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Chemistry learning in high school should encourage the application of knowledge
learned to solve real-world problems around students without delay. This study
aimed at analyzing the effect of the project based e-learning model (PjBeL)
compared to direct e-learning (DeL) and academic procrastination (AP) on
students’ critical thinking skills and cognitive achievement. This quasiexperimental research used the pretest-posttest nonequivalent control group design.
The study population was 5 classes (148 students) XI MIPA of SMAN 1
Bebandem. The sample was selected using the class rendom technique to
determine 4 classes (120 students, or 81.1% of the population) as reseach samples.
This technique is also used to determine 2 classes as the experimental group and
the other 2 classes as the control group. Academic procrastination data were
collected by using questionnaires, critical thinking skills data with essay tests,
while learning achievement data with expanded multiple choice tests. The data
were analyzed descriptively and multivariate analysis of covariance. The results
showed that, (1) there were differences in critical thinking skills and student
achievement between students who studied with those models, in which the
students who studied with the PjBeL model showed a better result. (2) The
differences of students’ AP had an impact on students’ achievement, but did not
affect the achievement of their critical thinking skills. students with low academic
procrastination (LAP) achieve higher learning achievement than those with high
academic procrastination (HAP). (3) There is no interactive effect between the
learning model (PjBeL v.s DeL) and academic procrastination (LAP v.s HAP) on
both student achievement and critical thinking. The implication of this research is
that in achieving students' achievement and their critical thinking, chemistry
learning will be better using PjBeL.
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INTRODUCTION
One of the problems of learning chemistry in high school is the lack of learning
activities that encourage students to apply the knowledge learned to solve real-world
problems around them that will give meaning to them. Students are asked to practice
solving problems independently at home, without being directed to complete projects
that are relevant to learning. As a result, students only know the concept but cannot
apply it in solving questions or problems. Chemistry learning in high schools tends to
use a direct instruction model that minimizes student involvement actively in learning
(Experenza, et al., 2019). This opinion is supported by Ihsan, et al., (2019) which stated
that chemistry learning has not facilitated the students to practice critical thinking skills,
the methods used are still conventional, teacher-centered learning, the lack of
technology usage, worksheet as teaching material so that students’ experience
difficulties in developing their thinking ability.
The impact of that chemistry learning process is the results of Program for International
Student Assessment (PISA) 2018 showed that Indonesia placed 70th rank out of 78
countries with an average score of 396 (OECD, 2019). In addition, the average score of
the high school chemistry national examination (NE) results in 2019 was 50.99
(Puspendik, 2019). The results of the PISA and the NE showed that Indonesian students'
ability in answering questions that refers to critical thinking skills, logical and problem
solving in mathematics and science was still very low. This is supported by the research
of Dewi & Azizah (2019) also showed students' critical thinking skills are low so they
recommend critical thinking skills to be trained using appropriate learning models and
teaching materials. In addition, according to Nurkhaliza et al. (2018), students had not
been accustomed to solving problems and were accustomed to being given low levels of
questions, therefore they had not practiced students' critical thinking skills. Ennis (1996)
stated that students who have good critical thinking skills have a good understanding of
the concept of science. In addition, the study of Danial & Sulastri's (2019) showed that
critical thinking skills had a causal correlation with mastery of chemical concepts.
In accordance with the data above, it is now important to change the chemistry learning
process to improve critical thinking skills and student achievement. The learning process
must be relevant to the era of the industrial revolution 4.0 and can be carried out online
to address the lack of face-to-face exposure due to the spread of coronavirus disease
(Covid-19). To change the process of learning chemistry, the teacher cannot change the
learning time in class because it is in accordance with curriculum rules, yet, the learning
model can be changed. The model selected must be in accordance with the
characteristics of chemistry and be able to maximize the learning for activities that
encourage critical thinking skills and student chemistry learning achievement.
Optimal learning can be obtained if a teacher has a certain amount of knowledge, to set
learning objectives, make evaluation tools, choose relevant subject matter, design
learning experiences, and most importantly be able to integrate them into technology
(Agustini, Santyasa, & Ratminingsih, 2019). They claim that technology will provide
students with learning to set their own place and time, where and when students can
work on their learning projects. For this reason, this study applied a project based e-
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learning (PjBeL) model. This model was expected to optimize the learning process by
utilizing technology and encourage students to work on projects related to learning, so
that the critical thinking skills and learning achievement of the students increase. The
research on the integration of PjBL with e-learning strategies had been conducted by
Widyaningsih & Yusuf (2019) in which the results of this model gave impact on the
improvement of students’ learning outcomes, students’ responses positively to the
learning process, and the learning atmosphere was fun. In addition, Safitri & Suparwoto
(2018) found that project-based e-learning was effective in enhancing students' creative
thinking skills in learning physics with the material was Newton's law of motion in high
school.
Undeniably, learning in the classroom is also influenced by the academic procrastination
of students, including learning with a project based e-learning model. Solomon &
Rothblum (1985) stated that academic procrastination is a tendency to delay in starting
or completing the whole academic tasks to cconduct other activities that are not useful.
Research of Santyasa et al., (2020) on physics subjects showed significant differences in
academic achievement between students who have high academic procrastination (HAP)
and low academic procrastination (LAP). Students with low academic procrastination
(LAP) have higher learning achievement and there is an interactive effect between
learning models and academic procrastination on student academic achievement. This
finding showed that academic procrastination has an effect on learning achievement,
including in chemistry subjects, so it must be considered in improving the learning
process.
The influence of the PjBeL model and the students' academic procrastination applied in
chemistry learning to critical thinking skills and student achievement in class XI cannot
yet be revealed. Therefore, this study will examine the effect of PjBeL and academic
procrastination on critical thinking skills and chemistry learning achievement of class XI
high school students.
Project Based E-Learning
The definition of project-based learning has been revealed by several experts including
Barron et al., 1998; Wena, 2011; Craft & Caproro, 2017; Santyasa; 2017. In essence
they state project-based learning is learning that deepens knowledge and skills by indepth investigation of a real-world topic within a certain period of time, focusing on
problems and producing products. Project based learning models are implemented with
the following steps: 1) start with the essential question, 2) design a plan for the project,
3) create a schedule, 4) monitor the students and the progress of the project, 5) assess
the outcome, and 6) evaluate the experience (The George Lucas Educational
Foundation, 2007).
In order to be relevant to the era of the industrial revolution 4.0 and can be carried out
online without face to face due to the spread of coronavirus disease (covid-19), the PjBL
model is integrated with e-learning strategies. E-learning can be classified into three
categories namely adjunct, mixed / blended and fully online (Rashty in Chaeruman,
2017). In this study the e-learning applied is fully online. Naidu (2006) states there are 2
settings for e-learning namely synchronous learning and asynchronous learning. In this
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study applying asynchronous learning in the form of independent asynchronous and
collaborative asynchronous. Horton (2006) explains the e-learning flow in three cycles,
namely absorb, do and enact. Absorb is an activity that allows participants to absorb
information through seeing and hearing. Do is an activity that allows participants to
actively learn to do exercises, explore, and discover. Connect is an activity that allows
participants to learn to relate or apply what they have learned to real situations
(application in actual work).
The PjBeL model is a learning model that combines PjBL with e-learning strategies.
The PjBeL model is learning that deepens knowledge and skills by in-depth
investigation of a real-world topic within a certain period of time, focusing on problems
and producing products that are implemented with e-learning strategies. The use of elearning at PjBL aims to provide learning facilities for students because every material
and assignment can be accessed online whenever and wherever they are. PjBeL learning
steps are obtained by combining the syntax of the PjBL model with e-learning
flowcharts such as Table 2.1 (adapted from The George Lucas Educational Foundation
(2007) and Horton (2006))
Table 1
Steps in PjBeL learning
E-learning flow
Absorb
Do
Enact

