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Abstract—Project-Based Research Learning (PBRL) is one of the learning
models that stimulate students to be active and innovative in developing products.
The purposes of this study were to determine 1) the influence of the PBRL inte-
grated with e-learning on students' spatial thinking ability, 2) the influence of the
PBRL integrated with e-learning on the students' ability to make disaster man-
agement projects, and 3) the influence of the PBRL integrated with e-learning on
learning outcomes. The data analysis was used independent samples t-test from
six essay questions and grading rubrics measurement. The results showed 1) a
significant influence of the PBRL integrated with e-learning on students spatial
thinking ability, 2) an influence of the PBRL integrated with e-learning on the
students' ability to make disaster management projects, and 3) a significant influ-
ence of the PBRL integrated with e-learning on learning outcomes. The learning
model is also effective as an alternative for distance learning.

Keywords—PBRL, E-Learning, Spatial Thinking, Learning Outcomes, Disas-
ter Management

1 Introduction

There are many problems faced by students in applying scientific learning. Data col-
lected that to support problem-solving management and to create a product is still lim-
ited by reading a book. Students were expected to collect data from secondary data of
related institutions or in the field either through observation, interviews, or question-
naires. Also, the low creativity of students made them difficult to create products [1],
[2].

In the future, the problem-solving ability will become increasingly important, and
the need for physical skills will decrease. Figure 1 below indicates changes in labor
skills requirements. The changes in workforce skills requirements showed in the fol-
lowing figure 1. The changes in workforce skills needed in the future is the ability to
solve problems (36%), the social ability or collaborative skill (19%), and the ability to
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process and finish tasks (18%) [4]. Therefore, teacher need to facilitate and teach learn-
ing as pleasure that focuses on competencies, future skills, and character development
[3].

The current assessment system is summative/punitive, standardizes the valuation,
and the future situation of the assessment is formative/supporting the assessment based
on the portfolio/project. Therefore, Indonesia now used new learning policies called
'‘Merdeka Belajar (The Free Leaning)'. The main strategies are to build 1) a technology-
based national education platform that student-centered, interdisciplinary, relevant,
project-based, and collaborative and 2) a future school/learning environment that safe
and inclusive, can utilizing technology, collaborative, creative, and support experiential
learning systems [5].

Many learning models can develop student competencies and capabilities, including
Group investigation (GI), project-based learning (PBL), earth science in the community
(Earthcomm), and project-based research learning (PBRL) [6], [7]. However, learning
models that can develop student competencies based on research and can solve prob-
lems are project-based research learning models. [6] stated that the PBRL is an individ-
ual or group project carried out within a specified period to create a product, then the
results were displayed or presented. While producing a qualified project, students were
expected to do a research so that the PBRL model was needed. Tinsley, in [6], [8] sug-
gested that project learning aimed to improve fieldwork skills, laboratory work, the
ability to analyze, organize data, and make presentations.

Spatial thinking ability is needed for students to solve problems in research activity.
It was because they have to solve authentic problems in multidisciplinary science. Be-
sides, project-based learning supported students' spatial thinking to solve disaster prob-
lems with geography education [9]. [10], [11] argued that project-based learning fo-
cuses on solving daily authentic problems through direct learning experiences in the
community and has a significant influence on students' spatial thinking ability. Moreo-
ver, project-based learning has interdisciplinary characteristics, was student-centered,
and integrated with the latest issues [12]-[14].

The advantages of PBRL are to 1) increase students' learning motivation to do mean-
ingful work, 2) increase problem-solving ability with a complexed area approach, 3)
make students to be more active to solve complex problems, 4) improve collaboration,
5) encourage students to develop and practice the communication skills, 6) increase
students ability in managing primary and secondary sources, 7) give students experi-
ence to manage the project and set time to complete the task, 8) provide learning expe-
riences according to the latest issues, 9) make learning atmosphere to be more pleasant.

