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ABSTRACT

Aims: The aim of this study was to identify the effect of the project-based seamless learning model on
critical thinking of prospective educator students.

Study design: The research method used quantitative experimental design.

Methodology: The research method used quasi experiment with research design nonequivalent pretest
posttest group design, where there is an experimental group and a control group, the experimental group
is given treatment and there is no treatment on the control group. The research subjects were 150 people,
75 people in the experimental group and 75 people in the control group. Data collection using tests
conducted pretest and posttest. project-based seamless learning model on critical thinking skills of
prospective educator students. Based on the results of hypothesis testing on the posttest, the value on the
posttest of the experimental group and the control group obtained a significance value of 0.001 <0.050.
And also the difference in the average value of the experimental group's posttest of 84.20, greater than the
lower control group of 80.40. This proves that there are differences caused by the application of learning
models in the two groups. The experimental group used a project-based seamless learning model while
the control group used a conventional model.

Conclusion: There is an effectiveness of project-based seamless learning model on critical thinking skills
of prospective educator students. Hopefully, the project-based seamless learning model can be applied at
various levels of educational institutions, various subject matter so that the quality of learning will be better
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1. INTRODUCTION

Education plays a crucial role in the future, beginning today, in imparting knowledge and skills. It also helps
develop character, expands employment opportunities, empowers people, and builds a more advanced and
peaceful society—all of which must be taught and ingrained in students. As a way to prepare for the future,
investing in education is therefore a very worthwhile way to ensure a brighter future for everybody. The idea
of education as an investment highlights how crucial it is to view education as a way to improve the
community's economic well-being [1]. An further reason states that education has long been seen of as a
long-term investment in the social and economic advancement of a nation [2]. People and society at large
can benefit much from investing in education. Education can help someone become more knowledgeable
and skilled, which can increase their income and help them succeed in their career [3].



It is essential for students to get extensive knowledge and understanding of all facets of early childhood
education, particularly for those who plan to become early childhood educators. Planning, preparing, and
processing a creative, high-quality learning experience in accordance with the established needs and learning
objectives is one of the primary responsibilities of an early childhood educator in the future. Early childhood
education preparation requires extra care. Because early childhood learners require special attention during
this time, prospective educators must also possess critical thinking skills to observe and analyze their needs
during the learning process. Since successful student learning depends on their capability to comprehend the
subject matter, instructors play a crucial role in education. Assessing students is one way to determine
whether a lesson was successful or unsuccessful [4]. As wannabe teachers, students must comprehend the
various definitions of teaching. As significant change agents, teachers' perspectives on teaching in the twenty-
first century can directly affect how they instruct in the classroom [5]. Successful teaching is greatly affected
by the attitudes of teachers [6]. The success of an educational system is significantly impacted by its teachers
[7]. Many education professionals believe that teachers are one of the most important factors in students'
learning [8]. In order to raise the standard of education in schools, teachers might innovate their teaching
methods [9]. A teacher should be able to help students in working together, coordinating, sharing, discussing,
and solving problems, as well as provide feedback that highlights the value of a design that prioritizes literacy
development, collaboration, and discovery [10]. So, in order to become a good and professional teacher in
their sector, a prospective educator must fully understand theory, concept, practice, and others.

Research in the field shows that prospective early childhood educators continue to struggle with critical
thinking. Many students struggle to grasp the subject during the learning process and fall short of the
standards. While some are competent in early childhood education, there is still a lack of knowledge and
wisdom in this area. In order for students with prior teaching experience to comprehend and apply the
material, lecturers continue to generalize their teaching materials. In contrast, students without teaching
experience are limited and perform less well when it comes to comprehending and applying the materials.
Lecturer-centered learning models and projects are the learning models that instructors most frequently
employ. Therefore, extra care must be taken when coming up with ways to deal with this issue. According to
the aforementioned description, an endeavor is required to establish a learning process that enables students
to be autonomous, creative, critical, and actively involved in comprehending the course material. One way to
do this is to use a project-based seamless learning model, which combines project-based learning with
seamless learning and is supposed to help aspiring early childhood educators become more adept at critical
thinking.

One kind of learning strategy that could improve the students' connection with the material and enhance their
comprehension of concepts is project-based learning (PjBL). Assigning homework is a way for instructors
and students to work together to motivate engaged students to learn both individually and in groups. This
approach to assignment distribution can be characterized as a teaching strategy in which instructors train
students to support active learning in both individual and group settings [11]. Under the project-based learning
paradigm, students work on projects that call for applying concepts and methods they have learnt. Students
must develop, solve difficulties, make judgments, perform investigative activities, and provide opportunities
for individual work in order to complete complex projects based on extremely difficult questions and
challenges. Students gain an understanding of the procedure's theory as well as practical application in a
relevant setting through this experience [12]. Project-based learning is becoming increasingly model since it
not only gives students an engaging educational experience but also increases their motivation to study [13].

Implementing the Project-Based Learning (PjBL) model in combined with seamless learning is thought to be
a beneficial learning combination. Removing the obstacles that prevent learning from being permanent is the
goal of seamless learning. For instance, a class exercise may begin in class and continue at home as
homework, or a chance conversation among students in an online forum may lead to a thorough
comprehension of the material covered in class [14]. In order to help understand the application of procedures
in designing learning plans, seamless learning emphasizes continuity in the learning process where learning
occurs in various contexts, such as formal and informal, personal and social, across time and location, real
world and cyberspace, digital and non-digital, and so on. Technology is not the only factor in seamless
learning. Resources, activities, and technology are the most crucial components of seamless learning.
Learning connectors or technological interfaces between the learner and the learning environment are the
terms used to describe the technology utilized in seamless learning.[15]. The use of all available technologies,
including mobile technology, to study in any setting is emphasized by seamless learning. Regardless of time
or location, seamless learning is a student-centered, continuous learning approach that uses mobile devices,
is connected to social and technological contexts, and occurs in both formal and informal settings [16].
According to Srisawat et al., (2021), seamless learning is a method of learning that connects countless



learning locations and times and strengthens connecting activities that occur in many locations and times.
The idea of continuous or consistent learning is in accordance with the belief that it is expected that students
would be assigned autonomous activities, where they will choose what has to be done, when, and how their
accomplishments will be later confirmedn[18].

The combination of project-based seamless learning models to improve skills in critical thinking is supported
by a variety of previous studies that support project-based seamless learning. The outcomes demonstrated
that the project-based learning approach was successful and may raise students’ motivation and
comprehension of concepts [19]. The section on seamless learning study findings also shows how using an
seamless learning technique during the learning process has been shown to enhance students' critical
thinking and concept comprehension [20]. Thus, the application of project-based seamless learning is
considered appropriate and effective in improving the critical thinking skills of prospective early childhood
educators. Based on the results of the above research, the purpose of this study is to analyse the effect of
the project-based seamless learning model on students' critical thinking skills of prospective educator
students.]

