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ABSTRACT: This research aimed to describe the influence of project-based learning (PjBL) on the cognitive abilities of
students. The research method used an experimental design. The samples were classified into two studies and collected in a non-
randomized manner. The subjects were the students of the first semester in FKIP Universitas Muhammadiyah Surabaya who was
programming Indonesian course. The research data was collected by using tests to test cognitive abilities or learning outcomes.
The data was then analyzed descriptively, especially against the mean and its standard deviation. Before the statistical test, a check
was carried out on the normality and uniformity of the data. The next step is the analysis of MANOVA. Based on the results of the
discussion, it can be concluded that the value of F calculating cognitive ability was 21,836 with a significance level of 0.000.
There was a significant influence of the project-based learning model on cognitive abilities between the experimental group and
the control group. Therefore, Ho was rejected because there was an influence on students’ cognitive abilities or learning
outcomes. Thus, the hypothesis of this research was proven. The results showed that there was an influence of project-based
learning models on cognitive abilities, in this case student learning outcomes
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I. INTRODUCTION

Information technology and science continue to develop dynamically. Previously some activities took place conventionally. Today
almost all fields cannot be separated from digitization. The use of data becomes unlimited. All of that is happening along with the
rapid development of the internet network. In addition, digital-based technology is developing massively. This industrial era
indirectly disrupts various human activities. No exception is the development of the world of science, technological progress, the
dynamization of higher education (Laal et al., 2012; Laal & Laal, 2012).

The industrial revolution 4.0 and social society 5.0 play a very important role in accelerating this development (Mahajan et al.,
2021; Koes-H & Princess, 2021). Almost the entire human life cannot be separated from the dynamism of science, technology,
and information (Suherman et al., 2020; Yunita et al., 2021). Indirectly, the community must be able to harmonize themselves.
Progress in the economic field and various problems must also be able to find solutions in an integrated manner. The advancement
of the internet and everyday reality are inseparable. The two combines into one unit

Education stakeholders need to collaborate to find and determine strategies to deal with these conditions (Romero & Molina,
2011). Thus, the educational process must be revolutionized to shape the proficiency of the students in the 21st century. With the
proficiency of the century, citizens will be able to be competitive at the national and international levels (Wang, 2015; Zhao et al.,
2015).

The results of a research are definitely directed at acquiring high-level cognitive skills. If new achievements are achieved at a
low cognitive level, the impact can be less positive. The students can be individualistic. They lack tolerance and cooperation (Chu
etal., 2011; Steinberg, 2005). For this reason, educators really need to pay attention to the needs of students to be smart, critical,
and creative. The students are also expected to work together to address the problems faced on a daily basis.

However, today’s learning process seems to be more focused on learning what and how to be (Braver, 2012; Wang, 2015).
The usability value of learning is difficult to build. The purpose of studying is also just to seek high scores. Furthermore, they tend
to value the ego of a personal individual (Basilotta Gomez-Pablos et al., 2017; Hofmann et al., 2012). This condition can usually
last until they are adults. As a result, they can find it difficult to get along and cooperate with other people or the community in
their environment. Therefore, learning outcomes oriented to a high level of cognitive dimensions are a necessity. The acquisition
of skills in the field of analysis, synthesis, evaluation, affective and psychology should be an integral block (Bennett & Gadlin,
2012; Chiong & Jovanovic, 2012).

Model learning that aims to improve skills, among others, project-based learning. This old learning model remains relevant to
be applied today because it contains several advantages (Alloway & Elsworth, 2012; Kettanun, 2015). For this reason, project-
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based learning can be applied to improve the quality of learning skills (Kok et al., 2021; Van de Weijer-Bergsma & Van der Ven,
2021). Among other things, students are required to be able to design and complete their learning tasks. They must be able to
make planners, set schedules, streamline negotiations, and have responsibilities. With this learning model, students have the
opportunity to reflect on the dynamism of reality in society (Grgnlien et al., 2021; Liu et al., 2016).

