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Abstract: Project Based Learning (PjBL) Model believed as a promising approach to improve the quality of
student learning in higher education. Empirical studies on the Project Based Learning model have been proven
with a focus on student learning outcomes. Affective results based on the perceived benefits of the PjBL model
and the perceived experience of the PjBL model were the most widely applied, as measured by questionnaires,
interviews, observations, and self-reflection journals. Cognitive outcomes in the form of knowledge and cognitive
strategies as well as behavioral outcomes of skills and involvement in groups were measured by questionnaires,
rubrics, tests, interviews, observations, self-reflection journals, work results, and log data. Outcomes of skills and
involvement in groups are assessed with a rubric. Future research should focus on further investigation of the
student learning process and the final product.

l. INTRODUCTION
In recent years higher education institutions have attempted to equip students with hard skills, namely
cognitive knowledge and professional skills (Vogler et al., 2018), and soft skills, such as problem solving and work
in Group(Casner-Lotto, 2006). However, this skill-related goal is not easy to achieve because traditional learning
has defined the role of the lecturer as the "transmitter of knowledge" while the student acts as the "receiver of
information".(Alorda et al., 2011). As a result, it is difficult for students to be fully involved in the educational
process, which can lead to a shallow understanding of the knowledge of the discipline. In addition, colleges, and
research universities in particular, focus more on inculcating research skills in students than on professional skills or
transferable skills. As such, this can lead to a gap between what students learn at university and what they need in
the workplace(Holmes, 2018). To change this situation, it is suggested that students be given the opportunity to
participate in real problem solving and knowledge construction in an authentic professional context. One interesting
way to achieve this goal is through the implementation of the Project Based Learning (PjBL) model. Study(Chen &
Yang, 2019), the impact of the PjBL model and the direct instruction of educators have an effect on student
academic achievement in primary, secondary, and higher education. The PjBL model in this study shows a learning
process in which students are involved in working on authentic projects and product development. The results
showed that the PjBL model had a more positive impact on student academic achievement than direct teaching.
However, only 20% (6 of 30) of the studies reviewed were conducted in universities. Addition,(Lee et al.,
2014)States thatcompared to the development of the PjBL model in K-12 education which is more massive, the
study of the PjBL model in higher education is lagging behind. Therefore, this study aims to contribute to a better
understanding of the PjBL model applied in higher education.
1.1. Project Based Learning Model
The Project Based Learning (PjBL) model refers to an inquiry-based instructional method that involves
students in knowledge construction by asking students to complete projects and develop real-world products.
(Brundiers & Wiek, 2013).(Krajcik & Blumenfeld, 2006)showing the six advantages of the PjBL model are: (1)
initial questions; (2) focus on learning objectives; (3) participation in educational activities; (4) collaboration
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between students; (5) use of technology computer; and (6) copyright works. Among all these advantages, the
attempt to solve authentic problems is the most important, which distinguishes the PjBL model from other student-
centered pedagogies, for example, Problem Based Learning (PBL).(Blumenfeld et al., 1991);(Helle et al., 2007).
This creation process requires students to work together to find solutions to authentic problems in the process of
integrating knowledge, application, and construction. Instructors and community members (eg clients), usually as
facilitators, provide feedback and support for students to assist the student learning process.

Several studies have mostly focused on the PjBL model in post-secondary education.(Helle et al.,
2006)discusses the practice of the PjBL model and the impact of the PjBL model on student learning. Regarding
practice, the authors found that most of the studies that researched limited to course descriptions in terms of course
scope, instructor requirements, and group size. Regarding the impact, study they found that only a few studies
examined the effect of the PjBL model on student learning in terms of cognitive (eg knowledge) or affective (eg
motivation) outcomes. In another study,(Ralph, 2016)reviewed fourteen studies using the PjBL model in STEM
education. It turns out that the PjBL model improves the development of both knowledge and skills of students.
Students also feel that the PjBL model encourages student collaboration and negotiation in groups. However, some
students reported a lack of motivation for teamwork.(Reis et al., 2017)reviewing PjBL model studies in engineering
education using bibliometrics (eg analysis) and classifying the research methods of the reviewed studies. The
bibliometric results show that, for example, the top three keywords used are Project Based Learning, engineering
education, and problem-based learning. The classification results revealed that more than 70% of the studies focused
on undergraduates and case studies were the most frequently used research approach. In addition, several studies
showed that students' academic knowledge, skills, and motivation increased after the PjBL model although students
also reported difficulties of the PjBL model (eg time consuming). However, this study has significant limitations.
1.2. Previous research

Although this study has mentioned student learning outcomes to some extent, there is ho comprehensive
picture of learning outcomes that can be attributed to the PjBL model, especially in universities. Therefore, in this
study, it will provide an overview of the student learning outcomes of the PjBL model in higher education based on
study empirical studies. In order to fully understand student outcomes, two research questions will be answered in
this study:

1. What are the results of the evaluation of the PjBL model for students in higher education?
2.  What instruments are used to measure student learning outcomes?

Il.  Method

Based on the articles that have been reviewed, the researcher has prepared a matrix involving the research
design, learning outcomes, measurement instruments, findings, and limitations of the studies reviewed. Based on
this matrix, researcher summarizes the results measured and the instruments used to measure those results based on
the grouping of learning outcomes and commonly used research methods (such as those used in (Brinson, 2015)and
(Post et al., 2019). Researcher divided the results into four categories, namely cognitive, affective, behavioral
outcomes, and work results. Five categories of instruments were revealed, including questionnaires, rubrics and
taxonomies, interviews, tests, and self-reflection journals.

Based on the contents of the selected articles, the researcher has prepared a matrix involving the research
design, learning outcomes, measurement instruments, findings, and limitations of the studies reviewed. Based on
this matrix, the researcher summarizes the measured results and the instruments used to measure these results based
on the grouping of learning outcomes and commonly used research methods, such as those used in (Brinson,
2015)and (Post et al., 2019). Researchers divided the results into four categories, namely cognitive, affective,
behavioral outcomes, and work performance. Five categories of instruments were revealed, including
questionnaires, rubrics and taxonomies, interviews, tests, and self-reflection journals.