2. LITERATURE REVIEW

The following is an explanation of the literature review that discusses the variable points in this research
paper

2.1 Project Based Seamless Learning

Project-based learning is an inquiry-based teaching approach that involves students in the production of
knowledge by having them finish worthwhile tasks and create useful products [21]. It is based on constructivist
learning theory, which holds that learning is context-specific, students actively build their understanding by
working on pertinent problems in the real world, and they accomplish their objectives by interacting with others
and exchanging information [22]. Project-based learning adalah sebuah model yang mengorganisir
pembelajaran di sekitar proyek [23]. Children are tasked with addressing real-world, contextualized problems
as part of the project-based learning approach. Kids can use what they've learned and experienced, work
together with classmates, and acquire a variety of skills that are necessary for the twenty-first century through
PjBL. Based on constructivist concepts, problem solving, research inquiry, integrated studies, and reflection,
project-based learning is an instructional style that prioritizes theoretical study and application. Children can
work individually or in groups to construct a project to generate a product when they use the project-based
learning technique. We can therefore conclude that project-based learning is a child-centered approach to
education.

The project-based learning model is a process-centred, relatively timed, problem-focused, meaningful
learning unit that integrates concepts from a number of components, be it knowledge, disciplines or fields.
[24]. Also, other viewpoints highlight the project-based learning model, which teachers can use to help
students develop scientific attitudes because it can engage students in learning activities, invite them to
complete an activity in groups, make learning more meaningful, and empower students as learning subjects.
The teacher's role is to facilitate the formation and development of knowledge, not to impart knowledge, so
that students can develop their scientific attitudes [25]. Others argue the project-based learning model is an
in-depth investigation of a real-world topic, which is valuable for learner attention and effort. [26]. Another
literacy states project-based learning is an innovative learning model that emphasises contextual learning
through complex activities, involving learners in the learning process and solving problems as a whole as well
as building their own thinking patterns and finding solutions independently and realistically. Projects that are
done by learners and will make learners more skilled, creative, skilled and confident with processing and
drawing conclusions from projects that have been carried out which are practical-based [27]

PjBL is an active, student-centered method that emphasizes student independence, critical thinking,
communication, teamwork, and reflection in real-world or practical assignments. Driven by the desire to
produce a final product, PjBL usually consists of a range of individual or collaborative tasks over an extended
period of time (planning, research, and reporting) [28]. PjBL as a teaching strategy presupposes the
involvement of all participants, with the aim of solving real-life and authentic problems of common interest to
those patrticipating in the project [29]. In this learning environment, the teacher acts as a facilitator, offering
guidance and support to encourage student enquiry [30]. Such project work contributes to giving meaning to
learning by engaging participants in problem-solving, decision-making and searching for answers. This
process enables the development of important lifelong learning competencies, such as data collection and



processing, social learning from group work, decision-making, and a spirit of initiative and creativity. Project-
based learning represents a shift in education from traditional passive learning to a dynamic student-centred
approach. It empowers students to take responsibility for their learning journey, from planning to project
execution, thus fostering a sense of ownership and motivation [31]. Project-based learning presents a
promising approach, proven to enhance language learning through real-world projects that encourage active
participation and collaboration, offering exposure to diverse cultural and rhetorical contexts [32].

The concept of seamless learning enables students to learn continually in a variety of settings and scenarios,
both within and outside of the classroom. The term "smooth" suggests the blending of disparate elements to
create a cohesive whole. Seamless learning refers to unbroken individual learning through direct
communication with their surroundings using online, wireless, and mobile devices without regard to time or
location restrictions; quick and easy access to learning materials; and the unbroken integration of formal
school learning experiences with everyday life outside of school [33]. Continuous, seamless learning happens
on digital and physical platforms, as well as in formal and informal settings, as well as in social and individual
contexts. By expanding the learning environment from home to school, it seeks to broaden the scope of
learning and describes the smooth integration of learning experiences in various dimensions and situations.
Anywhere and at any time, learning can occur in a borderless network known as seamless learning [20]. A
seamless learning model enables the learner to rapidly and easily switch between several learning scenarios
while having access to the appropriate information at the appropriate time and location using one or more
personal devices [34].

Implementing Seamless Learning can be done in various ways, depending on the specific educational context
and needs [35]. One example of this implementation is to use an online learning platform that is integrated
with apps and mobile devices, so that students can access learning materials anywhere. For example,
schools can use online learning platforms that allow students to access learning videos, online assignments
and discussion forums from their own devices. The implementation of Seamless Learning also involves the
proactive role of teachers in designing and structuring technology-integrated learning [36]. Teachers need to
be facilitators who are able to direct students in using various learning resources available, both online and
offline [37]. In addition, the role of schools and educational institutions in supporting the implementation of
Seamless Learning is also very important [38].

With seamless learning, learning is no longer limited to the classroom, but extends to the child's immediate
environment, including home and community [39]. This means that learning is no longer interrupted when
children leave the classroom, but continues and is integrated with everyday activities. This creates
opportunities to deepen understanding of concepts, apply knowledge in real contexts and broaden children's
horizons. However, despite the promising potential of Seamless Learning, its application is still limited and
not fully optimised, especially at the primary education level. Seamless learning is a continuation of learning
and an attempt to connect multidimensional learning. The main features of seamless learning; it is formal and
informal, personal and social, spans infinite places, encompasses both the physical and digital worlds,
incorporates the use of multiple devices and multiple learning styles that can be constantly shifting, as well
as generating knowledge synthesis and incorporating multiple teaching styles. [40]. Seamless Learning can
address the challenges faced in basic learning, more effective and relevant learning strategies can be
created. [41]. Seamless Learning allows students to determine when and where they will learn. In addition,
the desire or emotional mood to learn can be done anytime and anywhere. So when this happens, students
need to be accommodated in order to learn immediately, including the provision of learning resources,
learning media and learning environments. This happens because Seamless Learning allows students to
choose how they learn. They can choose the material they are curious about and move between different
contexts such as between formal and informal contexts and between individual and social learning. Students
can also expand their social space which allows them to interact with each other [38].