Learning activities
Listening to digital material in google classroom
Work on student worksheets
Project-based learning: start with the essential question,
design a plan for the project, create a schedule, monitor
the students and the progress of the project, assess the
outcome, evaluate the experience

Asynchronous Type
independent
Collaborative and independent
Collaborative

Academic Procrastination
Academic procrastination is a type of delay that is done on the type of formal task
related to the academic field (Ferrari, et al.,1995). According to Solomon and Rothblum
(1984) academic procrastination defined the tendency shown by individuals to delay
academic assignments almost always or always.
Asri, et al., (2017) found that students with HAP have weak personality traits, negative
self-image, lack of self-regulation, high anxiety attitudes, weak cognitive, negative
learning experiences, weak mental and physical conditions. HAP leads to low learning
achievement. Milgram (1991) states that the delay consists of four dimensions which are
presented complete with indicators in Table 2.
Table 2
Dimension and indicator of the academic procrastination
No Dimension
1. A series of delaying behaviors
2. Produce substandard behavior

Indicator
Delay in academic assignments
Lags in working on tasks
Time gap between plan and actual performance
3. Involves a number of tasks that are perceived as Do other activities that are more fun
important for procrastinators
4. Produce an unpleasant emotional state
Emotional anxiety

Source: Lindblom-Ylännea et al. (2015)
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Critical Thinking Skills
Rowe, et al., (2015) defines critical thinking as the ability to draw reasonable
conclusions based on evidence, logic, and intellectual honesty. Ennis (2013) defines
critical thinking as sensible reflective thinking that focuses on deciding what to believe
or do. The critical thinking skills test was developed based on the rubric of critical
thinking skills by Ennis (2013) and adapted to Bloom's Anderson text revision range of
economics namely applying (C3), analyzing (C4) and evaluating (C5). Indicators of
critical thinking skills in research are presented in Table 3.
Table 3
Indicators of critical thinking skills in research
Dimensions of Critical
Thinking Skills
Formulate the problem