The subject was implemented using the blended learning model, specifically the e-
learning model. It is because e-learning has several advantages, such as increasing ac-
cess and convenience, and improving the learning quality, reducing (or more flexible)
costs [15], [16]. Also, e-learning could make the learning process to be more independ-
ent by utilizing materials available in the online system [17]. Teachers could add more
enrichment topics online. Students’ learning activities outside classroom could be man-
aged and controlled well by the teachers [1], [18]. Moreover, it could reach students in
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a broad scope (potential to reach a global audience) and could facilitate the improve-
ment and storage of learning materials (easy updating of content as well as has archive
capabilities) [19]-[21].

Previous research related to project-based learning has been carried out by [14], [16],
[22]-[28]. Also, previous studies that examined distance learning using blended learn-
ing have been carried out by [1], [15], [18]-[22], [29]-[32]. In addition, research about
the ability of spatial thinking has also been investigated by [33]-[40].

However, there was limited research related to project-based research learning inte-
grated with blended learning to determine the ability of spatial thinking and learning
outcomes of student disaster management. Therefore, this study was conducted to find
out:

1. The effect of project-based research learning integrated with e-learning on students'
spatial thinking skills.

2. The effect of project-based research learning integrated with e-learning on the ability
of students to create disaster management projects.

3. The effect of project-based research learning integrated with e-learning on learning
outcomes.

2 Literature Review

2.1  Project-Based Research Learning

Project-Based Research Learning (PBRL) model is a project learning model that
used problems as a first step to collect and integrate new knowledge based on experi-
ence in real activities. PBRL was designed to investigate and understand complex prob-
lems. Project learning is a systematic learning model that involves students to learn
complex knowledge and skills, authentic questions and products, and assignments de-
sign [41]. It is an innovative learning and teaches the skills needed to succeed in the
future [42].

Every individual has different motivation and ability to learn and regulated their en-
vironment so that learning will be more effective [11], [24]. Therefore, it is essential to
manage learning conditions for the individual to have those attitudes and skills in learn-
ing, and the results could be maximized. PBRL is an example of a student-centered
learning model aimed to develop students' independence, and it has an excellent re-
sponse to the environment.

An ideal PBRL model used the inquiry learning strategy and the constructivist ap-
proach [23]. When PBRL is applied in learning, students will actively ask, predict, ex-
plain, and interact with concrete material using fundamental knowledge and applying
itin the new practice. Lecturers make varied evaluations to represent student knowledge
and improved the learning process. The learning was developed to make students be
able to participate in discussions, solve problems, and exchange ideas and skills. The
developed projects also had to be authentic and meaningful, relevant to student life, and
related to the real world [36], [43], [44].
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The objectives of implementing PBRL are to a) integrate learning with actual activ-
ities, b) make students learn in a directed method, (c) make students learn to work to-
gether (cooperative), (d) encourage students to do an investigation, (e) solve problems.
The implementation of PBRL in Geography learning should mention (a) a meaningful
problem in students' life, (b) essential and new issues, (c) complex and immediate prob-
lems that need to be solved, (d) a relevant problem for students, both in pedagogical
and student contexts, (e) an original problem [43].

PBRL and GIS are the concepts and skills applied to investigate real-world issues.
The learning starts with problems that were close to students. In this case, students acted
as a planner, collaborators, producers, decision-makers, and presenters [43].

Table 1. The Role of Lecturers and Students in PBRL

Step Lecturers' role Students' role
PBRL Resource Producer
Model Problem solver
Guide Planner
Facilitator Teacher for other students

The PBRL principles is same as project-based science [23]. PBRL is comprehensive
learning designed to encourage students to research real problems [43]. The PBRL el-
ements are 1) introduction, 2) definition of tasks, 3) procedures for investigation, 4)
learning resource support, 5) task completion mechanism, 6) collaboration, and 7) re-
flection and transfer of activities [43]. PBRL is a learning model that applies theory,
skills, techniques, and real-world solutions [26]. In learning Geography, the learning
should be able to integrate with technology, activities/projects, and spatial thinking
[23], [37].