2.2 Critical Thinking Skills

Critical thinking is the art of analysing and evaluating to improve thinking, critical thinking can also be referred
to as a set of skills to analyse facts, generate and organise ideas, compare, draw conclusions, evaluate
arguments, and solve problems, many definitions explain about these skills. Critical thinking can be defined
as a reflective, reasonable, and functional way of thinking used by individuals when deciding what to believe
or what to do, and critical thinking is not only about cognitive skills but also some dispositions such as
innovative, confident, open-minded, objective, or willing to seek the truth [42]. Critical thinking can enhance
creative problem-solving options by encouraging students to seek new strategies when solving mathematical
problems [43]. Salah satu keterampilan yang sangat penting dan mapan untuk memenuhi tuntutan pekerja



di abad ke-21 adalah berpikir kritis [44]. In this era, it is very important to teach and train students' critical
thinking skills even since elementary school because there will be differences in the mastery of students who
are trained to think critically and those who are not [45]. Critical thinking is a way of thinking in which
prejudices, assumptions, and knowledge are tested, evaluated, and assessed and their various aspects,
extensions, meanings, and consequences are discussed, ideas are analysed and evaluated, reasoning, logic,
and comparison are used, resulting in a particular idea, theory, or behaviour[46]. Critical thinking is a reflective
and rational thinking process, one of the higher order thinking that should be at the centre of learning
development because it makes humans have the life skills, creativity and innovation to deal with complex
real-life problems. [47].

Critical thinking is a clear and purposeful process used in activities such as problem solving, decision making,
persuasion, analysing assumptions, and conducting scientific research. Those who think critically can
summarise their knowledge, understand how to use information to solve problems, and search for relevant
sources of information to support problem solving. Critical thinking is a reflective ability; students need this
skill to deal with various personal and social problems [48]. Critical thinking consists of various interconnected
components of thinking, the requirements of critical thinking include clarity, precision, logic, rigour,
importance, fairness, depth, breadth, and accuracy [49]. Critical thinking methods require individual learner
competencies to interpret, analyse, evaluate, rationalise, and investigate data. Then critical thinking tactics
involve problem recognition, analysing facts and evidence, and questioning sources of information. In other
words, the critical thinking approach uses verified information and observations [50].

Critical thinking skills are very important for students because these skills play a role in the development of
students' thinking. Critical thinking skills are one of the basic and intellectual needs that must be fulfilled by
every individual [51]. Students' critical thinking skills must be trained in the learning process because it has
many benefits in children for their future. Critical thinking strategies help active listeners communicate with
other students by listening to other students' speeches, assessing these discussions and making the best
decision based on what is said in the dialogue. In fact, critical thinking strategies help students consider all
the characteristics of a good conversation when speaking in class. Students fully understand what other
students are saying and what they want to interact with. [52]. Critical thinking skills are the ability to think
wisely and support arguments with sound reasoning and students should possess them. [53]. Another benefit
is that critical thinking is linked to quality thinking and, if adequately developed, helps learners communicate
with others, acquire knowledge, handle ideas, beliefs and attitudes more skilfully. [54]. Critical thinking can
not only improve students' academic abilities, but it can also prepare students to become professionals in the
world of work. Students can benefit from developing critical thinking skills by acquiring knowledge and then
using that knowledge to solve problems. [55]. A person who has critical thinking skills will have careful
consideration to gather various evidence/information before making a decision or setting an attitude [56].

The habit of critical thinking in education needs to be applied and realised in learning activities, so that
students can be trained and accustomed to being sensitive to events, information, news and even problems
that exist around them to then process everything with analysis and reasoning to determine a decision that
is good, appropriate, appropriate, relevant to the situation and can be accounted for. With critical thinking as
part of education, it can be said that students become more academically successful and more useful, positive
and socially sensitive [57]. The importance of critical thinking is increasing along with efforts to develop
students' creativity, independence, and scientific thinking [58]. Educational institutions should encourage their
students to learn, think, and reason critically, are required to contribute to the development of critical thinking
skills because in this educational context, people are expected to increase their cognitive potential and
motivation to reflectively construct their knowledge in a critical, autonomous, proactive, independent, and
sustainable manner [59]. The importance of critical thinking as an essential skill and its development cannot
be denied in today's educational environment [60].

3. METHOD
3.1 Research Design

This design uses a quantitative approach, with the type of experimental research. The experimental research
conducted was a quasi-experiment. Quasi experiments test whether there is a causal relationship between
independent and dependent variables. The independent variable is tested as a variable that affects the
dependent variable, i.e. the affected variable, in this quasi-experimental research. Nonequivalent pretest-
posttest control group design is the type of quasi-experimental design used.



This design uses an empirical comparison of two groups. Specifically, the experimental group and the control
group have been divided. The experimental group and control group are naturally gathered groups, such as
a classroom, and can be tested using a pretest. One group can then receive treatment under the supervision
of the researcher, and after receiving the treatment, another test can be given using a posttest. The control
group in a pretest-posttest nonequivalent control group design is matched to the group receiving the
intervention, rather than randomly assigned. Here is the framework design:

Table 1. Framework Design
o1 X 03
02 - 04

Notes:

O1 : Pretest experiment group

02 : Posttest experiment group

O3 : Pretest control group

04 : Posttest control group

X : Experimental group treatment on project-based seamless learning model
- . Control group no treatment (using conventional learning)

3.2 Research Subject

This study examines the influence of the independent variable on the dependent variable. The independent
variable is project-based learning model. While the dependent variable is concept understanding. The
participants of this study were 150 prospective early childhood educator students. The research object was
divided into two treatment groups, namely the experimental group of 75 students and the control group of 75
students.

3.3 Data Collection and Data Analysis Techniques

Data were collected using a test, this research was conducted on both treatment groups, namely the
experimental group and the control group. The experimental group was treated using a project-based
seamless learning model and the control group used a conventional model. The research gave a pretest with
the aim of knowing the initial ability of students in each class, both classes were given a pretest-posttest with
the same test tool.

Data analysis using prerequisite tests, namely normality and homogeneity tests, was carried out to ensure
that parametric assumptions were met. Normality test used Kolmogorov-Smirnov technique and homogeneity
test used Levene's test technique. Descriptive statistical test and independent sample t-test were used to
analyse the data. This study aims to determine the statistical significance of the effectiveness of project-based
seamless learning on critical thinking skills.

4. RESULTS
The results of the research findings in the form of the results of the pretest and posttest of the two groups are
described below, following the results of the normality test on the pretest and posttest scores of the

experimental group and control group:

Table.2 Normality Test

One-Sample Kolmogorov-Smirnov Test

Pretest_Experiment Pretest_Control Posttest_Experiment Posttest_Control
N 75 75 75 75
Normal Mean 32.67 32.93 84.20 80.40
Parameters®® Std. 7.182 7.671 7.168 6.915

Deviation

Absolute 151 .140 .144 147




Most Extreme Positive .151 .129 .136 .129

Differences Negative -.129 -.140 -.144 -.147
Kolmogorov-Smirnov Z 1.312 1.208 1.251 1.274
Asymp. Sig. (2-tailed) .064 .108 .088 .078

a. Test distribution is Normal.

b. Calculated from data.

Based on table 2, the normality test results on the experimental group pretest obtained a significance value
of 0.064, on the control group pretest obtained a significance value of 0.108. The value on the posttest of the
experimental group obtained a significance value of 0.088, on the posttest of the control group obtained a
significance value of 0.078. Thus all the results of the normality test on the pretest and posttest of the
experimental and control groups above the significance value> 0.05, so the data results of the two groups
were declared statistically normally distributed.