I1l.  Results
More than half of the studies studied involved one group. In addition, learning outcomes and measuring

instruments that were and were measured externally were reported in the 75 reviewed studies. This study will
present findings for each learning outcome and for each type of learning outcome researcher will present the
instruments used to measure the learning outcomes.
3.1. Cognitive results
3.1.1. Knowledge

In 17 studies, student knowledge, conceptual understanding, and course achievement were reported as results
of the PjBL model. For example, biological knowledge, such as DNA cloning and isolation(Regassa & Morrison-
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Seatlar, 2009), psychological knowledge relevant to healthy living habits and stress management(Lucas &
Goodman, 2015), and technical knowledge related to aerospace engineering(Rodriguez et al., 2015), researched.
Student academic achievement, programming courses are measured in(Celik et al., 2018). Four types of instruments
(ie self-reported questionnaires, tests, rubrics, and work results) were used to measure students' knowledge, of which
self-reported questionnaires were mostly applied. The two Likert scales for example(Lucas & Goodman,
2015);(Rodriguez et al., 2015);(Torres et al., 2019) and qualitative questionnaires with open-ended questions for
example (Garcia, 2016); (Luo & Wu, 2015)used. As an example,(Katsanos et al., 2012)requires students to evaluate
knowledge of web accessibility on a Likert scale from 1 (very low) to 5 (very high). The test is the second tool that
is often used to assess students' academic knowledge for example(Celik et al., 2018);(Katsanos et al., 2012);
(Mohamadi, 2018). For example, student self-knowledge is measured by written tests with knowledge-based,
application-based, analysis-based, and synthesis-based questions.(Chu, 2014);(Chua et al., 2014). In the(Regassa &
Morrison-Seatlar, 2009), the concept of biology is examined by a three-choice test and seven open-ended questions.
Only one study (Kettanun, 2015)measure student course performance with rubrics. In this study, the
presentation of English learners was evaluated through six criteria, such as how authentic the words were and how
well they organized facts and opinions. In another study,(Usher & Barak, 2018)evaluate students' understanding of
chemistry through project analysis.
3.1.2. Cognitive strategy

Nine studies measure the cognitive learning strategies used by students in the PjBL model. For example,
students at(Hou et al., 2007)using seven strategies, including remembering, understanding, applying, analyzing,
evaluating, creating, and deviating from the topic. Likewise, students in(Stozhko et al., 2015)also uses seven
strategies, which are divided into four levels, namely the lower level (identification), the basic level (knowledge and
understanding), the intermediate level (application and analysis), and the upper level (synthesis and evaluation).
Both of them(Heo et al., 2010)and (Hou et al., 2007)identify five phases of student knowledge construction, namely
(1) information sharing; (2) detection of disagreements; (3) negotiation of meaning; (4) modification of new ideas;
and (5) a statement of agreement. In the study of(Helle et al., 2007), two cognitive processing strategies of students
were investigated, namely linking (relationship of new knowledge with previous information) and structuring
(outline of a set of ideas).

Five types of instruments (ie rubrics/taxonomies, questionnaires, interviews, observations, and work
results) were used to assess student learning strategies, of which rubrics and taxonomies were most often used, for
example (Hou et al., 2007); (Usher & Barak, 2018). As an example ,(Heo et al., 2010)develop and use an assessment
rubric with several criteria, such as students' understanding of the value of design and creativity. Both of them
(Stozhko et al., 2015)and (SY Wu et al., 2013)used Bloom's revised Taxonomy to assess students' cognitive
strategies. However, students use different taxonomy operations. Other studies use a questionnaire as an assessment
tool (Biasutti & EL-Deghaidy, 2015). (Stefanou et al., 2013)using Likert scale 7 study which focuses on the
development of the PjBL model curriculum/activities/technology and the implementation/practice of the PjBL
model, studies that measure the effect of tools/frameworks on the PjBL model, and studies that do not have clear
reports of work results.

3.2. Affective result

Affective results are divided into evaluations by students about what they have learned (whether the PjBL
model is effective) and how students feel about the learning experience.
3.2.1. Perceptions About the Benefits of the PjBL Model

Thirty-seven studies reported on student evaluations of what they learned from the PjBL model. A humber
of studies explore students' perceptions of improving content knowledge and skills, for example (Affandi &
Sukyadi, 2016); (Botha, 2010); (Costa-Silva et al., 2018); (Cudney & Kanigolla, 2014); (Mou, 2020); (Rodriguez et
al., 2015). Several studies report student attitudes, for example (Genc, 2015), motivation for example (Terrén-Lépez
et al., 2017), and self-efficacy towards the subject, for example (Bilgin et al., 2015); (Brennan et al., 2013); (Costa-
Silva et al., 2018); (Tseng et al., 2013); (T.-T. Wu et al., 2018). As an example, (Assaf, 2018)examines the impact of
the PjBL model through making videos on student attitudes towards English courses. (Belagra & Draoui,
2018)measuring the orientation of students' mastery of electrical power courses after three months of the PjBL
model being implemented. (Beier et al., 2019)assessing students' abilities, skills, and perceived motivation to master
STEM areas. (Helle et al., 2007) explores the impact of the PjBL model on learners' intrinsic motivation. Other
benefits of the PjBL model that are felt by students, such as increasing insight (Celik et al., 2018) and career after
completing education (Beier et al., 2019); (Papastergiou, 2005), is also reported.