The purpose of project-based learning was to improve skills such as fieldwork, la-
boratory work, the ability to analyze, organize data, and make presentations [34]. The
skills acquired through this learning will significantly influence students' future careers
through the learning process when they are in the group [45]. These include (1) being
independent and original; the goal of curriculum development is to help students be-
come independent, (2) having organizational skills; through project learning, students
will develop effectively in planning, consulting, negotiating, arranging schedules, and
other attitudes, (3) applying knowledge and skills, (4) having in-depth learning in im-
portant aspects, learning experiences, and problem-solving [46]. Also, students could
demonstrate social competence, personal management, regulation of learning [43].

2.2 Spatial thinking

Spatial thinking is a form of thinking that requires cognitive skills. According to the
National Research Council in [43], spatial thinking characteristics are as follows 1)
having the habit of spatial thinking, 2) practicing spatial thinking through information
since they have broad and deep spatial knowledge and concepts regarding spatial rep-
resentation, 3) taking a critical attitude towards spatial thinking, 4) using spatial data to
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build, articulate, and maintain understanding or point of view in solving problems and
answering questions.

From the study of various material substances, the study is always from a spatial
perspective; producing geographic regions that characterize the similarities of objects,
phenomena, patterns, problems, the earth surface's potential as a form of similarity (as
well as differences) of objects, phenomena, patterns, problems, and earth surface's po-
tential that presented and visualized. Taxonomy of spatial thinking is divided into 1)
lower level: identity, describe, count, select, 2) higher level: explain, analyze, summa-
rize, and 3) highest level: plan, predict, create [38].

Gersmehl in [49] also group 14 categories of spatial thinking and geographical skills
into three groups: 1) lower-order, the first four spatial thinking and geographical skill
codes include Location (LC), Condition (CD), Connection (CN), and Comparison (CP),
2) moderate-level, the fifth through the eighth spatial thinking and geographical skill
codes include Influence (IF), Region (RG), Hierarchy (HR), Transition (TS), and 3)
higher-order spatial thinking skills, the ninth through the fourteenth spatial thinking and
geographical skills codes include Analog (AN) ), Pattern (PT), Association (AS), Ex-
ception (EX), Diffusion (DF), and Spatial model (SM).

3 Method

3.1 Research design

The research design was used a quasi-experimental with pretest post-test non-equiv-
alent control group design. The independent variables were PBRL models with e-learn-
ing. Meanwhile, the dependent variables were the spatial thinking ability, the project
completion ability, and the learning outcomes.

Table 2. Research Design

Group Pretest Treatment Posttest
Experiment (E) Q1 X Q2
Control (C) Q1 - Q.

Source: [50]
Description
E : Experiment group
C : Control group
01 : Initial measurement in the pretest

O, :Final measurement in post-test
X :Treatment with PBRL by e-learning
- : Learning with discussion and question-answer method

3.2 Participants

The research subjects were the third-year students of the Disaster Geography course
divided into four classes, namely A, B, K, and L, from the Geography Department of
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2017. Subjects were selected using purposive sampling technique because the score
obtained in class A and B have the same average score from performance index in the
last semester. The control group from class K was 32 students, and the experimental
group from class L was 35 students. Both classes K and L were chosen because they
have the same score, seen from the learning outcomes of the previous semester.

3.3 Instrument and procedures

Six essay questions were used to measure the variables of spatial thinking ability and
learning outcomes, while an assessment rubric was used to measure the ability to do
disaster-related projects. Students are given tests to measure spatial thinking skills and
learning outcomes through pretest and posttest. The course is conducted for 16 meetings
with four meetings in a group, and the rest is done through online meetings.

3.4  Data analysis

Before analyzing a hypothesis, normality and homogeneity tests are used before con-
ducting a hypothesis test or prerequisite test. The normality prerequisite was measured
using the Shapiro-Wilk test and the Kolmogorov Smirnov normality test to determine
the distribution of data analysis. Homogeneity was measured using the Levene test to
test the equality of variances. Data analysis was measured using the independent sample
t-test with a significance level of 5%. Statistical data analysis was obtained using SPPS
software for windows version 23.