The results of the homogeneity test on the pretest and posttest of the experimental and control groups are
as follows:

Table.3 Homogeneity Test

Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.

Pretest 743 1 148 .390

Posttest .099 1 148 .753

Based on table 3, the results of the homogeneity test on the pretest of the experimental group obtained a
value and the control group obtained a significance value of 0.390. The value on the posttest of the
experimental group and control group obtained a significance value of 0.753. Thus all the results of the
homogeneity test on the pretest and posttest of the experimental and control groups above the significance
value> 0.05, so the data results of the two groups were declared statistically homogeneous.

The following are the mean results on the pretest and posttest of the experimental and control groups after
statistical testing as follows:

Table.4 Mean Pretest Posttest

Group Statistics

Group N Mean Std. Deviation Std. Error Mean
Pretest Experiment 75 32.67 7.182 .829

Control 75 32.93 7.671 .886
Posttest Experiment 75 84.20 7.168 .828

Control 75 80.40 6.915 .798

Based on table 4, the mean on the pretest of the experimental group obtained 32.67 and the control group
obtained 32.93. The mean on the posttest of the experimental group obtained 84.20, on the posttest of the
control group obtained 80.40. Thus, the mean pretest of the two groups is not much different, while the mean
on the posttest in the two groups is much different.

The following are the results of hypothesis testing on the pretest and posttest of the experimental and control
groups after statistical testing as follows:

Table.5 Hypothesis Test



Independent Samples Test

Pretest Posttest
Equal Equal Equal Equal
variances variances variances variances
assumed not assumed not
assumed assumed
Levene's Test for F 743 .099
Equality of Variances Sig. .390 .753
t-test for Equality of t -.220 -.220 3.304 3.304
Means df 148 147.361 148 147.809
Sig. (2-tailed) .826 .826 .001 .001
Mean Difference -.267 -.267 3.800 3.800
Std. Error 1.213 1.213 1.150 1.150
Difference
95% Confidence Lower -2.664 -2.665 1.527 1.527
Interval of the Upper 2.131 2.131 6.073 6.073

Difference

Based on table 5, the results of the independent sample t test on the pretest of the experimental group and
the control group obtained a significance value of 0.826> 0.050, thus there was no difference in the initial
ability of students in the sense that the critical thinking skills were not much different. The value on the posttest
of the experimental group and the control group obtained a significance value of 0.001 <0.050, thus critical
thinking skills of prospective educator students increased by applying the project based seamless learning
model.

5. DISCUSSION

Based on the results of the research, the experimental group and control group data were normally distributed
and statistically homogeneous. As based on the independent sample t test on the pretest, it shows that there
is no difference in the initial ability of students in the sense that critical thinking skills are not much different.
Meanwhile, based on the independent sample t test on the posttest, it shows that critical thinking skills of
prospective educator students increase by applying the project based seamless learning model.

Examining the difference between the experimental and control groups' pretest scores, which were 32.67 and
32.93, respectively, reveals that there is little variation in the two groups' pretreatment means or students'
starting skill levels. Regarding the difference, the experimental group's mean posttest score was 84.20, which
was greater than the lower control group's score of 80.40. This is because, whereas the control group
employed a traditional learning paradigm, the experimental group adopted a different one the project based
seamless learning model. This is the reason why the two groups' averages differed following the research
process.

The results of other studies show that the project-based learning (PjBL) model has a significant effect on
critical thinking skills [61]. Other research results show that project-based learning can improve or affect the
critical thinking skills of students [62]. Other research results mention that project-based learning models
affect students' critical thinking skills [63]. Other research results state that the project-based learning model
affects students' critical thinking skills [64]. Other research results explain that the project-based learning
model affects critical thinking skills [65]. Other research results show that the project-based learning (PjBL)
model has a significant effect on critical thinking skills [66]. In the seamless learning research results section,
it also shows that the learning process with SL strategy is proven to improve students' concept understanding
and critical thinking [20]. The results of another study show the great potential of using seamless learning in
improving student engagement and learning achievement in primary schools [67]. This shows that both



project-based learning and seamless learning can improve learning quality, enhance students' critical thinking
skills and innovate learning models.

The effect obtained is due to the advantages of PjBL and seamless learning. The advantages of PjBL are
one of the choices of learning models to be used because PjBL is learning that connects academic content
with real-world contexts in accordance with the demands of the 21st century which can involve students in
designing learning, arouse students' enthusiasm in problem solving, and decision making. PjBL is learning
where students respond to questions around the real world or solve problems through a process of inquiry,
developing thinking skills, creativity, and encouraging them to work together in a team [68], [69]. PjBL can
also create an environment that helps students to build meaningful knowledge and be active in student-
centred learning, as well as encourage them to collaborate and solve problems with relevant knowledge and
skills. [70]. PjBL can encourage the development of higher cognitive levels and offers various forms of
performance assessment [71], [72], [73]. The project-based learning method had a positive and high level
effect on the visual arts lesson achievements and attitudes [74]. That PjBL can increase students' motivation
in learning science, problem-solving skills and improve learning achievement. [75].

The advantages of seamless learning are the scenario where learners are active, productive, creative and
can collaborate across different learning environments at any time and wherever they are [76]. Seamless
learning allows students to learn in various settings and transition smoothly from one setting or context to
another (informal and formal, personal and social learning) using personal media. Therefore, in seamless
learning, students get the same learning experience, even in different locations [77]. Another opinion
mentions the benefits of using seamless learning, among others: 1) students can learn in unlimited classes
and times; 2) students can learn anytime and anywhere; 3) integrated learning between formal and non-
formal education. [78]. Similarly, another view states seamless learning is learning that has the concept of
continuity of learning without any time and space limits with children's learning experiences leading to using
mobile devices. [79]. Another review explains seamless learning supports learners to learn when they want
to learn, even in different scenarios and they can move from one scenario to another quickly and easily [80].
Another advantage is that seamless learning means that learning is no longer confined to the classroom, but
extends to the child's immediate environment, including home and community [39]. And another said th
seamless learning encourages students to implement learning materials learnt in the formal environment into
daily activities outside the classroom [81].

6. CONCLUSION

The results of the research and discussion show that the implementation of project-based seamless learning
model can improve critical thinking skills of prospective educator students. The results of the normality test
showed statistically significant normally distributed data, the results of the homogeneity test showed
statistically significant homogeneous data and the results of the independent sample t test on the posttest
showed a significant value greater than 0.050, and the average difference between the posttest of the
experimental group and the control group provided evidence that prospective educator students’ critical
thinking skills increased. Because the control group used a conventional model, while the experimental group
used a project-based seamless learning model.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al and text-to-image generators have been used during writing
or editing of manuscripts.