Three types of instruments (ie questionnaire, interview, and observation) were used, of which
questionnaires were most frequently used. Both Likert scales, for example (Assaf, 2018); (Beier et al., 2019);
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(Cudney & Kanigolla, 2014); (Helle et al., 2007); (T.-T. Wu et al., 2018) and a questionnaire with open-ended
questions (Celik et al., 2018); (Genc, 2015); (Karaman & Celik, 2008) used. Interviews, including unstructured
interviews (Kettanun, 2015), semi-structured interview (Frank et al., 2003); (Genc, 2015); (Helle et al., 2007), and
focus groups (Okudan & Rzasa, 2006); (Regassa & Morrison-Seatlar, 2009), is also used. In addition to the
questionnaire, class observations were also used (Wildermoth & Rowlands, 2012).
3.2.2. Perceptions of the PjBL Model experience

Several studies reported students' general feelings about the PjBL model, for example (Assaf, 2018);
(Bagbay & Ates, 2009); (Botha, 2010); (Mahendran, 1995); (Frank et al., 2003); (Hall et al., 2012); (Ngai, 2007);
(Thomas & MacGregor, 2005); (Vogler et al., 2018); (Yang et al., 2012). Several studies have evaluated student
attitudes towards the PjBL model, for example (Usher & Barak, 2018); (Frank & Barzilia, 2004); (Lee et al., 2014);
(Musa et al., 2011); (Raycheva et al., 2017) and satisfaction with the use of PjBL, for example (Dehdashti et al.,
2013); (Gulbahar & Tinmaz, 2006); (Okudan & Rzasa, 2006). Several studies reported difficulties faced by students
during the learning process, for example (Dauletova, 2014); (Davenport, 2000); (Giilbahar & Tinmaz, 2006);
(Karaman & Celik, 2008); (Lima et al., 2007); (Mysorewala & Cheded, 2013); (Papastergiou, 2005); (Zhang et al.,
2009). As an example, (T.-T. Wu et al., 2018)explores whether using an e-book system results in the mental
endurance and effort of nursing students during coursework. (Yam & Rossini, 2010)research on the challenges felt
by students during the learning process in courses that are integrated with the PjBL model. One study explored
whether the PjBL model supports student autonomy during learning activities (Stefanou et al., 2013).

Likewise, the two questionnaires, for example(Dauletova, 2014); (Stefanou et al., 2013) and interviews, for
example (Dehdashti et al., 2013); (Zhang et al., 2009)used to measure student experience. In addition, the
experience of students is also measured by reflective journals in(Frank & Barzilia, 2004)and (Vogler et al., 2018).
3.3. Behavioral results
3.3.1. Skills

Nine studies were conducted to explore the hard skills and soft skills of students in the PjBL model. Hard
skills, such as marketing skills for hotel administration students (Vogler et al., 2018), general nursing skills for
nursing students (T.-T. Wu et al., 2018), writing skills of EFL students (Sadeghi et al., 2016), and the skills of
engineering management students to decide where to place public services in real-life situations (Berbegal-Miraben
et al., 2017), reported. Apart from hard skills, several soft skills were reported, such as problem solving and critical
thinking skills (Vogler et al., 2018); (T.-T. Wu et al., 2018); (Wurdinger & Qureshi, 2015), collaboration and
teamwork skills (Berbegal-Miraben et al., 2017); (Rodriguez et al., 2015); (Vogler et al., 2018), and lifelong
learning skills (Vogler et al., 2018); (T.-T. Wu et al., 2018). As an example, (Brassler & Jan Dettmers,
2017)emphasizes student problem solving skills from three interdisciplinary perspectives: (a) considering and
applying different views, (b) reconsidering the strategies used, and (c) using discipline-based methods. Several
phases for scenario-based problem solving, such as problem identification, data collection and analysis, and design
of alternative plans, were investigated by (Chu, 2014)and (Chua et al., 2014).

Five types of instruments (i.e. questionnaires, tests, rubrics, interviews, and reflective journals) were used
to assess student skills, of which questionnaires were the most widely used for example. (Rodriguez et al., 2015);
(T.-T. Wu et al., 2018); (Wurdinger & Qureshi, 2015). As an example, (Brassler & Jan Dettmers, 2017)using a self-
reported scale adapted from previous research. Several development steps, including literature research, concept
identification, group interview, item creation, pilot study, and revision, were used to revise the scale. Scenario-based
tests were developed by instructors and used in (Chu, 2014)and (Chua et al., 2014). In this study, students'
performance in implementing strategies to solve problems related to programming was assessed by means of a test.
Rubrics to assess students' technical skills through presentations are used from (Berbegal-Miraben et al., 2017).
Students' abilities are evaluated by scoring on content, comprehension, and presentation style and are ranked on four
levels (from advanced to inadequate). Then, (Vogler et al., 2018)using the journal how to assess skills through self-
reflection journals and interviews.

3.3.2. Engagement

Four studies focused on the student learning process in the PjBL model. Students feel involved in the
process poran study (Cudney & Kanigolla, 2014). Three aspects of student involvement, namely the level of general
involvement in semester projects, the level of participation in class discussions, and whether students apply course
concepts to practice need to be investigated. In the(Fujimura, 2016), the educational activities that students
participate in during the entire project, such as making a research plan and collecting and analyzing data, are
explored. In addition, the process of how students learn knowledge is also examined. In the(Hou, 2010), seven
patterns of learner behavior, including project topic analysis, data collection, data evaluation, project content
analysis, comprehensive analysis, comment proposal, and discussion of irrelevant information were explored. In
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the(Koh et al., 2010) the five levels of student knowledge construction, namely sharing, triggering, exploration,
integration, and resolution, were well examined in PjBL and non-PjBL model activities.

Likert scale 5 (from strongly agree to strongly disagree) with 23 questions adapted from: (Yadav et al.,
1999)and used to assess the level of student involvement in semester projects (Cudney & Kanigolla, 2014). Student
online interviews are recorded to gain insight into their learning process at (Hou, 2010)and (Koh et al., 2010). In
(Fujimura, 2016), both student reflection journals and audio recordings, discussions were used to determine their
learning activities. In addition to these two instruments, three other instruments, namely the work made by students,
student reflection journals, and focus group interviews with students, were also used to examine student learning
processes.