4 Result

4.1 The effect of PBRL integrated with E-learning on the spatial thinking
ability

The difference test for the two independent sample groups was carried out using the
independent sample t-test. Before testing, normality premises were tested using the Kol-
mogorov Smirnov test. If the data used does not meet the premises, then it replaced
using the Mann Whitney test. The analysis hypothesis was as follows:

e HO: There is no significant mean difference between the groups.
e H1: There are significant mean differences between groups.

Testing Criteria:

If the value of t count = 1 tavle (Z count = Z table; Z count > Z table), and or P'Value =<

0.05, then HO is rejected.

If the value of t count < t tante (Value - Z pie < Z count < Z tavte), and or p-value =

0.05, then HO is accepted.

Based on the Kolmogorov-Smirnov normality test found that the significance value
of the control group is (0.015> 0.005) and the experimental group is (0.200> 0.005).
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While the Shapiro-Wilk normality test obtained a significance value for the control
group (0.138> 0.005) and the experimental group (0.546> 0.005).

Table 3. Descriptive Scores of Students Spatial Thinking Ability

95% Confidence
Group N | Mean S.td'. Std. Error Interval for Mean Minimum | Maximum
Deviation Lower Upper
Bound Bound
Control 37 | 6.5135 4.44486 .73073 5.0315 7.9955 -3.00 15.00
Experiment| 35 |11.9429| 3.28940 .55601 10.8129 | 13.0728 5.00 19.00
Total 72 | 9.1528 4.76093 .56108 8.0340 | 10.2715 -3.00 19.00

Table 4. Mann-Whitney test of Students Spatial Thinking Ability

Ranks
Group N Mean Rank Sum of Ranks
Gain score Spatial Think- |Control 37 24.96 923.50
ing Ability Experiment 35 48.70 1704.50
Total 72

Based on the Kolmogorov Smirnov normality test, it was found that the data of con-
trol and experimental group were not normally distributed with a significance value of
less than o 5% each. Because it did not meet the premises, the Mann Whitney test was
used.

Table 5. Statistic test of Students Spatial Thinking Ability

Gain score Spatial Thinking Ability
Mann-Whitney U 220.500
Wilcoxon W 923.500
Z -4.849
Asymp. Sig. (2-tailed) .000
a. Grouping Variable: Group

From the Mann Whitney test, the calculated Z value was smaller than —Z table (-
4.849 <-1.960), and the p-value was lower than a (0.000 <0.050). Then decided that
HO is rejected, which means that there was a significant mean difference between
groups based on spatial thinking ability gain score. The mean gain score of the experi-
mental group was higher than the control group score, and the difference was signifi-
cant.

The following are the results of different tests between the experimental class and
the control class in the spatial thinking ability.
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Table 6. The Summary of Different Mean Tests of Students Spatial Thinking Ability

Group Mean St dev. Significance of normality
Control 6,5135 4,44486 0,015
Experiment 11.9429 3,28940 0,200
Z count =-4,849
Z table (5%) =1,960
p-Value Z = 0,000

Based on Table 6 explained that the average score of spatial thinking ability in the

experimental group is 11, .4 and the average score of spatial thinking ability in the
control group is 6.51. The results support the analysis in Table 6 stated that there is a
significant difference in the average score of spatial thinking ability between the two

groups.

4.2  The effect of PBRL integrated with E-learning in disaster management

projects

The following is the compatibility of the lecture program (Satuan Acara Perkulia-

han) with e-learning in the control group showed in table 7.

Table 7. Online Courses to Support Project Completion in the Control Group

The compatibility Frequency Percentage
Not supportive 5 13.51
Less supportive 16 43.24
Supportive 1 2.70
\Very supportive 15 40.54
Total 37 100.00

Table 7 showed that the respondent answer was dominated by less supportive of
43.24% and very supportive by 40.5%. While respondents chose to not supportive were

13.51%.

The following are the frequency and percentage values for the support of online
courses in completing disaster management projects in group experiments shown in

table 8.