REFERENCES

[1] N. Hag and Y. Imamudin, “Analisis Pengaruh Investasi, Angkatan Kerja dan Pendidikan Terhadap
Pertumbuhan Ekonomi di Pulau Kalimantan” (Analysis of the Effect of Investment, Labor Force and
Education on Economic Growth in Kalimantan Island), Metod. Ris. Untuk Bisnis dan Ekon., vol. 2, no. 2,
p. Yogyakarta : Erlangga, 2018.

[2] A. Karisma, W. T. Subroto, and H. Hariyati, “Pengaruh Pendidikan Dan Investasi Terhadap
Pengangguran Di Jawa” (The Effect of Education and Investment on Unemployment in Java), J. Econ.
Bussines Account., vol. 5, no. 1, pp. 441-446, 2021, doi: 10.31539/costing.v5i1.2620.



[3]

[4]

[5]

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

P. Bestari, Edi Sucipto, Rafizah Awam, Yahya, and Hardianto, “Mengoptimalkan Investasi Pendidikan
Mengacu Pada Ekonomi Yang Mempengaruhi Pendidikan dan Karir” (Optimizing Education Investment
in Light of the Economics Affecting Education and Careers), J. Niara, vol. 16, no. 2, pp. 279-285, 2023,
doi: 10.31849/niara.v16i2.14112.

Nursaodah, Toheri, and Y. Heryandi, “Penerapan Model Pembelajaran Collaborative Problem Solving
(CPS) Dalam Meningkatkan Higher Order Thinking Skills (HOTS) Siswa Kelas VII” (Application of
Collaborative Problem Solving (CPS) Learning Model in Improving Higher Order Thinking Skills (HOTS)
of Class VII Students), J. Cendekia J. Pendidik. Mat., vol. 6, no. 3, pp. 3296—-3306, 2022.

A. Tsourapa, “Exploring Teachers’ Attitudes Towards The Development Of 21st Century Skills In EFL
Teaching,” Res. Pap. Lang. Teach. Learn., vol. 9, no. 1, pp. 6-31, 2018.

T.C.Chun and M. N. L. Y. Abdullah, “the Effects of Language Teachers’ Attitudes, Barriers and Enablers
in Teaching 21St Century Skills At Chinese Vernacular Schools,” Malaysian J. Learn. Instr., vol. 19, no.
1, pp. 115-146, 2022, doi: 10.32890/m;jli2022.19.5.

C. Toraman and M. Cakmak, “The Relationship between Effective Teacher Characteristics and Reasons
for Choosing Teaching Profession (Development of an Effective Teacher Inventory),” Int. J. Assess.
Tools Educ., vol. 7, no. 3, pp. 420-435, 2020, doi: 10.21449/ijate.707272.

P. Y. Sarpkaya and B. Altun, “Professional Qualification Scale for Pre-service Teachers,” e-International
J. Educ. Res., vol. 12, no. 1, pp. 104-123, 2021, doi: 10.19160/ijer.836733.

B. N. Cvetkovi¢ and D. Stanojevi¢, “Educational Needs Of Teacher For Introduction And Application Of
Innovation Models In Educational Work To Improve Teaching,” Int. J. Cogn. Res. Sci. Eng. Educ., vol.
5, no. 1, 2017.

M. Hills, K. Harcombe, and N. Bernstein, “Using Anticipated Learning Outcomes For Backward Design
Of A Molecular Cell Biology Course-Based Undergraduate Research Experience,” Biochem. Mol. Biol.
Educ., vol. 48, no. 4, pp. 311-319, 2020, doi: 10.1002/bmb.21350.

A. D. Pertiwi, S. A. Nurfatimah, and S. Hasna, “Menerapkan Metode Pembelajaran Berorientasi Student
Centered Menuju Masa Transisi Kurikulum Merdeka” (Implementing Student Centered Learning
Methods Towards the Independent Curriculum Transition Period), J. Pendidik. Tambusai, vol. 6, no. 2,
pp. 8839-8848, 2022.

I. R. R. Nugraha, U. Supriadi, and M. I. Firmansyah, “Efektivitas Strategi Pembelajaran Project Based
Learning dalam meningkatkan Kreativitas Siswa” (Effectiveness of Project Based Learning Strategy in
improving Student Creativity), J. Peneliti. dan Pendidik. IPS, vol. 17, no. 1, pp. 39-47, 2023.

T. Riyanti, “Analisis Efektifitas Strategi Pembelajaran Berbasis Proyek Dalam Meningkatkan Motivasi
Dan Hasil Belajar Mahasiswa Teknik Pembangunan” (Analysis of the Effectiveness of Project-Based
Learning Strategies in Improving Motivation and Learning Outcomes of Development Engineering
Students), Adiba J. Educ., vol. 4, no. 2, pp. 277-285, 2024, doi: https://doi.org/10.21067/jppi.v17i1.8608.

M. Sharples, “Seamless learning despite context. In: Wong, Lung-Hsiang; Milrad, Marcelo and Specht,
Marcus eds. Seamless Learning in the Age of Mobile Connectivity,” Singapore: Springer, 2015, pp. 41—
55. doi: 10.5860/choice.51-2973.

G. Durak and S. Cankaya, “Seamless Learning: A Scoping Systematic Review Study,” J. Educ. e-
Learning Res., vol. 5, no. 4, pp. 225-234, 2018, doi: 10.20448/journal.509.2018.54.225.234.

T. Talan, “Bibliometric Analysis of the Research on Seamless Learning,” Int. J. Technol. Educ., pp. 428—
442, 2021, doi: 10.46328/ijte.113.

S. Srisawat, P. Wannapiroon, and P. Nilsook, “An Empirical Study of Seamless Scientific Learning
Model,” ACM Int. Conf. Proceeding Ser., pp. 91-94, 2021, doi: 10.1145/3481056.3481103.



[18] S. Maudiarti, “Penerapan E-Learning Di Perguruan Tinggi” (Implementation of E-Learning in Higher
Education), Perspektif. llmu Pendidik.,, vol. 32, no. 1, pp. 53-68, 2018, doi:
https://doi.org/10.21009/PIP.321.7.

[19] N. W. AL, R. T. Mangesa, A. Arfandi, Supriadi, and A. M. Mappalotteng, “Efektivitas Penerapan Model
Project Based Learning Terhadap Motivasi Dan Kemampuan Pemahaman Konsep Siswa Sekolah
Menengah Kejuruan” (Effectiveness of Project Based Learning Model on Motivation and Concept
Understanding Ability of Vocational High School Students), UNM J. Technol. Vocat., vol. 7, no. 1, pp.
2580-0418, 2023, doi: 10.1541/ieejpes.143.nl2_1.

[20] I. Safiah, N. S. Degeng, P. Setyosari, and S. Ulfa, “The Effect of Seamless Learning on Understanding
Concepts and Critical Thinking Abilities,” Int. J. Innov. Creat. Chang., vol. 13, no. 10, pp. 67-81, 2020.