3.4. Student Work Result

Three types of work outcomes, namely physical objects, documents, and multimedia were most frequently
measured in the ten studies reviewed. All products are graded with a rubric. As an example, (Chu, 2014)and (Chua
et al., 2014) assessing student-made dryers with a 5-point rubric created by the instructor. Assessment criteria
include, for example, original design and product quality. (Papastergiou, 2005)evaluates student-generated websites
against five criteria, including topic, content and aesthetics, pedagogy, technology, and usability. (Rajan et al.,
2019)graded student project reports with a 5-point rubric (from very good to poor) for several writing assignments,
such as literature review, analysis, and presentation. (Torres et al., 2019)evaluate student offer reports based on three
aspects, namely report accuracy (40%), report completeness (40%), and report neatness (20%).

IV.  Discussion

Knowledge, strategies, and skills of learners are often measured by most of the instruments, namely
questionnaires, rubrics, tests, interviews, observations, and self-reflection journals. This learning outcome received a
lot of attention perhaps because the business world reported that basic knowledge and skills were very important for
students' readiness for work (Casner-Lotto, 2006). The benefits and experiences felt by students from the PjBL
model were measured by questionnaires, interviews, observations, and self-reflection journals. However, although
these two results differ from each other, in many studies reviewed they are interrelated, which makes it difficult to
interpret the findings. Student engagement was evaluated by questionnaires, interviews, self-reflection journals,
work results, and recorded student discussions in only four studies. It is necessary to examine the special learning
process of students during the study period. All work is assessed with a rubric. However, product evaluation has not
received much attention in the studies analyzed despite the creation of products that distinguish the PjBL model
from other forms of learning. Product creation is important because it helps learners to integrate and reconstruct
their knowledge, discover and improve their professional skills, and increase their interest in learning the discipline
and ability to work with others. In other words, the final product is a concentrated expression of various
competencies that students can develop during the PjBL model. Thus, further research is recommended to
investigate further about the performance of students' final products. the final product is a concentrated expression
of the various competencies that students can develop during the PjBL model. Thus, further research is
recommended to investigate further about the performance of students' final products. the final product is a
concentrated expression of the various competencies that students can develop during the PjBL model. Thus, further
research is recommended to investigate further about the performance of students’ final products.

Many of the studies reviewed did not have clear descriptions of the measurement instruments and data
analysis. Although questionnaires are most frequently used, some studies do not report on questionnaire items, for
example (Costa-Silva et al., 2018); (Davenport, 2000); (Ngai, 2007); (Seo et al., 2008). There is also a lack of clear
reports on the reliability and validity of the scale, for example (Dehdashti et al., 2013); (Sababha et al., 2016);
(Thomas & MacGregor, 2005); (Yam & Rossini, 2010). This limitation is also found in self-reported questionnaires
used in other studies such as clinical research (Kosowski et al., 2009).

Providing information about psychometric instruments is useful for researchers to use high-quality tools
and quality study results. Subsequent research should report on the items, reliability, and validity of the instruments
used. As for qualitative data analysis, some studies do not have quality validity. Standard audit procedures are
recommended to be used to ensure quality study results. In addition, the field of computer technology is often used
in the PjBL model, the use of log data as a data collection method, should be further considered. A more
comprehensive picture of student learning can be provided by data logs(Deane et al., 1998)based on various
behaviors, such as browsing, time, frequency, that are recorded. In addition, log files are suitable for finding and
analyzing student learning strategies and patterns in complex cognitive learning processes such as complex problem
solving (Greiff et al., 2016). Then, this additional information helps teachers and researchers better understand
student profiles (student interest and engagement) and improve future curriculum (Bunderson & Olsen, 1988).
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Although this study did not intend to focus on the impact of the PjBL model on student learning, the small
number of studies reviewed have proven that the PjBL model is beneficial to student knowledge, e.g. (Mohamadi,
2018), learning strategies, for example (Stefanou et al., 2013), skills, for example (T.-T. Wu et al., 2018),
motivation, for example (Helle et al., 2007); (T.-T. Wu et al., 2018), and product quality, for example (Affandi &
Sukyadi, 2016); (Torres et al., 2019). However, it is difficult to determine the effect of the PjBL model on student
learning because most of the studies analyzed did not apply research designs that allow claims about effects on
learning outcomes. Therefore, for further research, more experimental research should be conducted to determine
the benefits of the PjBL model on heterogeneous student learning outcomes.

V.  Implications

Since the Project Based Learning and Problem Based Solving models are similar and there is still debate
about their effect on student learning, it is necessary to distinguish between the two, especially in higher education.
An important task of higher education is to provide innovative education for students entering the labor market in
the future as it increases their competitiveness and promotes the long-term development of society. (Crosling et al.,
2015). Research has suggested encouraging student innovation by supporting autonomy during tasks in the learning
process (Martin et al., 2017). The Project Based Learning model can meet these needs. Although some studies, for
example (Helle et al., 2006) have shown the difference between project-based and problem-based learning, such as
different types of assignments and instructor roles, however, how to process knowledge is key. The focus of
problem-based learning lies in the application of knowledge while project-based learning, which is based on active
construction science learning (Krajcik & Blumenfeld, 2006), emphasizing the construction of knowledge. This new
knowledge creation process allows students to test and achieve their ideas in the way they want, which promotes
students' innovation competence. Therefore, the researcher believes that it is necessary to encourage lecturers in
higher education to use project-based learning. In addition, although the disciplines were not analyzed in this study,
there are many applications of the Project Based Learning model in the STEM. Future research should consider
applying the Project Based Learning model more in the humanities and social sciences.