Table 8. Online Courses to Support Project Completion in the Experiment Group

The compatibility Frequency Percentage
Not supportive 2 5.71
Less supportive 13 37.14
Supportive 12 34.29
Very supportive 8 22.86
Total 35 100.00
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Based on table 8, the highest frequency is found in disagreeing with 13 answers or
37.14%, followed by the lowest frequency found in strongly disagree with two answers
or 5.71%.

4.3  The effect of PBRL model integrated with E-learning on learning outcomes

The gain scores of learning outcomes were tested using Kolmogorov-Smirnov nor-
mality test and Shapiro-Wilk normality test. Based on the Kolmogorov-Smirnov nor-
mality test found that the significance value of the control group is (0.003> 0.005) and
the experimental group is (0.200> 0.005). While the Shapiro-Wilk normality test ob-
tained a significance value for the control group (0.123> 0.005) and the experimental
group (0.572> 0.005).

Table 9. Descriptive scores of Learning Outcomes

Descriptive
Gain score of Students Spatial Thinking Ability
95% Confidence In-
Std. terval for Mean . .
Group N Mean Deviation Std. Error Lower Upper Minimum | Maximum
Bound Bound

Control 37 | 6.8919 3.16916 .52101 5.8352 7.9485 .00 13.00
Experiment| 35 | 12.7143 | 3.48587 .58922 11,5168 | 13.9117 6.00 20.00
Total 72 9.7222 441579 52041 8.6846 10.7599 .00 20.00

Table 10. Mann-Whitney test of Learning Outcomes

Ranks
Group N Mean Rank Sum of Ranks
Gain score Spatial Thinking  |Control 37 22.80 843.50
Ability Experiment 35 50.99 1784.50
Total 72

Based on the Kolmogorov Smirnov normality test, it was found that the control and
experimental group data were not normally distributed with a significance value of less
than o 5% each. Because it did not meet the premises, the Mann Whitney test was used.

Table 11. Statistic test of Learning Outcomes

Gain score Spatial Thinking Ability
Mann-Whitney U 140.500
Wilcoxon W 843.500
z -5.747
Asymp. Sig. (2-tailed) .000
a. Grouping Variable: Group

From the Mann Whitney test, the calculated Z value was smaller than —Z table (-
5.747 <-1.960), and the p-value was lower than o (0.000 <0.050). Then decided that HO
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is rejected, which means that there was a significant mean difference between groups
based on leaning outcomes gain score. Seen from Table 11, the mean gain score of the
experimental group was higher than the control group score, and the difference was
significant. Based on the Kolmogorov Smirnov normality test, it was found that the
control and experimental group data were not normally distributed with a significance
value of less than a 5% each. Because it did not meet the premises, the Mann Whitney
test was used.

The analysis of different mean tests of learning outcomes in the control and experi-
ment groups showed in the following table 12.

Table 12. The Summary of Different Mean Tests of Learning Outcomes

Group Mean St dev. Significance of normality
Control 6.8919 3.16916 0,003
Experiment 12.7143 3.48587 0.200
Z count =-5.747
Z table (5%) =1.960
p-value Z =0.000

Based on Table 12 explained that the average score of learning outcome in the ex-
perimental group is 12.71, and the average score of learning outcome in the control
group is 6.89. It can be concluded that the average score of learning outcomes in the
experimental group was higher than the average score in the control group. The results
of the Mann-Whitney test in table 14 stated that there is a significant difference in the
average score of learning outcomes in the disaster geography course between the ex-
perimental group and the control group.

5 Discussion

5.1 The effect of PBRL on spatial thinking ability

PBRL that is integrated with e-learning has a significant effect on spatial thinking
ability. It was seen from the mean gain score of the experiment group was higher and
significantly different from the control group. Data searching for Project-Based Re-
search Learning was supported by online data, especially from institutions that related
to disaster issues.

The result also supported by the study [41] that showed from LSD test (Least Sig-
nificant Different) about project-based learning can affect the increase of students' mo-
tivation up to 14%, student creativity of 31.1%, and critical thinking skills of 34%. It
also increased the students' cognitive abilities by 28.9% of the learning provided with-
out the project. It is also supported by the results of the study by [28] that the syntax of
project learning could be very related to the research stages. It was aligned with the
steps in the scientific approach, which is a learning process that requires students to
move. It means that learning projects preceded by research will have a maximal result.
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The results of the study [51] show that there was an influence of project-based learning
on students' problem-solving skills.