[21] P.Guo, N. Saab, L. S. Post, and W. Admiraal, “A Review Of Project-Based Learning In Higher Education:
Student Outcomes And Measures,” Int. J. Educ. Res., vol. 102, no. May, 2020, doi:
10.1016/.ijer.2020.101586.

[22] O. Haatainen and M. Aksela, “Project-based learning in integrated science education: Active teachers’
perceptions and practices,” Lumat, vol. 9, no. 1, pp. 149-173, 2021, doi: 10.31129/LUMAT.9.1.1392.

[23] J. E. Dillon, “Project-Based Learning: Toward a World-Centered Music Education,” Int. J. Educ. Arts, vol.
24, no. 13, 2023, doi: 10.26209/ijea24n13.

[24] Y. D. Kristanti, S. Subiki, and R. D. Handayani, “Model Pembelajaran Berbasis Proyek (Project Based
Learning Model) Pada Pembelajaran Fisika Disma” (Project Based Learning Model in Physics Learning
at the School of Chemistry), J. Pembelajaran Fis., vol. 5, no. 2, pp. 122-128, 2017.

[25] S. H. Listiani and A. Purwanto, “Penerapan Model Pembelajaran Project Based Learning Dengan
Pemanfaatan Barang Bekas Untuk Meningkatkan Sikap limiah Siswa” (Application of Project Based
Learning Model with Utilization of Used Goods to Improve Students' Scientific Attitude), Pros. Semin.
dan Disk. Nas. Pendidik. Dasar, pp. 24-29, 2018.

[26] |. Fahrezi, M. Taufiq, A. Akhwani, and N. Nafia’ah, “Meta-Analisis Pengaruh Model Pembelajaran Project
Based Learning Terhadap Hasil Belajar Siswa Pada Mata Pelajaran IPA Sekolah Dasar” (Meta-Analysis
of the Effect of Project Based Learning Model on Student Learning Outcomes in Elementary School
Science Subjects), J. Illm. Pendidik. Profesi Guru, vol. 3, no. 3, p. 408, 2020, doi:
10.23887/jippg.v3i3.28081.

[27] M. Sinta, H. Sakdiah, N. Novita, F. W. Ginting, and Syarizal, “Penerapan Model Pembelajaran Project
Based Learning (PjBL) Untuk Meningkatkan Kemampuan Berpikir Kreatif Siswa pada Materi Hukum
Gravitasi Newton di MAS Jabal Nur” (Application of Project Based Learning (PjBL) Model to Improve
Students' Creative Thinking Ability on Newton's Law of Gravity Material at MAS Jabal Nur), J. Pendidik.
Fis. dan Fis. Terap., vol. 8, no. 1, pp. 24-28, 2022.

[28] T. Becerra-Posada, P. Garcia-Montes, A. Sagre-Barbosa, M. |. Carcamo-Espitia, and J. D. Herazo-
Rivera, “Project-based Learning : The Promotion of Communicative Competence and Self-Confidence
at a State High School in Colombia Aprendizaje Basado en Proyectos : La Promocion Project-based
learning ( PBL ) has become popular in the teaching of English as a fore,” HOW, vol. 29, no. 2, pp. 13—
31, 2022.

[29] T. Tempera and L. Tinoca, “Project-Based Learning in Initial Teacher Education: The Practice of Three
Higher Education Institutions in Portugal,” Cent. Educ. Policy Stud. J., vol. 13, no. 2, pp. 57-77, 2023,
doi: 10.26529/cepsj.1141.

[30] C. Shi, A. Kassim, N. Raha, and M. Radzuan, “Improving EFL Learners’ English Public Speaking
Performance through Project-based Learning Strategy at Tertiary Level,” Lang. Teach. Res. Q., vol. 42,
pp. 126-144, 2024.



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

C. K. Ly, “Teachers’ Roles on English Language Teaching for Promoting Learner-Centered Language
Learning: A Theoretical Review,” Int. J. TESOL Educ., vol. 4, no. 2, pp. 78-98, 2024, doi:
10.54855/ijte.24425.

G. J. Probert, “Developing Dual Language Skills and Intercultural Communication Strategies in a
Bilingual Learning Environment: Investigating a Project Based Learning Programme,” Br. J. Educ., vol.
12, no. 2, pp. 63-81, 2024, doi: 10.37745/bje.2013/vol12n26381.

S. N. Sad, “Seamless Learning : A Review Study,” Inonu Univ. J. Grad. Sch. Educ., vol. 3, no. 6, pp. 1—
22, 2016.

E. Yetik, N. Ozdamar, and A. Bozkurt, Seamless Learning Design Criteria in the Context of Open and
Distance Learning. In G. Durak, & S. Cankaya (Eds.), Managing and Designing Online Courses in
Ubiquitous Learning Environments. Hershey: PA: IGI Global, 2019. doi: 10.4018/978-1-5225-9779-
7.ch006.

X. P. Voon, L. H. Wong, C. K. Looi, and W. Chen, “Constructivism-Informed Variation Theory Lesson
Designs In Enriching And Elevating Science Learning: Case Studies Of Seamless Learning Design,” J.
Res. Sci. Teach., vol. 57, no. 10, pp. 1531-1553, 2020, doi: 10.1002/tea.21624.

J. K. Olsen, N. Rummel, and V. Aleven, “Designing for the co-Orchestration of Social Transitions
between Individual, Small-Group and Whole-Class Learning in the Classroom,” Int. J. Artif. Intell. Educ.,
vol. 31, no. 1, pp. 24-56, 2021, doi: 10.1007/s40593-020-00228-w.

M. Z. Asghar, M. N. Afzaal, J. Igbal, and H. A. Sadia, “Analyzing an Appropriate Blend of Face-to-Face,
Offline and Online Learning Approaches for the In-Service Vocational Teacher’s Training Program,” Int.
J. Environ. Res. Public Health, vol. 19, no. 17, 2022, doi: 10.3390/ijerph191710668.

T. Lubis, Z. Arifin, S. Febriani, P. Saputra, D. A. Mela, and K. G. Bedra, “Tracking the Creativity of
Autobiography and Biography Text Through Poster Media for Higher Education,” An Nabighoh, vol. 26,
no. 1, pp. 1-16, 2024, doi: 10.32332/annabighoh.v26i1.1-16.

S. Parrish, A. Lavis, C. M. Potter, S. Ulijaszek, P. Nowicka, and K. Eli, “How Active Can Preschoolers
Be At Home? Parents’ And Grandparents’ Perceptions Of Children’'s Day-To-Day Activity, With
Implications For Physical Activity Policy,” Soc. Sci. Med., vol. 292, p. 114557, 2022, doi:
10.1016/j.socscimed.2021.114557.