Give an argument
Do deduction
Do induction
Evaluating
Decide and implement

Indicator
1.The problem formulation is in accordance with the narrative of the
problem
2.Formulate in the form of questions that give directions to obtain answers
1.Arguments with suitable reasons.
2.Show differences and similarities.
1.Logically deduct.
2.Interpreting questions
1.Conduct complete investigation/data collection
2.Make generalizations from data, make tables, and graphs
1.Provide solutions / suggestions according to the problem
2.Providing alternatives in accordance with the theory
1.Choosing possible alternatives.
2.Determine the possible solutions that will be implemented based on theory

Student Achievement
Learning achievement is learning as the level of student success in achieving the goals
set in a teaching program (Shah, 1995). Arifin (2009) states learning achievement is
generally concerned with aspects of knowledge. Learning achievement is an educational
assessment of student progress in everything that is learned in school that involves
knowledge or skills that are stated after the results of the study (Djamarah, 1994).
Learning achievement is influenced by internal and external factors. Internal factors are
factors that exist in individuals who are learning, while external factors are factors that
exist outside the individual. Internal factors include physiological factors, intelligence or
intelligence, talents, interests, attention, student motivation and student attitudes.
External factors include family, school and community environment (Slameto, 2003).
Learning achievement in this study is influenced by the learning model factors applied
and students' academic procrastination. Cognitive domain learning achievements are
based on revised bloom taxonomy with a minimum achievement level equal to basic
competency achievement.
METHOD
Model of Research
This research is a quasi experimental with the pre test-post test control group design.
Quasi experimental design seeks to reveal the cause and effect relationship by involving
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the control group in addition to the experimental group. Quasi-experimental research
conducted as a result of complete randomization cannot be carried out perfectly, so
controlling the independent variables can be carried out only in very limited quantities.
However, using the right methodology, the results of quasi experiments can still be
scientifically justified.
Population and Sample
The population in this study were 5 classes (or 148 students) in grade XI MIPA in
SMAN 1 Bebandem in Even Semester in the Academic Year of 2019/2020. The five
classes are academically homogeneous, because when the formation of each class is
done randomly. So the random sampling technique can be used to determine four classes
as samples, namely class XI MIPA 1, XI MIPA 2, XI MIPA 3 and XI MIPA 4, each of
30 students, as samples. Then the 4 classes are drawn to determine 2 classes (XI MIPA
1 and XI MIPA 2) as an experimental class that will be taught with the PjBeL model and
2 classes (XI MIPA 3 and XI MIPA 4) as a control class learned with DeL. For data
analysis purposes, students in the control and experiment classes are each divided into
two categories, namely groups of students with high academic procrastination (HAP)
and low academic procrastination (LAP). Determination of academic procrastination in
both the control group and the experimental group was carried out using a questionnaire.
Scores obtained from the procrastination questionnaire were ranked, as many as 33% of
the upper group (20 students) stated as those with HAP, while 33% the lower group (20
students) as the group with LAP.
Data Collection and Analysis
In this study 35 items of academic procrastination questionnaire were developed on a
scale of 1-4. Before being used, the questionnaire was tested to analyze the internal
consistency of items using product moment correlation and its reliability was determined
using Cronbach's Alpha (Candiasa, 2010). Thirty items were obtained as suitable for use
in this study. The reliability of 30 items from the academic procrastination questionnaire
was 0.824 including the very high category.
Critical thinking skills tests are in the form of essay tests and achievement tests in the
form of expanded multiple choice tests, each consisting of 22 items using rubrics with a
measurement scale of 0-5 for each item. Before the test is used, the two tests are first
tested. After being tested and considering content validity, internal consistency of test
items, different power indexes, item difficulty index and test reliability, the two types of
tests were each assigned 15 items as research instruments. The reliability of the 15 items
of the critical thinking skills test was 0.907, and the reliability of the 15 items of the
student achievement test was 0.888, each including a very high category.
The data analysis technique used is descriptive analysis and multi-covariance
(multivariate analysis of covariance/mancova). Before testing the hypothesis, the
assumption test is performed, namely 1) the variance homogeneity test, 2) the normality
test, 3) the regression linearity test; 4) the significance of the regression test, and 5)
multicollinearity test. All assumption tests are conducted at a significance level of 5%.
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FINDINGS
Descriptive Analysis Results
Data about average value and standard deviation of critical thinking skills and students'
initial achievement from the results of the pretest (covariate) and critical thinking skills
and student achievement from the results of the posttest (dependent variable) in 4 groups
are presented as follows.
Table 4
Mean (M) and standard deviation (SD) students’ critical thinking (CT) and students’
achievements (SA) both PjBeL and DeL each for the low academic procrastination
(LAP) and high academic procrastination (HAP)
Critical Thinking Skill (CT)
PjBeL
SOURCE
Pre-test
M =17.75
HAP
SD = 3.51
M = 20.00
LAP
SD = 4.33
Student Achievement (SA)
PjBeL
SOURCE
Pre-test
M = 5.75
HAP
SD = 4.48
M = 12.10
LAP
SD = 9.05