VI.  Conclusion
This article has found four categories and seven subcategories of student learning outcomes in the PjBL
model in universities and eight appropriate measurement instruments. Further studies should be conducted to
evaluate student learning processes and student work results. The quality of the measurement instruments should be
reported and the way of data analysis should be improved. In addition, more experimental research should be
conducted to determine the effect of the PjBL model on student learning.

Reference

[1]. Affandi, A., & Sukyadi, D. (2016). Project-based learning and problem-based learning for EFL students’
writing achievement at the tertiary level. Rangsit Journal of Educational Studies, 3(1), 23-40.
https://doi.org/10.14456/rjes.2016.2

[2]. Alorda, B., Suenaga, K., & Pons, P. (2011). Design and evaluation of a microprocessor course combining
three cooperative methods: SDLA, PjBL and CnBL. Computers and Education, 57(3), 1876-1884.
https://doi.org/10.1016/j.compedu.2011.04.004

[3]. Assaf, D. (2018). Motivating Language Learners during Times of Crisis through Project-based Learning:
Filming Activities at the Arab International University (AlU). Theory and Practice in Language Studies,
8(12), 1649. https://doi.org/10.17507/tpls.0812.10

[4]. Bagbay, M., & Ates, A. (2009). The reflections of student teachers on project based learning and
investigating self evaluation versus teacher evaluation. Procedia - Social and Behavioral Sciences, 1(1),
242-247. https://doi.org/10.1016/j.sbspro.2009.01.044

[5]. Beier, M. E., Kim, M. H., Saterbak, A., Leautaud, V., Bishnoi, S., & Gilberto, J. M. (2019). The effect of
authentic project-based learning on attitudes and career aspirations in STEM. Journal of Research in
Science Teaching, 56(1), 3-23. https://doi.org/10.1002/tea.21465

[6]. Belagra, M., & Draoui, B. (2018). Project-based learning and information and communication technology’s
integration: Impacts on motivation. International Journal of Electrical Engineering and Education, 55(4),
293-312. https://doi.org/10.1177/0020720918773051

[7]1. Berbegal-Mirabent, J., Gil-Doménech, D., & Alegre, I. (2017). Where to locate? A project-based learning
activity for a graduate-level course on operations management. International Journal of Engineering
Education, 33(5), 1586-1597.

ARJHSS Journal www.arjhss.com Page | 74




American Research Journal of Humanities & Social Science (ARJHSS) 2022

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].
[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].
[26].

[27].

Biasutti, M., & EL-Deghaidy, H. (2015). Interdisciplinary project-based learning: an online wiki
experience in teacher education. Technology, Pedagogy and Education, 24(3), 339-355.
https://doi.org/10.1080/1475939X.2014.899510

Bilgin, I., Karakuyu, Y., & Ay, Y. (2015). The effects of project based learning on undergraduate students’
achievement and self-efficacy beliefs towards science teaching. Eurasia Journal of Mathematics, Science
and Technology Education, 11(3), 469-477. https://doi.org/10.12973/eurasia.2014.1015a

Blumenfeld, P. C., Soloway, E., Marx, R. W., Krajcik, J. S., Guzdial, M., & Palincsar, A. (1991).
Motivating Project-Based Learning: Sustaining the Doing, Supporting the Learning. Educational
Psychologist, 26(3—4), 369-398. https://doi.org/10.1080/00461520.1991.9653139

Botha, M. (2010). A project-based learning approach as a method of teaching entrepreneurship to a large
group of undergraduate students in South Africa. Education as Change, 14(2), 213-232.
https://doi.org/10.1080/16823206.2010.522059

Brassler, M., & Jan Dettmers. (2017). Interdisciplinary Journal of Problem-Based Learning The Transfer of
Problem-Based Learning Skills to Clinical Practice Problem-based Learning Special iSSue On cOmpetency
OrientatiOn in prOblem-baSeD learning. Interdisciplinary Journal of Problem-Based Learning, 11(2).
https://doi.org/10.7771/1541-5015.1678

Brennan, R. W., Hugo, R. J., & Gu, P. (2013). Reinforcing skills and building student confidence through a
multicultural project-based learning experience. Australasian Journal of Engineering Education, 19(1), 75—
85. https://doi.org/10.7158/D12-015.2013.19.1

Brinson, J. R. (2015). Learning outcome achievement in non-traditional (virtual and remote) versus
traditional (hands-on) laboratories: A review of the empirical research. Computers and Education, 87, 218—
237. https://doi.org/10.1016/j.compedu.2015.07.003

Brundiers, K., & Wiek, A. (2013). Do we teach what we preach? An international comparison of problem-
and project-based learning courses in sustainability. Sustainability (Switzerland), 5(4), 1725-1746.
https://doi.org/10.3390/su5041725

Bunderson, C. V., & Olsen, J. B. (1988). The Four Generations Of Comptuerized Eduational Measurement.
Educational Testing Service, June 1988.

Casner-Lotto, J. (2006). Are They Really Ready to Work? Human Resource Management, 1-64.
https://files.eric.ed.gov/fulltext/ED519465.pdf

Celik, H. C., Ertas, H., & ilhan, A. (2018). The Impact of Project-Based Learning on Achievement and
Student Views: The Case of AutoCAD Programming Course. Journal of Education and Learning, 7(6), 67.
https://doi.org/10.5539/jel.v7n6p67

Chen, C. H., & Yang, Y. C. (2019). Revisiting the effects of project-based learning on students’ academic
achievement: A meta-analysis investigating moderators. In Educational Research Review (Vol. 26).
Elsevier Ltd. https://doi.org/10.1016/j.edurev.2018.11.001

Chua, K. J. (2014). A comparative study on first-time and experienced project-based learning students in an
engineering design module. European Journal of Engineering Education, 39(5), 556-572.
https://doi.org/10.1080/03043797.2014.895704

Chua, K. J., Yang, W. M., & Leo, H. L. (2014). Enhanced and conventional project-based learning in an
engineering design module. International Journal of Technology and Design Education, 24(4), 437-458.
https://doi.org/10.1007/s10798-013-9255-7