K. Mouri et al., “Seamless Learning Infrastructure for Finding Relationships Between Lectures and
Practical Training,” in ICCE 2018 - 26th International Conference on Computers in Education, Main
Conference Proceedings, 2018, pp. 530-532.

L. D. Lapitan, C. E. Tiangco, D. A. G. Sumalinog, N. S. Sabarillo, and J. M. Diaz, “An Effective Blended
Online Teaching And Learning Strategy During The COVID-19 Pandemic,” Educ. Chem. Eng., vol. 35,
pp. 116-131, 2021, doi: 10.1016/j.ece.2021.01.012.

A. Orhan, “Comparing the Effectiveness of Online, Flipped, and In-Class Critical Thinking Instruction on
Critical Thinking Skills and Dispositions in Higher Education: Flipped Classroom Produces the Greatest
Gains,” Int. J. Technol. Educ., vol. 6, no. 2, pp. 238-259, 2023, doi: 10.46328l/ijte.376.

H. F. H. Su, F. A. Ricci, and M. Mnatsakanian, “Mathematical Teaching Strategies: Pathways to Critical
Thinking and Metacognition,” Int. J. Res. Educ. Sci., vol. 2, no. 1, pp. 190-200, 2016, doi:
10.21890/ijres.57796.

E.van Laar, A. J. A. M. van Deursen, J. A. G. M. van Dijk, and J. de Haan, “Determinants of 21st-Century
Skills and 21st-Century Digital Skills for Workers: A Systematic Literature Review,” SAGE Open, vol. 10,
no. 1, 2020, doi: 10.1177/2158244019900176.

L. Lombardi, F. J. Mednick, F. De Backer, and K. Lombaerts, “Teachers’ Perceptions of Critical Thinking
in Primary Education,” Int. J. Instr., vol. 15, no. 4, pp. 1-16, 2022, doi: 10.29333/iji.2022.1541a.



[46] P. Kizilhan and E. Demir, “A Study on the Relationship between Teacher Candidates’ Attitudes towards
Teaching Critical Thinking and Critical Thinking Standards,” TOJET Turkish Online J. Educ. Technol.,
vol. 21, no. 4, pp. 1-18, 2022.

[47] S. Sutoyo, R. Agustini, and A. Fikriyati, “Online Critical Thinking Cycle Model to Improve Pre-service
Science Teacher’s Critical Thinking Dispositions and Critical Thinking Skills,” Pegem Egit. ve Ogr. Derg.,
vol. 13, no. 2, pp. 173-181, 2023, doi: 10.47750/pegegog.13.02.21.

[48] Y. Patandung, “Adolescence Students’ Critical Thinking Skills in The Context of Christian Education,”
Int. J. Asian Educ., vol. 4, no. 3, pp. 150-156, 2023, doi: 10.46966/ijae.v4i3.349.

[49] X.Huang and Y.-C. Chang, “Critical Thinking Instruction Incorporated in Cross-Cultural Communication
Course Design: A Needs Analysis Report Based on Voices of Chinese International College
Undergraduates,” J. Educ. Learn., vol. 12, no. 1, p. 40, 2022, doi: 10.5539/jel.v12n1p40.

[50] L.-W. Wei, “Needs Assessment Report Adopting a Mixed-Method Design: Chinese Postgraduates’
Impressions of Critical Thinking Approach in Research Method Course,” Eur. J. English Lang. Teach.,
vol. 8, no. 2, pp. 91-112, 2023, doi: 10.46827/ejel.v8i2.4775.

[51] E. Aizikovitsh-Udi and D. Cheng, “Developing Critical Thinking Skills from Dispositions to Abilities:
Mathematics Education from Early Childhood to High School,” Creat. Educ., vol. 06, no. 04, pp. 455—
462, 2015, doi: 10.4236/ce.2015.64045.

[52] N. Bagheri, “Critical Thinking and Autonomy in Speaking Ability: A Case Study,” Int. J. Stud. English
Lang. Lit., vol. 6, no. 5, pp. 73—-83, 2018, doi: 10.20431/2347-3134.0605009.

[53] B. Bunt and G. Gouws, “Using An Artificial Life Simulation To Enhance Reflective Critical Thinking
Among Student Teachers,” Smart Learn. Environ., vol. 7, no. 1, pp. 1-19, 2020, doi: 10.1186/s40561-
020-00119-6.

[54] M. Dehghayedi and M. S. Bagheri, “EFL Teachers’ Learning and Teaching Beliefs: Does Critical Thinking
Make a Difference?,” Int. J. Instr., vol. 11, no. 4, pp. 223-240, 2018, doi: 10.12973/iji.2018.11415a.

[55] Muhibbuddin, N. Yustina, and Safrida, “Implementation Of Project-Based Learning (PjBL) Model In
Growth And Development Learning to Increase The Students’ Science Literacy And Critical Thinking
Skills,” IJAEDU- Int. E-Journal Adv. Educ., vol. 6, no. 16, pp. 66—72, 2020, doi: 10.18768/ijaedu.616008.

[56] S. D. Saputro, Tukiran, and Z. A. |. Supardi, “Effectiveness of Clarity Learning Model to Improve
Students’ Advanced Clarification Critical Thinking Ability in Physics Courses,” Pegem Egit. ve Ogr. Derg.,
vol. 12, no. 3, pp. 44-48, 2022, doi: 10.47750/pegegog.12.03.06.

[57] H. Temel, “The Effect of Critical Thinking Course Carry Out with Distance Education on Critical Thinking
Skills and Dispositions,” Int. J. Psychol. Educ. Stud., vol. 9, no. 3, pp. 792-808, 2022, doi:
10.52380/ijpes.2022.9.3.894.

[58] B. Arisoy and B. Aybek, “The effects of subject-based critical thinking education in mathematics on
students’ critical thinking skills and virtues*,” Eurasian J. Educ. Res., vol. 2021, no. 92, pp. 99-120, 2021,
doi: 10.14689/ejer.2021.92.6.

[59] E. Morais et al., “Dispositions toward Critical Thinking in Portuguese Undergraduate Students,” Educ.
Process Int. J., vol. 12, no. 1, pp. 19-36, 2023, doi: 10.22521/edupij.2023.121.2.

[60] L. Vachova, E. Sedlakova, and J. Kvintova, “Academic Self-efficacy as a Precondition for Critical
Thinking in University Students,” Pegem Egit. ve Ogr. Derg., vol. 13, no. 2, pp. 328-334, 2023, doi:
10.47750/pegegog.13.02.36.

[61] D. E. Yanti, P. Karyanto, and B. Sugiharto, “Pengaruh Model Project Based Learning (PjBL) terhadap
Kemampuan Berpikir Kritis Siswa Kelas X SMA Negeri 2 Karanganyar Tahun Pelajaran 2012/2013” (The
Effect of Project Based Learning (PjBL) Model on Critical Thinking Ability of Class X Students of SMA



Negeri 2 Karanganyar in the 2012/2013 Academic Year), Bio-Pedagogi, vol. 2, no. 2, p. 92, 2012, doi:
10.20961/bio-pedagogi.v2i2.5306.