Post-test
M =44.90
SD = 6.15
M = 46.75
SD = 6.96

DeL
Pre-test
M =17.80
SD = 3.68
M =19.50
SD = 2.78

Post-test
M = 36.35
SD = 5.79
M = 41.40
SD = 5.85

Post-test
M = 38.35
SD = 6.06
M = 47.65
SD = 5.82

DeL
Pre-test
M = 4.75
SD = 2.31
M = 7.20
SD = 5.88

Post-test
M = 30.60
SD = 6.97
M =38.00
SD = 9.11

The bar diagram of the 4 groups critical thinking skills and student achievement is
presented in Figure 1.

Figure 1
Students’ critical thinking skills and students’ achievement on the four groups
Research data shows that before and after the treatment of students' critical thinking
skills in the PjBeL-HAP group and the PjBeL-LAP group increased from less good
categories to good categories on HAP and very good on LAP, while DeL-HAP groups
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and DeL-LAP groups increased from not good categories to good category both on HAP
and LAP. In addition, the research data shows that before and after the treatment, the
student achievement in the PjBeL-HAP group and the PjBeL-LAP group increased from
the category of very poor to good category on HAP and very good on the LAP, while
the DeL-HAP group and the DeL-LAP group increased from not good category to good
enough category in HAP and good category in LAP.
Assumption Test Results
Homogeneity testing of variance between independent groups shows that the statistical
significance of the Leven's Test of Equality of Error Variance is greater than 0.05. This
means that the variance between learning models in all units of analysis is homogeneous.
Normality test was done using Kolmogorov-Smirnov test and the Shapiro-Wilks test
(Candiasa, 2010). The tests were carried out on pre-test and post-test data on 4 analysis
groups (PjBeL-HAP, PjBeL-LAP, DeL-HAP, DeL-LAP). The result shows that the
posttest data has sig > 0.05, which means the data is normally distributed.
The result of the analysis shows the significance value of all data on deviation from
linearity > 0.05, means that the regression direction from the covariate to the dependent
variable is linear. Thus, an increase in covariate prices will be followed by an increase in
prices on the dependent variable and vice versa. In addition, the Linearity significance
value < 0.05, means that is the form of linear regression. Collinierity testing shows
tolerance value > 0.10 and VIF value < 10, means that there are no symptoms of
collinearity in the regression model.
Table 5
Summary of MANCOVA analysis results
Source
LEARNMO
ACAPRO
ACAPRO*LEARNMO

Dependent
Variable
SA
CT
SA
CT
SA
CT

Type III Sum
df
of Squares
1242.075
1
770.295
1
921.292
1
48.952
1
6.123
1
84.808
1

Mean
Square
1242.075
770.295
921.292
48.952
6.123
84.808

F

Sig.