Costa-Silva, D., Cortes, J. A., Bachinski, R. F., Spiegel, C. N., & Alves, G. G. (2018). Teaching Cell
Biology to Dental Students with a Project-Based Learning Approach. Journal of Dental Education, 82(3),
322-331. https://doi.org/10.21815/jde.018.032

Crosling, G., Nair, M., & Vaithilingam, S. (2015). A creative learning ecosystem, quality of education and
innovative capacity: a perspective from higher education. Studies in Higher Education, 40(7), 1147-1163.
https://doi.org/10.1080/03075079.2014.881342

Cudney, E., & Kanigolla, D. (2014). Measuring the impact of project-based learning in Six Sigma
education. Journal of Enterprise Transformation, 4(3), 272-288.
https://doi.org/10.1080/19488289.2014.930546

Dauletova, V. (2014). Expanding Omani Learners’ Horizons Through Project-Based Learning: A Case
Study. Business Communication Quarterly, 77(2), 183-203. https://doi.org/10.1177/2329490614530553
Davenport, D. (2000). Experience using a project-based approach in an introductory programming course.
IEEE Transactions on Education, 43(4), 443-448. https://doi.org/10.1109/13.883356

Deane, F. P., Podd, J., & Henderson, R. D. (1998). Relationship between Self-report and Log Data

ARJHSS Journal www.arjhss.com Page | 75




American Research Journal of Humanities & Social Science (ARJHSS) 2022

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].

Estimates of Information System Usage. Computers in Human Behavior, 14(4), 621-636.
https://doi.org/10.1016/s0747-5632(98)00027-2

Dehdashti, A., Mehralizadeh, S., & Kashani, M. M. (2013). Incorporation of project-based learning into an
occupational health  course. Journal of  Occupational Health, 55(3), 125-131.
https://doi.org/10.1539/joh.12-0162-0A

Frank, M., & Barzilia, A. (2004). Integrating alternative assessment in a Project-Based Learning course for
pre-service science and technology teachers. Assessment and Evaluation in Higher Education, 29(1), 41—
61. https://doi.org/10.1080/0260293042000160401

Frank, M., Lavy, I., & Elata, D. (2003). Implementing the project-based learning approach in an academic
engineering course. International Journal of Technology and Design Education, 13(3), 273-288.
https://doi.org/10.1023/A:1026192113732

Fujimura, T. (2016). EFL Students ’ Learning through Project Work in a Content-based Course. The
Journal of Kanda University of International Studies, 28(5), 105-124.

Garcia, C. (2016). Project-based Learning in Virtual Groups - Collaboration and Learning Outcomes in a
Virtual Training Course for Teachers. Procedia - Social and Behavioral Sciences, 228(June), 100-105.
https://doi.org/10.1016/j.sbspro.2016.07.015

Genc, M. (2015). The project-based learning approach in environmental education. International Research
in Geographical and Environmental Education, 24(2), 105-117.
https://doi.org/10.1080/10382046.2014.993169

Greiff, S., Niepel, C., Scherer, R., & Martin, R. (2016). Understanding students’ performance in a
computer-based assessment of complex problem solving: An analysis of behavioral data from computer-
generated log files. Computers in Human Behavior, 61, 36—46. https://doi.org/10.1016/j.chb.2016.02.095
Gulbahar, Y., & Tinmaz, H. (2006). Implementing project-based learning and E-portfolio assessment in an
undergraduate course. Journal of Research on Technology in Education, 38(3), 309-327.
https://doi.org/10.1080/15391523.2006.10782462

Hall, W., Palmer, S., & Bennett, M. (2012). A longitudinal evaluation of a project-based learning initiative
in an engineering undergraduate programme. European Journal of Engineering Education, 37(2), 155-165.
https://doi.org/10.1080/03043797.2012.674489

Helle, L., Tynjala, P., & Olkinuora, E. (2006). Project-based learning in post-secondary education - Theory,
practice and rubber sling shots. Higher Education, 51(2), 287-314. https://doi.org/10.1007/s10734-004-
6386-5

Helle, L., Tynjél4, P., Olkinuora, E., & Lonka, K. (2007). “Ain’t nothin” like the real thing’. Motivation
and study processes on a work-based project course in information systems design. British Journal of
Educational Psychology, 77(2), 397—411. https://doi.org/10.1348/000709906X105986

Heo, H., Lim, K. Y., & Kim, Y. (2010). Exploratory study on the patterns of online interaction and
knowledge co-construction in project-based learning. Computers and Education, 55(3), 1383-1392.
https://doi.org/10.1016/j.compedu.2010.06.012

Holmes, L. M. (2018). The effects of project based learning on 21. International Academic Research
Conference in Vienn, 438-443.

Hou, H. T. (2010). Exploring the behavioural patterns in project-based learning with online discussion:
Quantitative content analysis and progressive sequential analysis. Turkish Online Journal of Educational
Technology, 9(3), 52-60.

Hou, H. T., Chang, K. E., & Sung, Y. T. (2007). An analysis of peer assessment online discussions within a
course that uses project-based learning. Interactive Learning Environments, 15(3), 237-251.
https://doi.org/10.1080/10494820701206974

Karaman, S., & Celik, S. (2008). An exploratory study on the perspectives of prospective computer
teachers following project-based learning. International Journal of Technology and Design Education,
18(2), 203-215. https://doi.org/10.1007/s10798-006-9021-1

Katsanos, C., Tselios, N., Tsakoumis, A., & Avouris, N. (2012). Learning about web accessibility: A
project based tool-mediated approach. Education and Information Technologies, 17(1), 79-94.
https://doi.org/10.1007/s10639-010-9145-5

Kettanun, C. (2015). Project-based Learning and Its Validity in a Thai EFL Classroom. Procedia - Social
and Behavioral Sciences, 192, 567-573. https://doi.org/10.1016/j.sbspro.2015.06.094

Koh, J. H. L., Herring, S. C., & Hew, K. F. (2010). Project-based learning and student knowledge
construction during asynchronous online discussion. Internet and Higher Education, 13(4), 284-291.