Project-based learning can also be utilized to improve reflective thinking skills. With a way of deliberation and good
reasoning, it is hoped that students will overcome their duties (Mulyadi et al., 2021; Sart, 2014). The application of project-based
learning can guide students to hone their competence to overcome a learning problem. The problems of everyday scientific reality
can be approached with a project-based learning model. Indirectly, this will encourage students to achieve maximum learning
outcomes (Loes & Pascarella, 2017; Rios et al., 2010). The ability to think at a high level and reason rationally coupled with
collaborative efforts can create a conducive academic environment. Learning also has a hand in strengthening values. The
provision of tasks that are contextual, at least to innovate students in order to solve various reality problems. If this is the case,
indirectly their learning outcomes meet the requirements for obtaining the ability to understand the problem of their duties (Gavin,
2011; Loes & Pascarella, 2017; Rios et al., 2010; Tasc1, 2015).

Learning outcomes are a picture of an individual’s final competence after undergoing learning. Therefore, optimizing various
factors that affect learning outcomes really needs to be considered (Nasution & Lubis, 2019). A factor that cannot be ignored
today is the use of the technology of disambiguation. It has an important role to improve the quality of teachings. The
appropriate incorporation of materials, pedagogy and technology will increase learning motivation. Indirectly, the cognitive
competence of the learner will increase as well. (Orus et al., 2016).

In today’s digital era, educators must be willing to change. It is necessary to pilot contextual, innovative, and interesting
learning so that students are motivated to study hard. Wygal & Stout (Saptono et al., 2020) outlines several determinants of the
effectiveness of learning. These include learning and practice environments, attention, preparation and management, teaching
commitment, and design of learning environments. As a learning facilitator, lecturers are able to deliver students to learning
outcomes (Saptono et al., 2020). The results of the study are in line with the results of the Murnane and Gamini an studies
(Murnane et al., 2014). It concluded that the improvement of learning outcomes in developing countries must be balanced with the
intensity of pedagogical practice. In addition, in order for learning outcomes to improve, seminars, workshops, or strengthening
empathy programs are needed about differences in the character of educators (Araujo et al., 2016).

Learning outcomes are a change in behavior. The form is in the form of knowledge, skills, and attitudes. This is the result of
learning activities. Therefore, learning outcomes are an achievement after learning (Edrizal et al., 2018). Learning outcomes are in
the form of grades and are measured by tests. A person can be said to be successful if he has reached the criteria set in learning
(Susanti, 2014).

Related to the concept of changing knowledge, processes, and cognitive end results has been put forward in the writings of
Michelene T. H. Chi (2009). Cognitive results it is associated with the way of learning the initial information and the alteration of
knowledge that occurs (Chi & Wylie, 2014). This statement proves the existence of a link between interactivity and learning.
Assessment of learning outcomes refers more to the output of the process, not to the process itself. This means that learners are
expected to be able to answer exam questions correctly by memorizing learning materials so that their learning outcomes reach the
target (Kent et al., 2016).

Project-based learning applications are possible to help students to think at a higher level. The ability to think rationally is also
necessary when entering life in society. In this project-based learning, students work on their respective group assignments.
Therefore, it is necessary to cooperate with each other to find a solution to the problem. In this regard, the lecturers can provide
feedback on ways to solve problems(Lavrijsen et al., 2021; Stolte et al., 2019). So, in accordance with the objectives of project-
based learning, students will be guided to observe, explore, and evaluate tasks contextually and comprehensively. Indirectly,
psychomotor aspects can be well-categorized (Kazemi et al., 2012; Ogawa et al., 2020).

Il. METHODS

A. Design

This research was designed using factorial experiments. The construction of factorial experiments is a simultaneous act of
engineering.  This research used pseudo-experiments to test the relationship of one variable to another. The selected samples
were divided into experimental groups and control groups. For this reason, the research sample was not determined randomly, but
adjusted to the variables studied. This type was included in the experimental research of nonequivalent control group design.
Based on experiments on non-equivalent control groups used, the main effects and interactions between variables can be
interpreted.

B. Participants
Variables were quantifiable characters of individuals or organizations (Supratics, 2015). For that, a variable must have a different
variation of values or categories (Johnson & Christensen, 2014); (Siyoto & Sodik, 2015). Variables can also be referred to as
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variations in attributes, traits, or values of people, objects, or activities that were determined to be inferred (Sugiyono, 2019). In
the field of education, examples of variables were intelligence, learning outcomes, skills, attitudes, and so on. Learning outcomes
are variables because they have different values for each individual.