24.255
23.761
17.991
1.510
0.120
2.616

0.001
0.001
0.001
0.223
0.731
0.110

Based on the results of the MANCOVA analysis in table 5, the results are as follows.
Firstly, from the effect of learning model (LEARNMO) on the student achievement
(SA), its show that F = 24.255 which has a significant value of 0.001 lower than 0.05.
So that the Ho is rejected or Ha is accepted. It means that there is a significant different
of SA between them learn in the PjBeL and DeL. The SA of student learn in the PjBeL
model (M = 43.00; SD = 7.52) is higher than the learn in the DeL model (M = 34.30;
SD = 8.84).
Secondly, F value of the effect of the LEARNMO on critical thinking (CT) skills shows
that F = 23.761. The F(table;0.05) = 3.94. It turned out that F > F(table;0.05) or a significance
value of 0.001 < 0.05. Based on these results, the CT skills between students who learn
with the PjBeL model and students who learn with the DeL model is significantly
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different. The student CT who learn in the PjBeL model (M = 45.83; SD = 6.54) is
higher than the learn in the DeL model (M = 38.88; SD = 6.37).
Thirdly, the F value of the effect of academic procrastination (ACAPRO) on SA shows
F = 17.991 while the F(table; 0.05) = 3.94. It turned out that F > F(table;0.05) or a significance
value of 0.001 < 0.05. These results indicate that Ho is rejected and Ha is accepted. This
means that there are significant differences in learning achievement between students
with HAP and students with LAP. The SA of students have LAP (M = 42.83; SD =
8.99) is higher than them have HAP (M = 34.48; SD = 7.55).
Fourthly, the F value of the effect of ACAPRO on CT skills shows F = 1.510, while the
value of F(table;0.05) = 3.94. It turned out that F < F(table;0.05) or a significance value of 0.223
< 0.05. These results indicate there is no significant difference in critical thinking skills
between students with HAP and students with LAP.
Fiftly, the F values of the interactive effect between ACAPRO (LAP v.s HAP) and
LEARNMO (PjBeL V.S DeL) on SA shows F = 0.120 and on CT skills shows F =
2.616. Both turned out that F < F(table;0.05). These results indicate that Ho is accepted, so
there ar not interactive effect between learning model (PjBeL v.s DeL) and academic
procrastination (LAP v.s HAP) on both of SA and CT skills. That means PjBeL is
accommodating both for students who have HAP and for those who have LAP, as well
as DeL.
DISCUSSION
The Impact of Project Based E-Learning (PjBeL) and Directs E-Learning (DeL)
on Critical Thinking Skills and Student Achievement
The result is a difference in critical thinking skills and learning achievement between
students who study with PjBeL and students who study with DeL. The results of further
analysis show the achievement of critical thinking skills and greater learning
achievement in students who study with PjBeL compared to DeL. The results of this
study are in line with the results of Febrianita's research (2019), that there are
differences in critical thinking skills between students who learn with project-based
blanded learning and students who learn by direct learning models with better results on
learning with project-based blanded learning. Putri, et al., (2019) who stated that
students' critical thinking skills were better in the experimental class applying projectbased learning compared to students in the control class applying conventional learning.
Rajan, et al., (2019) who found that project-based learning could lead to increased
motivation and increase students' critical thinking better than conventional learning.
Safitri & Suparwoto (2018) who found that project-based e-learning was effective for
improving students' creative thinking skills in learning physics. Santyasa, et al., (2020)
who found that students who learn in the project based learning model have higher
academic achievement compared to students who learn in direct instruction.
Widyaningsih & Yusuf (2019), that learning outcomes, responses and a better learning
atmosphere for students who learn with project-based learning (PjBL) are assisted by elearning compared to students who study conventionally. Putra (2017), Mahasneh and

International Journal of Instruction, July 2021 ● Vol.14, No.3

918

Project Based E-Learning and Academic Procrastination of …

Alwan (2018), and Yao, et al., (2019), that students who learn with project based
learning model have higher academic achievement compared to students who learn with
conventional learning.
PjBeL is a learning model that combines PjBL with e-learning strategies. The
effectiveness of combining e-learning with PjBL has been studied by Abidin, et al.,
(2020) which results that project-based learning is one of the learning approaches that
can maximize online learning. The stages of the e-learning path in this study both PjBeL
and DeL and their contribution to the dependent variable are as follows.
The e-learning path consists of absorb, do, enact. At PjBeL, at the absorbing stage
students listen to digital material in google classroom by opening google classroom,
downloading the learning video provided, listening and learning the learning video
independently and recording important things learned from the video. The material in
the learning video is related to acid-base titration. The achievement of this stage is
according to the cone of Dale's experience (1969), based on the activities carried out by
students the absorption capacity is about 30% of the total knowledge to be achieved. At
this stage students' critical thinking skills have also been stimulated, especially the
dimensions of induction by collecting complete data from the video being watched and
later utilizing it in project work.
At DeL, in the absorbing stage students open google classroom, download videos
containing demonstration of acid-base titration knowledge and skills by their teacher,
listen and learn the learning video independently and record important things learned
from the video. This learning step is similar to project based e-learning, which differs
only in the video presented. In PjBeL the video presented is general, global and does not
guide students while in DeL the video is presented in small sections and the video is
guided which contain material explanation, practice exercises and how to solve the
problem. Because the steps applied are similar, the student achievement is expected to
be the same, namely the knowledge achievement around 30%.
At PjBeL, at the do stage, students work on student worksheets in groups. As an
example of a project the work of the PjBeL group students is the titration of materials in
their surrounding environment is presented in Table 6.
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Table 6
Example of a project the work of the PjBeL group students
Group
Group 1

Group 2

Group 3

Titration tool

Product Assessment Results
1) The titration tool is made of the appropriate
material, proportional shape and size, neat and
attractive appearance, the titration tool is
functional.
2) LKPD_02 complete and fill in accordingly
1) The titration tool is made of the appropriate
material, proportional shape and size, neat and
attractive appearance, the titration tool is
functional.
2) LKPD_02 complete and fill in accordingly
1) The replacement for the burette is made of
suitable material, but the substitute for the
erlenmeyer is made of a colored material so
that it can interfere with observation, the shape
and size are proportional, the appearance is
neat and attractive, it is quite functional.
2) LKPD_02 complete and fill in accordingly

Group 4

1) The substitute material for the Erlenmeyer flask
is suitable. Burette substitutes are not
appropriate because they have to be scalable
and can add dropwise.
2) LKPD_02 complete