ARJHSS Journal www.arjhss.com Page | 76




American Research Journal of Humanities & Social Science (ARJHSS) 2022

[47].

[48].
[49].

[50].

[51].

[52].
[53].
[54].

[55].

[56].

[57].

[58].

[59].
[60].

[61].

[62].

[63].

[64].

[65].

[66].

[67].

https://doi.org/10.1016/j.iheduc.2010.09.003

Kosowski, T. R., McCarthy, C., Reavey, P. L., Scott, A. M., Wilkins, E. G., Cano, S. J., Klassen, A. F.,
Carr, N., Cordeiro, P. G., & Pusic, A. L. (2009). A systematic review of patient-reported outcome measures
after facial cosmetic surgery and/or nonsurgical facial rejuvenation. Plastic and Reconstructive Surgery,
123(6), 1819-1827. https://doi.org/10.1097/PRS.0b013e3181a3f361

Krajcik, J. S., & Blumenfeld, P. C. (2006). PBL_Article. Academia, 19, 317-333.

Lee, J. S, Blackwell, S., Drake, J., & Moran, K. A. (2014). Taking a Leap of Faith: Redefining Teaching
and Learning in Higher Education Through Project-Based Learning. Interdisciplinary Journal of Problem-
Based Learning, 8(2), 3-13. https://doi.org/10.7771/1541-5015.1426

Lima, R. M., Carvalho, D., Assuncdo Flores, M., & Van Hattum-Janssen, N. (2007). A case study on
project led education in engineering: students’ and teachers’ perceptions. European Journal of Engineering
Education, 32(3), 337-347. https://doi.org/10.1080/03043790701278599

Lucas, N., & Goodman, F. (2015). Well-being, leadership, and positive organizational scholarship: A case
study of project-based learning in higher education. The Journal of Leadership Education, 14(4), 138-152.
https://doi.org/10.12806/v14/i4/t2

Luo, Y., & Wu, W. (2015). Sustainable Design with BIM Facilitation in Project-based Learning. Procedia
Engineering, 118, 819-826. https://doi.org/10.1016/j.proeng.2015.08.519

Mahendran, M. (1995). Project-Based Civil Engineering Courses. Journal of Engineering Education, 84(1),
75-79. https://doi.org/10.1002/j.2168-9830.1995.tb00149.x

Martin, P., Poto¢nik, K., & Fras, A. B. (2017). Determinants of students’ innovation in Higher Education.
Studies in Higher Education, 42(7), 1229-1243. https://doi.org/10.1080/03075079.2015.1087993
Mohamadi, Z. (2018). Comparative effect of project-based learning and electronic project-based learning
on the development and sustained development of english idiom knowledge. Journal of Computing in
Higher Education, 30(2), 363—-385. https://doi.org/10.1007/s12528-018-9169-1

Mou, T. Y. (2020). Students’ Evaluation of Their Experiences with Project-Based Learning in a 3D Design
Class. Asia-Pacific Education Researcher, 29(2), 159-170. https://doi.org/10.1007/s40299-019-00462-4
Musa, F., Mufti, N., Latiff, R. A., & Amin, M. M. (2011). Project-based learning: Promoting meaningful
language learning for workplace skills. Procedia - Social and Behavioral Sciences, 18, 187-195.
https://doi.org/10.1016/j.sbspro.2011.05.027

Mysorewala, M., & Cheded, L. (2013). A project-based strategy for teaching robotics using NI’s
embedded-FPGA platform. International Journal of Electrical Engineering and Education, 50(2), 139-
156. https://doi.org/10.7227/IJEEE.50.2.4

Ngai, E. W. T. (2007). Learning in introductory e-commerce: A project-based teamwork approach.
Computers and Education, 48(1), 17-29. https://doi.org/10.1016/j.compedu.2004.11.005

Okudan, G. E., & Rzasa, S. E. (2006). A project-based approach to entrepreneurial leadership education.
Technovation, 26(2), 195-210. https://doi.org/10.1016/j.technovation.2004.10.012

Papastergiou, M. (2005). Learning to design and implement educational web sites within pre-service
training: A project-based learning environment and its impact on student teachers. Learning, Media and
Technology, 30(3), 263-279. https://doi.org/10.1080/17439880500250451

Post, L. S., Guo, P., Saab, N., & Admiraal, W. (2019). Effects of remote labs on cognitive, behavioral, and
affective learning outcomes in higher education. Computers and Education, 140(May).
https://doi.org/10.1016/j.compedu.2019.103596

Rajan, K. P., Gopanna, A., & Thomas, S. P. (2019). A project based learning (PBL) approach involving
PET recycling in chemical engineering education. Recycling, 4(2).
https://doi.org/10.3390/recycling4010010

Ralph, R. A. (2016). Post secondary project-based learning in science, technology, engineering and
mathematics. Journal of Technology and Science Education, 6(1), 26-35. https://doi.org/10.3926/jotse.155
Raycheva, R. P., Angelova, D. I., & Vodenova, P. M. (2017). Project-based learning in engineering design
in Bulgaria: expectations, experiments and results. European Journal of Engineering Education, 42(6),
944-961. https://doi.org/10.1080/03043797.2016.1235140

Regassa, L., & Morrison-Seatlar. (2009). Student Learning in a Project-Based Molecular Biology Course.
Journal of College Science Teaching.

Reis, A. C. B., Barbalho, S. C. M., & Zanette, A. C. D. (2017). A bibliometric and classification study of
Project-based Learning in Engineering Education. Production, 27(Special Issue), 1-16.
https://doi.org/10.1590/0103-6513.225816

ARJHSS Journal www.arjhss.com Page | 77




American Research Journal of Humanities & Social Science (ARJHSS) 2022

[68].

