muryanti (2015), project-based learning can provide many benefits when applied in learning.
Project-based learning contains complex tasks based on challenging problems that lead students to
design, solve problems, make decisions, carry out investigative activities, and work independently
or in groups (Kusumaningrum & Djukri, 2016; Nurhayati & Harianti, 2015). Project-based learning
can improve student learning outcomes, accompanied by increased learning behaviour and student
responses to learning (Khoirunisa, Sunarya, & Rahdiyanta, 2020). The quality of the learning
process carried out also increases successfully (Al-Habbah & Suparji, 2015; Cedefio et al., 2018;
Sudjimat, 2016). Thus in this study, the application of project-based learning has been proven to

improve student learning outcomes in the cognitive, affective or psychomotor domains.
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The present study also found that there are differences in the achievement of learning
outcomes (cognitive, affective, and psychomotor) in students who have a high level of creative
thinking compared to students who have a low level of creative thinking. Project-based learning
applies to learning that stimulates students' creative and critical thinking in project and product-
oriented situations. In line with Rachmawati et al. (2018) who found that students' scientific,
creative thinking skills and critical scientific thinking increased in the moderate category after
project-based learning was carried out. In addition, students who have high creative thinking skills
get higher learning outcomes than students who have low creative thinking abilities. It means that
the effect of the project-based learning model on the computer numerical control subject learning
outcomes is also highly dependent on the level of student's creative thinking. Project-based learning
encourages students to construct knowledge and skills personally. The existence of opportunities
to convey ideas, listen to other people's ideas, and reflect on their ideas on the ideas of others, is a
form of knowledge empowerment experience (Mulhayatiah, 2014).

In contrast to project-based learning, the direct learning model involves much one-way
communication. Students who have a higher level of creative thinking will find it difficult to develop
their social and interpersonal skills because they have few opportunities to be actively involved
(Trianto, 2007). In addition, learning that is more dominant with the lecture method will make
students feel bored quickly on the learning material (Widaningsih, 2010). Meanwhile, direct
learning is more effective if applied to teach explicit concepts and skills to students whose low
thinking abilities (Trianto, 2007). However, the project-based learning model helps students
complete problems in learning that are directly related to real everyday life through creative
thinking skills (Fajri & Wahyuni, 2016). Creative thinking is characterized by students producing
bright, unique, and interesting ideas in solving a problem. The findings in this study are supported
by previous research that states that the project-based learning model affects students' creative
thinking abilities (Artini, 2019; Fajri & Wahyuni, 2016; Fatmawati, 2011).

Furthermore, this present study found that there is an interaction between using the learning
models and creative thinking on three domains of learning outcomes (cognitive, affective, and
psychomotor) in computer numeric control subjects. It means that in learning which uses a project-
based learning model for students with high creative thinking skills, they get higher learning
outcomes than students with low creative thinking abilities. This study result are in line with
Mulhayatiah (2014) which show that the application of project-based learning model affects
student’s creative thinking skill and their learning outcomes. The project-based learning model is
better than the direct instruction learning model, especially in developing students' creativity in
learning (Eliza et al.,, 2017). Project-based learning made students achieved a deeper development

of knowledge and teamwork (Cedefio et al., 2018). In line with Santyasa (2012) who stated that
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learning carried out using a project-based learning model can foster students' efforts to build
complex and experiential memory representations and show a strong level of connection between
semantic, episodic, and action knowledge.

In their particular action to produce a product, students in project-based learning are also
active periodically, involving the physical, mental, and all senses related to the learning process
(Artini, 2019). Thus, project-based learning can create a more interesting and meaningful learning
experience for students while the teacher only acts as a facilitator and mediator. But it should be
noted that not all active and project-involved learning activities can be referred to as project-based
learning. The characteristics of the appropriate material if applied in the project-based learning
model include having basic competencies that emphasize the skills or knowledge aspects at the
level of application, analysis, synthesis, and evaluation. In addition, it can also produce a product
and relate to real problems or in accordance with everyday life (Kemendikbud, 2014). The teacher
must guide students towards the goals established in the dialogue between student interests and
curriculum goals and then lead group activities, which is a form of joint work in the project-based
learning method (Postholm, 2015). However, teachers can use project-based learning when they
want to develop students' creative thinking skills in designing and making projects that can be used
to solve problems systematically, so that this model can develop higher-order thinking skills in
implementing learning (Nurhayati & Harianti, 2015).

Conclusion

The purpose of this study was to determine the effect of the application of project-based
learning to enhance student’s learning outcomes and creative thinking skills in the computer
numeric control subject at SMK KAL-1 Surabaya. The findings of this study indicate that student
learning outcomes using project-based learning are significantly higher than students who taught
using direct learning models in computer numeric control subjects. Furthermore, the learning
outcomes of students who have a high level of creative thinking are significantly higher than those
of students who have a low level of creative thinking. Moreover, there is an interaction between
using learning models (project-based learning and direct learning) and creative thinking on three
domains of learning outcomes (cognitive, affective, and psychomotor) in computer numeric control
subjects. So, it can be concluded that the application of project-based learning in computer
numerical control subjects is very helpful in increasing student’s creative thinking and learning
outcomes. Given the many benefits derived from implementing project-based learning in computer
numerical control subjects, teachers should consider applying project-based learning models to
other subjects while still adjusting the characteristics of the learning materials. Thus, with the
application of project-based learning, students will become more active, creative, independent and

responsible in following each stage of learning in the classroom.
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