Group 5

1) The titration tool is made of the appropriate
material, proportional shape and size, neat and
attractive appearance, the titration tool is
functional.
2) LKPD_02 complete and fill in accordingly

Students must explore information from the video and literature they have and find
solutions to problems provided in student worksheets in groups. The achievement of this
stage is according to the cone of Dale's experience (1969) based on the activities carried
out by students' absorption ability is about 50% of the knowledge to be achieved. At this
stage students' critical thinking skills begin to be practiced. By working in groups and
independently students will begin to learn to do deduction, induction, deciding and
implementing which stimulates students' critical thinking skills.
At DeL, at the do stage the students do exercises with student worksheets that are done
with the teacher's guidance. The teacher continuously checks understanding and
provides feedback through WhatsApp class group discussions. With this stage, students
are not given the independence of learning to find their own knowledge and to grow
their critical thinking skills. Students will only receive the knowledge given by their
teacher without trying to dig in from other sources. Based on this, the acquisition of
students’ knowledge will not be optimal.

International Journal of Instruction, July 2021 ● Vol.14, No.3

920

Project Based E-Learning and Academic Procrastination of …

At PjBeL, at the enact stage students take project-based learning. The projects
undertaken by the students through real-world based learning which is done in groups.
The achievement at this stage is by working on real-world based learning projects in
accordance with the Dale cone (1969) students will be able to absorb at least 90% of
knowledge. This is supported by Sani (2013) who states that project-based learning is
applied to deepen the knowledge and skills acquired by making work or projects related
to teaching materials and competencies that students expect to have.
Project-based learning provides an opportunity for students to explore material using
various methods that are meaningful to them and conduct experiments collaboratively
(Wena, 2011). Setting the PjBeL model in a collaborative manner in small groups will
enable students to deal with the complexity of opinions with a high degree of difference.
This situation will make students do an analysis of the truth of the opinions that exist,
describe things related to facts and choose the best alternative solutions and decide the
best solution for the given problem. Through discussion in groups, students will
indirectly train and develop their critical thinking skills.
Project based learning is learning designed for complex problems, in which students
conduct investigations to understand it, emphasizing learning with long-standing
activities, assignments given to students are multidisciplinary and product-oriented
(Barron et al., 1998). Learning designed for complex problems that encourage this
investigation will have an impact on improving learning outcomes, responses to good
learning, and a learning atmosphere that feels very pleasant (Widyaningsih & Yusuf,
2019).
In addition, project-based learning is essentially a learning model that places students as
builders of the knowledge they have based on the knowledge they already have. As a
result, students become active learners. Students will have high academic involvement
during their study with a project-based learning model because they are facilitated with
projects that are interesting, challenging, related to the phenomena of daily life and
relevant to problems in the community (Craft & Caproro, 2017).
In addition to encouraging learning achievement, project-based learning will encourage
critical thinking skills according to the indicators proposed by Ennis (2013). At the stage
of determining the fundamental questions, students will be trained in the ability to
formulate problems. In the stages of designing project planning, students will be trained
in the ability to do deduction, the ability to decide and implement. At the stage of
scheduling, students will be trained in the ability to decide and implement. At the stage
of monitoring students and project progress, students will be trained in the ability to
evaluate and provide arguments. In the stage of testing the results, students will be
trained in the ability to do induction, and provide arguments. In the stage of evaluating
experience, students will be trained in the ability to evaluate and provide arguments.
After all, PjBeL can improve the overall achievements of critical thinking skills. This is
consistent with the opinion that critical thinking is the ability to draw reasonable
conclusions based on evidence, logic, and intellectual honesty (Rowe, et al., 2015). It is
also supported by the opinion that critical thinking as sensible reflective thinking that
focuses on deciding what to believe or do (Ennis, 2013).
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At DeL, at the enact stage students are given training and the application of concepts in
the form of exercises that are done independently. This learning will not be able to
encourage the achievement of critical thinking skills and student achievement. DeL
ineffectiveness is caused by this model of teachers who are more active and minimize
the active involvement of students in learning (Experenza, et al., (2019). This opinion is
strengthened by stating that conventional learning strategies including DeL applied in
chemistry learning have not facilitated students to train critical thinking skills, the
method used is still conventional and teacher-centered learning so that students have
difficulty in developing their thinking skills (Ihsan, et al., 2019). Based on this, DeL
provides fewer opportunities for students to achieve deep understanding because they
only acts as a recipient of knowledge.In-depth understanding can be achieved if the
learning process emphasizes the activities of building knowledge and reflective
thinking.Thus, the application of the DeL model also lacks opportunities for students to
reflect on each learning process. It is important to do an evaluation so that students are
able to see their shortcomings as a step to improve the quality of learning.
PjBeL can encourage students to take on more and more active roles in learning. This is
consistent with the theory of constructivism that is student-centered learning. In the
learning process, the teacher acts as a facilitator or guide by guiding students in learning