Research by [22], [52] showed that there was an influence of research-based learning
approaches on students' critical thinking skills. The results showed interpretation
(75.00%), analysis (69.06%), evaluation (78.57%), inference (65.48%), and explana-
tion (62.05%) with an average of all by 70.13% so that it was categorized as high. In
the experiment group, the N-Gain value was 0.53, while in the control group, the N-
Gain value was 0.35, categorized as moderate.

The results from other studies also supported this research that the introduction, ap-
plication, and demonstration of appropriate geospatial technology can strengthen learn-
ing and facilitated the absorption of new cognitive skills [35], [53]. Based on the liter-
ature review, it can be concluded that spatial intelligence plays a role in increasing stu-
dents' disaster preparedness. The learning strategy used is the optimization of eight spa-
tial ability to improve disaster literacy are (1) comparison; (2) buffer (range); (3) region;
(4) gradient (transition); (5) hierarchy; (6) analogy; (7) patterns; and (8) associations
(relationships). This strategy is expected to reduce natural disaster fatalities among high
school students [39].

52 The effect of PBRL integrated with e-learning to support project
completion

Data analysis revealed that PBRL integrated with e-learning is very supportive to
complete individual projects because students could search the source independently.
The e-learning model is categorized as supportive. The completion of group assign-
ments is slower than the individual because the coordination is somewhat less smooth
using online messaging.

The results were supported by the study [31], [32], [54] stated that the PBRL inte-
grated with e-learning, has advantages to 1) increase access and convenience, 2) im-
prove the quality of learning, and 3) reduce (or more flexible) costs. Also, e-learning
could make the learning process to be more independent by utilizing materials available
in the online system. Teachers could add more enrichment topics online. Moreover,
distance learning that is designed using blended learning can also provide knowledge
on disaster risk reduction and disaster management [55].

5.3  The effect of PBRL integrated with e-learning on learning outcomes

The results concluded that the PBRL integrated with e-learning had a significant
effect on learning outcomes. It was seen from the mean gain score of the experiment
group was higher and significantly different from the control group. The lecturers could
gain better knowledge and skills to assess disaster teaching management based on re-
search. They also have improved skills to plan for project design and to build assess-
ment instruments for learning [5], [56], [57]. Initially, lecturers need to provide a good
explanation of what criteria are used to assess the projects made by students.

Inquiry, innovative and collaborative learning provides knowledge and abilities to
complete planned projects [42]. In designing and making products, indirect knowledge
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and skills are needed [57]. At the final stage of this learning, students are required to
have communication skills to present the projects [53]. It is necessary to direct the re-
search guidance before starting on disaster management projects and to connect with
local disasters in each region [5], [58]. the division of group assignment needed to have
equalized abilities, especially for students who were lacking.

6 Conclusion and Implication

Based on the results and discussion related to the implementation of project-based
research, learning can be concluded: 1) The PBRL integrated with e-learning has a sig-
nificant effect on spatial thinking ability. It was seen from the mean gain score of the
experiment group was higher and significantly different from the control group. 2) E-
learning has to support personal or individual projects. It is because students could
search for online sources anytime and anywhere without being influenced by others so
that it is categorized as supportive. 3) The PBRL integrated with e-learning has a sig-
nificant effect on learning outcomes. It was seen from the mean gain score of the ex-
periment group was higher and significantly different from the control group.

The results have implications for teachers to use the PBRL model integrated with
blended learning during the COVID-19 pandemic period. The blended learning must
use only one type of learning management system so that learning will be more effec-
tive. Further research can be developed using other cognitive variables to determine
their effects. Also, research on the development of teaching materials of e-modules is
needed to support this research. The application of the model does not reduce the ability
of spatial thinking, project completion, and student learning outcomes for the online
meeting.
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