In quantitative research, variables consisted of free and bound variables. A free or independent variable was an influencing or
preceding a bound variable. Whereas bound or dependent variables can be influenced or bonded by free variables. It is the
relationship between the two variables that was used for the formulation of the hypothesis (Priyono, 2008); (Hardani et al., 2020).

In this research, project-based learning as a free variable, cognitive style as a moderator variable, and cognitive ability or
learning outcomes as a bound variable. The research was conducted at the Faculty of Teacher Training and Education,
Universitas Muhammadiyah Surabaya that had taken compulsory Indonesian course in the first semester? Several methods were
used to collect research data. The data was obtained by two steps. First, pre-test and post-test. The tests were carried out to
determine the student’s understanding as well as the uniformity and normality of the sample. The post-test was carried out to find
out the differences in the understanding of the students of the experimental and control groups. Second, questionnaire which was
used to obtain data on the project-based learning process as well as field-dependent and field-independent cognitive styles of
students.

C. Data Collection

The validity of the test was of high value if its functions to measure and produce the results of the test objectives. To test the
validity that used product-moment correlation and significance level of 0.05. The data was said to be meaningful and useful if it
can measure the values of variables and represent each research questionnaire. Furthermore, the calculation r product moment
compared with the value in r table. If the value of r counts more than the value of r table, then the data was valid.

Furthermore, it was necessary to test the reliability. This stage was carried out to determine the accuracy, stability, and
accuracy of research instruments. Examination r of instrument reliability used the SPSS application program, in particular
measurements based on the Cronbach alpha coefficient. If the score of the Cronbach alpha counting results showed a > value of
0.60, the instrument device was already reliable. However, if the score < 0.60, the instrument device needed to be reviewed.
Therefore, the purpose of uji reliability found out the level of reliability of research measuring instruments. If reliable, the
research results already met scientific research standards.

D. Data Analysis

The analysis was conducted with the SPSS Version 21 application program. This program was used to find the average and
standard deviation of pre-test and posttest scores about learning outcomes. This research was linked to project-based learning-free
variables. Before the variable data bound to the student’s learning value was tested statistically that was necessary to test
normality and homogeneity. Normality test to describe that the research data is normally distributed. Uji normality was carried
out by the formula Kolmogorov-Smirnov. Meanwhile, the homogeneity test is used to determine the uniformity of variables. The
data was homogeneous if the result of calculating the probability (p) exceeds the humber 0.05.

Data on learning outcomes were obtained from the post-test. Then, the influence of project-based learning on cognitive ability
or student learning outcomes was analyzed using the Multivariate Analysis of Variance (MANOVA) statistical test. This
technique was also used to describe the interaction between a free and bound variable. The question of the influence between
variables used a significance level of 5% or =0.05. 0

I1I.RESULT AND DISCUSSION
Learning with a project-based learning model gave students the opportunity to deepen the path material. In addition, the potential
of students can be honed to make observations and explorations. With the post-Pandemic Covid-19 conditions, the project-based
learning model can be applied online. For this reason, research in Universitas Muhammadiyah Surabaya was carried out online.
However, control class learning was held offline while maintaining health protocols. The learning process used e-learning in
Universitas Muhammadiyah Surabaya. Therefore, the learning can still take place. The appearance of e-learning was like on the
https://elearning.um-surabaya.ac.id/ page.

Before the treatment was held the pretest. The goal obtained an overview of the research sample. Therefore, the pretest was
used to describe the initial competence of the respondent. Hasil pretest the cognitive abilities of students appear as in the table
below.

Table 1. Descriptive analysis of pretest data on learning outcomes

Class N Mean Std. Deviation Std. Error Mean
Learning Outcome Experiment 66 67.05 5.076 .625
pretest Control 64 63.45 6.071 .759
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Based on the data in table 1, it was known that the pretest results of the research results of the experimental group students showed
an average of 67.05 and a standard deviation of 5.076. Meanwhile, the control group showed an average of 63.45 and a standard
deviation of 6.071. The steps performed before the t-test are testing the normality of the data and testing the homogeneity of the
data as a requirement for the analysis of the t-test. Based on the normality and homogeneity test of pretest data on learning
outcomes obtained data from the normality test of pretest data on learning outcomes with the Kolmogorov-Smirnov test, a
significant number (sig) of 0.87 was obtained. Because this result was greater than 0.05, both groups of pretest data have a
distribution normally. The results of the test with Levine’s Test on the basis of the average obtained significance (sig) of 0.66 >
0.05. Therefore, pretest data on student learning outcomes were also declared homogeneous. After the pretest data was found to be
normally distributed and had homogeneous variance, a t-test analysis of two independent samples was held against the pretest
data. The elaboration of the t-test analysis can be seen in the table below.