without providing assistance in working on the project. In contrast to PjBeL, the
implementation of DeL tends to emphasize learning objectives in the form of additional
knowledge. This learning model emphasizes on the results so that information from the
teacher can be conveyed to students, either through direct instruction, lectures, or
assigning exercises to questions without having to pay attention to the relationship of a
concept and knowledge with the real life of students themselves. Students are not free to
develop their talents and abilities. Really formal learning activities like this are certainly
less effective in developing critical thinking skills and student learning achievement.
Based on the explanation, a generalization can be taken that the PjBeL model is superior
to the DeL model in achieving critical thinking skills and student learning achievement.
However, in this study critical thinking skills and individual student achievement in
PjBeL have not yet reached the very good category for all students. This is caused by
several factors as follows.
First, students have not been able to adjust to the PjBeL model because they are
accustomed to following the DeL model. Students do not fully understand the steps of
learning activities they have to do. During this time, students are accustomed to getting
material directly from the teacher now faced with project-based worksheets and
following the steps in the PjBeL model with groups to get knowledge related to the
material being discussed. In addition, the appeal at home due to Covid-19, makes it
difficult for students to collaborate with their groups in completing their projects.
Collaboration between groups is mostly done online through social media so that the
achievement of skills and knowledge is not evenly distributed within the group.
Second, according to the conceptual foundation of constructivism learning that students
are able to construct knowledge by allocating time that is personal and depends on the
cognitive structure of students themselves. All students can achieve their learning goals
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if they are given the opportunity, but will be achieved in different ways and at different
depths, and at different speeds. In this study, learning is only done in a short period of
time, so that not all students achieve optimal learning outcomes.
Third, group-based learning can trigger students' dependence on their groups. According
to Esminarto, et al., (2016) on cooperative learning the success of a group depends very
much on each group member. Habits depending on other group members will have an
impact on the results of the test implementation because they are accustomed to
collaborating with their friends. In addition, in project-based learning that is done with
the group, students will focus more on material related to the project being worked on,
other material that does not contribute to their project will be ignored.
Impact of Academic Procrastination on Critical Thinking Skills and Student
Achievement
There is no significant difference in critical thinking skills between students with HAP
and students with LAP. This is because academic procrastination of both LAP and HAP
is both adaptive behavior and maladaptive behavior (Munawaroh, Alhadi, & Eka
Saputra, 2017). It is called maladaptive behavior because academic procrastination has a
negative impact on the perpetrator, whereas it is called adaptive because individuals
postpone tasks because they want to do the task better. Individuals who have HAP feel
they have an advantage when doing academic procrastination because they want to do a
better job, so they decide to postpone submitting project assignments. Individuals who
have HAP feel they experience a loss when they lose the opportunity to develop better
critical thinking skills when working on project tasks, feelings of laziness, and physical
exhaustion (Munawaroh, Alhadi, & Eka Saputra, 2017). It is for this reason that students
who have LAP and HAP show the same critical thinking achievement in chemistry
learning.
For student achievement, there are significant differences in student achievement
between students with HAP and students with LAP. The results of further analysis show
greater achievement in students with LAP. Based on this, critical thinking skills are not
influenced by AP, while learning achievement is in accordance with AP.
The results of research on the effect of AP on student achievement are in line with the
results of research conducted by Hidayat et al. (2018) who found that there was an
influence of AP on student learning outcomes. This finding is also supported by Asri, et
al., (2017) which states that HAP, leads to low learning achievement. The results of this
study are also in line with the study of Santyasa, et al., (2020) who found that the higher
a person's AP, the tendency that occurred was a decrease in learning achievement so that
higher learning achievement was achieved by students who had LAP. However, relevant
research on the effects of AP on critical thinking skills has not been found.
AP is a tendency to delay in starting or completing academic tasks (Solomon &
Rothblum, 1984; Ferrari et al., 1995; Millgram, 1991). Learning in class can not be
denied also influenced by the student's AP. This influence occurs because HAP has
weak personality traits, negative self-image, lack of self-regulation, high anxiety
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attitudes, weak cognitive, negative learning experiences, weak mental and physical
conditions, so students do not immediately feel challenged to do their work (Asri, et al .,
2017; Ojo, 2009; Santyasa, et al., 2020). Students with HAP or LAP according to these
characteristics will have an impact on student achievement but do not have an impact on
their critical thinking abilities.
Critical thinking is the ability to draw reasonable conclusions about what must be
believed or done based on evidence, logic, and intellectual honesty (Ennis, 2013; Rowe,
et al., 2015). In this study critical thinking skills are trained by working on projects or
challenging tasks. HAP or LAP, does not cause a different impact on critical thinking
skills because the delay in doing academic work does not mean that students do not do
their academic work. The execution of academic assignments is still carried out in a
slow and delayed condition but is eventually resolved. This shows that students' critical
thinking in the form of the ability to formulate problems, provide arguments, conduct