[62] Sularmi, D. H. Utomo, and I. N. Ruja, “Pengaruh Project-Based Learning terhadap Kemampuan Berpikir
Kritis” (The Effect of Project-Based Learning on Critical Thinking Skills),” J. Pendidik., vol. 3, pp. 1-5,
2018.

[63] R. D. Mekarsari and A. Suprijono, “Pengaruh Model Pembelajaran Project Based Learning terhadap
Kemampuan Berpikir Kritis Siswa Kelas XIlI IPS Mata Pelajaran Sejarah di SMA Negeri Kabuh,
Jombang” (The Effect of Project Based Learning Model on Critical Thinking Ability of Class XII Social
Studies Students in History Subjects at Kabuh State High School, Jombang),” Prism. J. Pendidik. dan
Ris. Mat., vol. 7, no. 3, pp. 1-9, 2019.

[64] N. D. Putriyanti, T. Sumiati, and S. Pratomo, “Pengaruh Model Project Based Learning terhadap
Kemampuan Berpikir Kritis Siswa pada Pembelajaran IPA” (The Effect of Project Based Learning Model
on Students' Critical Thinking Ability in Science Learning), Semin. Nas. Pendidik. Dasar, pp. 111-120,
2021.

[65] E. K. Astri, J. Siburian, and B. Hariyadi, “Pengaruh Model Project Based Learning terhadap Keterampilan
Berpikir Kritis dan Berkomunikasi Peserta Didik” (The Effect of Project Based Learning Model on
Students' Critical Thinking and Communication Skills), Biodik, vol. 8, no. 1, pp. 51-59, 2022, doi:
10.22437/bio.v8i1.16061.

[66] S. Fauziah, |. Magdalena, and M. Mawardi, “Pengaruh Project Based Learning Terhadap Keterampilan
Berpikir Kritis Siswa Kelas IV SDN Bidara Kabupaten Tangerang” (The Effect of Project Based Learning
on Critical Thinking Skills of Fourth Grade Students of SDN Bidara, Tangerang Regency), J. Teknol.
Pendidik. J. Penelit. dan Pengemb. Pembelajaran, vol. 8, no. 1, p. 158, 2023, doi:
10.33394/jtp.v8i1.5891.

[67] W. O. Riniati, “The Role and Benefits of Seamless Learning in Improving Primary School Children’s
Learning Achievement,” J. Soc. Sci. Util. Technol., vol. 2, no. 1, 2024, doi: 10.70177/jssut.v2i1.814.

[68] S. Fatimah, “The effect of project based science learning on PGSD students ’ creative thinking ability,”
J. Pendidik. Indones., vol. 7, no. 2, pp. 100-105, 2018.

[69] H. B. Issa and A. Khataibeh, “The Effect of Using Project Based Learning on Improving the Critical
Thinking among Upper Basic Students from Teachers’ Perspectives,” Pegem Egit. ve Ogr. Derg., vol.
11, no. 2, pp. 52-57, 2021, doi: 10.14527/pegegog.2021.00.

[70] C. L. Chiang and H. Lee, “The Effect of Project-Based Learning on Learning Motivation and Problem-
Solving Ability of Vocational High School Students,” Int. J. Inf. Educ. Technol., vol. 6, no. 9, pp. 709—
712, 2016, doi: 10.7763/ijiet.2016.v6.779.

[71] B. Ngereja, B. Hussein, and B. Andersen, “Does Project-Based Learning (PBL) Promote Student
Learning? A Performance Evaluation,” Educ. Sci.,, vol. 10, no. 11, pp. 1-15, 2020, doi:
10.3390/educsci10110330.

[72] M. A. Almulla, “The Effectiveness of the Project-Based Learning (PBL) Approach as a Way to Engage
Students in Learning,” SAGE Open, vol. 10, no. 3, 2020, doi: 10.1177/2158244020938702.

[73] L. Zhang and Y. Ma, “A Study Of The Impact Of Project-Based Learning On Student Learning Effects:
A Meta-Analysis Study,” Front. Psychol.,, vol. 14, no. July, pp. 1-14, 2023, doi:
10.3389/fpsyg.2023.1202728.

[74] Z. C. Ozkan, “The Effect of Project-Based Learning in Visual Arts Lesson on Lesson Outcomes and
Attitudes,” Int. J. Soc. Educ. Sci., vol. 5, no. 2, pp. 367-380, 2023, doi: 10.46328/ijonses.565.

[75] M.-H. Shin, “Effects of Project-Based Learning on Students’ Motivation and Self-Efficacy,” English
Teach., vol. 73, no. 1, pp. 95-114, 2018, doi: 10.15858/engtea.73.1.201803.95.



[76] S. Ulfa, “Model Seamless Learning Sebagai Model Pembelajaran Masa Depan” (Seamless Learning
Model as a Future Learning Model), Inov. dan Teknol. Pembelajaran, vol. 1, no. 1, pp. 11-19, 2014.

[77] L. Amhag, “Mobile-Assisted Seamless Learning Activities in Higher Distance Education,” Int. J. High.
Educ., vol. 6, no. 3, p. 70, 2017, doi: 10.5430/ijhe.v6n3p70.

[78] M. B. Al Ausi and M. L. Abdillah, “Penggunaan Strategi Seamless Learning pada Penguasaan Kosa
Kata Siswa” (Use of Seamless Learning Strategy on Students' Vocabulary Mastery), J. Pendidik., vol.
29, no. 3, p. 197, 2020, doi: 10.32585/jp.v29i3.983.

[79] M. N. N. Fasichah, “Pengaruh Seamless Learning Terhadap Perkembangan Sosial-Emosional Anak
Usia 5-6 Tahun” (The Effect of Seamless Learning on the Social-Emotional Development of 5-6 Year
Old Children), J. PAUD Teratai, vol. 11, pp. 38-43, 2022.

[80] A. M. Yusril, I. Ramadhan, D. Nur, and E. Tungadi, “Aplikasi Pembelajaran Sejarah Berbasis Seamless
Learning,” in Prosiding Seminar Nasional Teknik Elektro dan Informatika (SNTEI)” (History Learning
Application Based on Seamless Learning,” in Proceedings of the National Seminar on Electrical
Engineering and Informatics (SNTEI)), 2021, no. September, pp. 229-234.

[81] L. Utami, P. Setyosari, D. Kuswandi, and H. Praherdhiono, “The Effect of Seamless Learning on Learning
Outcomes,” J. Teknol. Pendidik., wvol. 26, no. 1, pp. 360-369, 2024, doi:
http://dx.doi.org/10.21009/JTP2001.6