Table 2. Results of Pretest Analysis of Independent Test Cognitive Ability Test Sample
Levine’s t-test for Equality of Means
Test for
Equality of
Variances
F o oItself. t D Sig.(2- Mean Std.  Error 95% Confidence Interval
tailed) Difference Difference of the Difference
Lower  Upper

Equal variances
Learning assumed
outcomes pretest Equal variances

not assumed

451.066  3.665 128 .216 .592 .980 1.653  5.532

3.654 122.713 .204 3.592 .983 1.647 5.538

Based on table 2, the results of the independent sample test t-test analysis showed a figure of 0.216 (sig > 0.05). It showed that the
initial learning outcomes of the experimental group and the control group did not have significant differences. Thus, there were no
differences in the two groups. It was the abilities of both groups are the same in learning outcomes. The results of this research
needed to be described to interpret the research data that had been obtained. The first step of data description was data tabulation
which included learning outcomes data. After tabulating the data, the next step was to test normality and homogeneity as a test of
analysis requirements. After the learning outcomes data had a normal distribution with homogeneous variants, a hypothesis test
was carried out using MANOVA statistics. The descriptive results of the research were presented as in table 3 below.

Based on the data in table 3, it can be seen that the learning outcomes with an independent field cognitive style, the average
value of the experimental class is 90.85. The cognitive style of the field dependent average value of the control class was found to
be 78.69. Thus, the learning outcome value of the experimental class was higher than that of the control class with a difference of
12.16. The results of the data normality test from Kolmogorov-Smirnov found that the significance value of collaborating skills
was 0.625. While the learning outcome was 0.173. Since the significance value was more than 0.05, it can be concluded that the
data was normally distributed.

Homogeneity tests were carried out to find similarities or differences in variants of research data groups. It can be interpreted
that homogeneity is the set of data studied having a character equality. The homogeneity test was applied to data on the learning
outcomes of groups of students who were treated with Google Classroom-based project-based learning. The group of students of
field independent cognitive style and field dependent cognitive style was carried out using the Levence Test with a significance
level of 0.05. The hypothesis tested was the null hypothesis (Ho) which stated that the variance in each group was the same
(homogeneous). Acceptance or rejection was based on: (1) if the significance or probability obtained > 0.05, the variance of each
sample was the same (homogeneous). Acceptance or rejection was based on if the significance or probability obtained > 0.05, the
variance of each sample was homogeneous. If the significance or probability value obtained <0.05, the variance of each sample
was not the same (inhomogeneous). The result of the calculation was illustrated in the following table.

Table 3. Descriptive Analysis of Learning Outcomes

Project Based Learning Cognitive Style Mean Std. Deviation N

Gooale Classroom Field Independent  90.85 3.919 66

. g Total 90.85 3.919 66
Learning .

outcome LMS Field Dependent 78.69 10.671 64

Total 78.69 10.671 64

Total Field Independent  90.85 3.919 66
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Field Dependent 78.69 10.671 64
Total 84.86 10.030 130

Table 4. Homogeneity Test Results learning outcomes
Levine’s Test of Equality of Error Variances

F dfl df2 Itself.
Learning Outcomes 2.764 1 128 275
Tests the null hypothesis that the error variance of the dependent variable is equal across groups.

Table 4 of the variance homogeneity test above showed that based on the average learning outcomes data obtained levene test of
0.275 significance. Since the significance level of the > 0.05, a conclusion can be drawn that learning outcomes are homogeneous.
The MANOVA test required a condition that the matrix of variants or covariances of dependent variables must be the same.
Homogeneity tests of the variant matrix were observed based on the results of the box test. The calculation results showed a >
0.05. That was, the matrix of dependent variables had something in common. Therefore, manova analysis was actionable. After
the normality and homogeneity test and the data were declared to be normally distributed, and have homogeneous variants, the
next step was to test the research hypothesis with the MANOVA test. The results were presented in the following table.