deduction, conduct induction, conduct evaluations, decide and implement remain trained
during the work of the task or project so that task delays will not have an impact on the
achievement of critical thinking skills.
AP has an impact on student achievement, HAP causes students to continue to delay
learning, especially on material that has nothing to do with the completion of their
projects or assignments. This will have an impact on their achievements. This is
supported by Slameto (2003) which states that learning achievement is influenced by
internal and external factors. Internal factors are factors that exist in individuals who are
learning, one of them is the attitude of students.
AP is one of the factors that influences student achievement (Asri, et al., 2017; Santyasa,
et al., 2020). The high academic procratination has an impact on students who have low
self-regulation, he will continue to delay learning so that his achievement will not be
optimal. Conversely, students with LAP rarely or never postpone learning so that
optimal learning achievement is achieved (Asri, et al., 2017; Santyasa, et al., 2020).
Based on the explanation, a generalization can be taken that HAP or LAP will have a
significant impact on student achievement, but does not have a significant impact on
students' critical thinking skills.
Interaction between E-Learning Model (PjBeL versus DeL) and Academic
Procrastination on Critical Thinking Skills and Student Achievement
The results of this study indicated the effect of the treatment given (PjBeL versus DeL)
on student achievement did not depend on student academic procrastination. This
showed that both learning models were accommodative towards students' academic
procrastination are high or low.
Wena (2011) stated that project-based learning can accommodate various learning styles
owned by the students, by providing opportunities for students to explore material using
various methods that were meaningful to themselves and conducting collaborative
experiments. It proves that the PjBeL is accommodative to various learning styles, one
of which includes academic procrastination. For the DeL, since students are only
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passively accepting material from their teachers, the proportion of academic
procrastination is not very influential.
In addition, the role of e-learning strategies in both models makes both models are
accommodative to academic procrastination. It is because e-learning is a method that
allows students without time limit to learn the material to understand it and can learn at
their own pace (Unala & Hasturkb, 2019).
Asri, et al., (2017) and Santyasa, et al., (2020) stated several main factors causing
academic procrastination including students' assumptions that the assignments given by
teachers were not important and not useful for their lives. The application of the PjBeL
model based on real world problems causes these factors not to emerge. At DeL, since
the teacher provides step-by-step learning and giving relevant examples, these factors
can also be overcome. The second factor causing procrastination is the task given by the
teacher is too much and the time is limited so that students feel burdensome, it does not
occur with the implementation of PjBeL and DeL based on e-learning. The third factor
causing procrastination is that students consider the given task is difficult, nor does it
occur because the project given is based on the real world. The fourth factor causing
procrastination is that students lack the knowledge to be able to do the task, it does not
occur with the application of PjBeL and DeL because with the help of e-learning,
students can access material online on the internet. Likewise other academic
procrastination factors can be accommodated by both models.
Based on the explanation, it can be taken a generalization that both e-learning models
(PjBeL versus DeL) are accommodative towards students' academic procrastination
either high or low
CONCLUSION
Based on the results of the analysis, it can be concluded several things. Firstly, there are
significant differences of both students’ achievement and critical thinking skills between
students learn in the PjBeL and DeL models. The students’ achievement and their
critical thinking skills of them learn in the PjBeL model each is greater than them learn
in the DeL model. The implication of this finding is that learning chemistry will be more
meaningful if the teacher facilitates student learning with a project-based e-learning
model, both in achieving students' achievement and in the development of students'
critical thinking skills. Secondly, there is a significant different of students’ achievement
between them have low academic procrastination and them have high academic
procrastination. The students’ achievement of students have low academic
procrastination is greater than them have high academic procrastination. This means that
in learning chemistry, students who often postpone learning should be given a lot of
guidance, so that they can gradually improve their discipline to immediately do their
learning tasks. However, there is not a significant of student critical thinking skill
between the two levels of academic procrastination. Thirdly, there are not interactive
iffect of learning model (PjBeL v.s DeL) and academic procrastination (LAP v.s HAP)
on the syudents’ achievement and as well as their on their critical thinking skill. These
have implication that the two learning models accommodative for all levels of the
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students’ academic procrastination. Suggestions that can be made from the results of this
study are 1) to obtain better students’ achievement and their critical thinking skills in
learning chemistry, teachers should more intensively study, understand, and apply
PjBeL model in learning. This model should be socialized to students, especially
regarding the benefits that can be obtained by students if they learn to use PjBeL. One of
the advantages that need to be socialized is that the PjBeL model can reduce academic
procrastination behavior. 2) Teachers need to provide guidance to students to get out of
procrastination behavior, by means of individual, classical, and preventive intervention
in large class formats. These interventions can be done by focusing on solutions, with
guided imagery techniques and applied step by step, encouraging students to imagine
themselves thinking, feeling, and behaving in ways that will show they can solve
problems without procrastinate.
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