[69].

[70].

[71].

[72].

[73].

[74].

[75].

[76].

[77].

[78].

[79].

[80].

[81].

[82].

[83].

[84].
[85].

[86].

Rodriguez, J., Laverdn-Simavilla, A., Del Cura, J. M., Ezquerro, J. M., Lapuerta, V., & Cordero-Gracia, M.
(2015). Project Based Learning experiences in the space engineering education at Technical University of
Madrid. Advances in Space Research, 56(7), 1319-1330. https://doi.org/10.1016/j.asr.2015.07.003
Sababha, B. H., Alqudah, Y. A., Abualbasal, A., & Al, E. A. Q. (2016). Project-based learning to enhance
teaching embedded systems. Eurasia Journal of Mathematics, Science and Technology Education, 12(9),
2575-2585. https://doi.org/10.12973/eurasia.2016.1267a

Sadeghi, H., Biniaz, M., & Soleimani, H. (2016). The Impact of Project-Based Language Learning on
Iranian EFL Learners Comparison/Contrast Paragraph Writing Skills. International Journal of Asian Social
Science, 6(9), 510-524. https://doi.org/10.18488/journal.1/2016.6.9/1.9.510.524

Seo, K. K., Templeton, R., & Pellegrino, D. (2008). Creating a ripple effect: Incorporating multimedia-
assisted project-based learning in teacher education. Theory into Practice, 47(3), 259-265.
https://doi.org/10.1080/00405840802154062

Stefanou, C., Stolk, J. D., Prince, M., Chen, J. C., & Lord, S. M. (2013). Self-regulation and autonomy in
problem- and project-based learning environments. Active Learning in Higher Education, 14(2), 109-122.
https://doi.org/10.1177/1469787413481132

Stozhko, N., Bortnik, B., Mironova, L., & Tchernysheva, A. (2015). Interdisciplinary project-based
learning: technology for improving student cognition. Research in Learning Technology, 23(1063519), 1-
13. https://doi.org/http://dx.doi.org/10.3402/rlt.v23.27577 (page

Terrén-Lopez, M. J., Garcia-Garcia, M. J., Velasco-Quintana, P. J., Ocampo, J., Vigil Montafio, M. R., &
Gaya-Lo6pez, M. C. (2017). Implementation of a project-based engineering school: increasing student
motivation and relevant learning. European Journal of Engineering Education, 42(6), 618-631.
https://doi.org/10.1080/03043797.2016.1209462

Thomas, W. R., & MacGregor, S. K. (2005). Online project-based learning: How collaborative strategies
and problem solving processes impact performance. Journal of Interactive Learning Research, 16(1), 83—
107.

Torres, A. S., Sriraman, V., & Ortiz, A. M. (2019). Implementing Project Based Learning Pedagogy in
Concrete Industry Project Management. International Journal of Construction Education and Research,
15(1), 62—79. https://doi.org/10.1080/15578771.2017.1393475

Tseng, K. H., Chang, C. C., Lou, S. J.,, & Chen, W. P. (2013). Attitudes towards science, technology,
engineering and mathematics (STEM) in a project-based learning (PjBL) environment. International
Journal of Technology and Design Education, 23(1), 87-102. https://doi.org/10.1007/s10798-011-9160-x
Usher, M., & Barak, M. (2018). Peer assessment in a project-based engineering course: comparing between
on-campus and online learning environments. Assessment and Evaluation in Higher Education, 43(5), 745-
759. https://doi.org/10.1080/02602938.2017.1405238

Vogler, J. S., Thompson, P., Davis, D. W., Mayfield, B. E., Finley, P. M., & Yasseri, D. (2018). The hard
work of soft skills: augmenting the project-based learning experience with interdisciplinary teamwork.
Instructional Science, 46(3), 457-488. https://doi.org/10.1007/s11251-017-9438-9

Wildermoth, B., & Rowlands, D. (2012). Project Based Learning in Embedded Systems: a Case Study.
Australasian Association for Engineering Education Conference.

Wu, S. Y., Hou, H. T., Hwang, W. Y., & Liu, E. Z. F. (2013). Analysis of learning behavior in problem-
solving-based and project-based discussion activities within the seamless online learning integrated
discussion  (solid) system. Journal of Educational Computing Research, 49(1), 61-82.
https://doi.org/10.2190/EC.49.1.c

Wu, T.-T., Huang, Y.-M., Chen-Ying Su, Chang, L., & Lu, L. C. (2018). Application and analysis of a
mobile E-Book system based on project-based learning in community health nursing practice courses.
Educational Technology & Society, 21(4), 143-156.

Wurdinger, S., & Qureshi, M. (2015). Enhancing College Students’ Life Skills through Project Based
Learning. Innovative Higher Education, 40(3), 279-286. https://doi.org/10.1007/s10755-014-9314-3
Yadav, A., Shaver, G. M., & Meckl, P. (1999). Yadav_et_al-2010-Journal_of_Engineering_Education.
Yam, L. H. S., & Rossini, P. (2010). Effectiveness of project-based learning as a strategy for property
education. Pacific Rim Property Research Journal, 16(3), 291-313.
https://doi.org/10.1080/14445921.2010.11104306

Yang, K., Woomer, G. R., & Matthews, J. T. (2012). Collaborative learning among undergraduate students
in  community  health nursing. Nurse Education in Practice, 12(2), 72-76.
https://doi.org/10.1016/j.nepr.2011.07.005

ARJHSS Journal www.arjhss.com Page | 78




American Research Journal of Humanities & Social Science (ARJHSS) 2022

[87].  Zhang, K., Peng, S. W., & Hung, J. L. (2009). Online collaborative learning in a project-based learning
environment in Taiwan: A case study on undergraduate students’ perspectives. Educational Media
International, 46(2), 123-135. https://doi.org/10.1080/09523980902933425

ARJHSS Journal www.arjhss.com Page | 79