MANOVA Multivariate test and the test of between subject effects, the statistical test above the hypothesis of this research
was declared proven. The results of data calculations to test the influence of the project-based learning model on student learning
outcomes in compulsory courses Indonesian FKIP showed the value of the learning model, namely Pillai’s Trace 0.218, Wilks’
Lambda 0.941, Hotelling’s Trace 0.312 and Roy's argest Roots 0.312. The value is equivalent to a calculated F value of 27.028
and a significance of 0.000. It meant that the project-based learning model affects student learning outcomes when taking
compulsory courses Indonesian FKIP. This condition was confirmed by the calculation of the MANOVA Test Between-Subjects
Effects. The calculated F value was 21.836, while the significance value was 0.000. Thus, it can be concluded that Ho was
rejected because there was a significant influence of learning outcomes between the experimental and control groups. Thus, the
hypothesis was stated to be proven.

Based on the results of the MANOVA Test Between Effects analysis, it was known that the calculated F value was 27.028,
while the significance value was 0.000. The score proved the influence of the project-based learning model on student learning
outcomes. This was based on pretest and posttest result data. The average value of the experimental group’s learning outcomes
was higher than that of the control group. ForeignM-67.05 and 63.45, respectively, with a difference of 3.6. Based on these
findings, it can be concluded that the application of a Project-based learning model based on Google Classroom has a better
influence on student learning outcomes than control classes (Kettanun, 2015).

The Google Classroom-based project-based learning model was one of the platforms that can help the student learning process
and facilitate supervision from lecturers. The concept of this learning model was that materials, videos and other sources were sent
through the platform. In addition, there is a reminder for students about the deadline for the project. Supervision was also easy to
do (Kwan & Wong, 2015; Lavrijsen & Verschueren, 2020). This can be interpreted to mean that project-based learning played an
important role in improving students’ cognitive competence. The results of the research stated that project-based learning can
significantly increase cognitive competence (Mulyadi et al, 2021; Stolte et al, 2019).

Table 5. Hasil Uji MANOVA Test of Between Subject Effects

Tests of Between-Subjects Effects
Source Dependent Type 1l Sum of Df Mean Square |F Itself.  [Partial Eta Squared
\Variable Squares
Corrected Model Learning 4805.2730 1 4805273  [75.264 000  |370
outcomes
Intercept Learning 033908534 |1 033908.534 [14627.613 000  |991
outcomes
Project Based Learning |- 1N9 5629.458 7 17976000 [1.836 000 761
outcomes
» Learni
Cognitive Styles earning 3464.836 1 3328000 |72.826 000  |243
outcomes
: [
Project Based Learing *l-earning 5346.375 1 54000 (126397 000  |072
Cognitive Styles outcomes
Error Learning 8172.235 128 [63.846
outcomes
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Total Learning 949170.000  [130
outcomes

Corrected Total Learning 12977.508 129
outcomes

a. R Squared = .675 (Adjusted R Squared = .603)
b. R Squared = .724 (Adjusted R Squared = .629)

Referring to the above presentations, it can be said that project-based learning provided valuable experience to students. The
mechanism of a project, the allocation of time, human resources, equipment, and materials must be properly managed in order for
the task to be completed (Braver, 2012; Suherman et al., 2020; Wang, 2015). This was in accordance with the opinion of Chaijum
& Hiranyachattada (2020) that project-based learning can improve cognitive competence or student learning outcomes. Then
student learning outcomes were the final assessment of learning based on the process and introduction that had taken place
repeatedly. In addition, learning outcomes participate in shaping individual characteristics to obtain better results. It can also
change the mindset and create better performance as well (Alloway & Elsworth, 2012; Lavrijsen & Verschueren, 2020). Learning
outcomes become the object of class assessment in the form of new competencies obtained by students after undergoing a certain
learning process (Kazemi et al., 2012; Lim & Richardson, 2020).

IVV. CONCLUSIONS

It had a result of the MANOVA Test Between-Subject Effects analysis showed that the calculated F value was 21.836 and the
significance was 0.000. It proved the influence of the project-based learning model on cognitive competence or student learning
outcomes in compulsory courses Indonesian FKIP, Universitas Muhammadiyah Surabaya. Thus, the project-based learning
(PJBL) model was able to improve the cognitive abilities of students in Universitas Muhammadiyah Surabaya in compulsory
courses Indonesian
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