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Abstract

This study was aimed at determining and comparing the effectiveness of project-based
learning and SE learning cycle instructional models in improving the acquisition of new
biological knowledge related to the human immune system. This quasi experiment study
with a pretest-posttest non-equivalent control group design was conducted in SMAN 1 and
SMAN 8 Yogyakarta, Indonesia during the academic year 2018/2019. A cluster sampling
technique was used to select 3 eleventh grade classes of natural science from each school.
The criterion referenced essay test was used to measure the students’ learning achievements
and the data collected were analyzed using SPSS version 23. The results show that both
PjBL and 5E learning instructional models were effective to improve the students’ ability to
acquire new biological knowledge related to the human immune system. PjBL model was
more effective than S5E learning cycle model in improving the students’ ability to acquire

new biological knowledge related to the human immune system.
Keywords: project-based learning, SE learning cycle, human immune system

INTRODUCTION

Currently in this 21% century, the world
is faced with complex challenges in different
sectors such as health, education, economic,
environmental, geopolitical, societal, and
technological. The challenges faced include
intense competitions at work places, deadly
diseases with no cure, air pollution, water
pollution, among others (World Economic
Forum, 2019, p. 6; The Ontario Public
Service, 2016, p. 5). According to Harvard
Advanced Leadership Initiative (2014,
p. 2), in order to be able to overcome the
current complex and future challenges, it
is very essential for the current education
system to focus on developing 21st century
competencies among the learners. The 21*
century competencies include knowledge
(i.e. procedural, factual, conceptual, &
metacognitive knowledge), skills (e.g.
communication, collaboration, critical

thinking, creativity skills, among others),
and attributes (e.g. integrity, adaptability,
among others) (The Ontario Public Service,
2016, p. 5; Bishop, 2015, p. 2). The 21*
Century Curriculum and Instruction that
integrates the use suitable & innovative
teaching and learning models form part
of the supporting systems of an education
system that supports development of
the 21 century competencies (Bishop,
2015, p. 8). The suitable & innovative
teaching and learning models are
instructional models that enable learners
to become constructive, active participants,
collaborative, communicative, creative and
critical thinkers (Fullan & Langworthy,
2014, p. 7; McLoughlin & Lee, 2007, p. 8).
Some of the innovative and ideal models
of instructional in this 21st century include
project-based learning (Scott, 2015, p. 5)
and 5E learning cycle (Bybee et al., 2006).
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Project-based learning (PjBL) is
defined by Bender (2012, p. 1), as ‘using
authentic real-world projects based
on a highly motivating and engaging
question, task or problem, to teach students
academic content in the context of working
cooperatively to solve the problem. Project-
based learning involves an elaborate
student-centred inquiry process driven
by well-structured challenging question/
problem investigated by learners using
organised learning tasks to produce a
product that answers that question. During
PjBL, learners work on their projects
in teams, explore different sources of
information, critique each other’s’ work,
create authentic and meaningful products,
and present the product to the public
(Hallermann, Larmer, & Mergendoller,
2011). Generally, PjBL instructional model
involves seven stages/phases of instruction
with different activities in which the
learners are able to experience learning as
they work on their projects (Du & Han,
2016; Patton & Robin, 2012, p. 33).

The first stage of project-based learning
is developing the project idea (Patton &
Robin, 2012, p. 34; NYC Department of
Education, 2009, p. 12). This involves
activities (such as watching/reading news
about the current issues, asking some
questions to students, assigning some tasks
to the students e.g. asking the students to
read/watch some textbook) that stimulate
and motivate the students to get ready to
learn (Hallermann et al., 2011). From the
project idea developed, the challenging
question/problem is then generated which
serves to ‘getting students to think about
the complexities around issues, scientific
principles, and events’ (NYC Department
of Education, 2009, p. 12).

The challenging question/problem
communicates the purpose of the project
and give students a foundation and direction
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for doing the project as well as helping
the teacher to maintain consistency,
guiding in planning the lessons, resources,
and activities that will help students
answer it (Hallermann et al., 2011). After
identifying the challenging question/
problem, the next stage is project designing
which aims to clarify student learning
goals, project final products, timeline,
and instructional activities. It involves
activities such as determining the scope
of the project, establishing content and
skill goals, developing formats for final
products, designing instructional activities,
developing a balanced assessment plan
with rubrics, identifying the technologies
to use in the project, planning the activities
for launching the project, and finding
& arranging resources to use during the
project (Patton & Robin, 2012, p. 38; NYC
Department of Education, 2009, p. 15).
Following project designing, is the
launching of the project with an entry
event with the aim to spark off again
students’ interest and curiosity as they
begin the inquiry process/investigation
to obtain solution for the challenging
question/problem. The entry event takes
on forms like discussion/debate about
an issue of interest or events in the news
related to the developed challenging
question, an activity like a movie preview,
and or a field trip (Hallermann et al.,
2011). Project launching is followed
bythe implementation of the project which
involves activities such asdeveloping
of the key knowledge and success
skills to facilitate project activities and
development of the product. As project
implementation progress, the teacher and
students revise the developed product at
specified intervals. After development
and revision of the product, final product
is exhibited to the to the audience (e.g.
general public, school, or classmates).
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Following the product presentation
is the reflection stage involvesboth the
teacher and the students flashing back
and taking note on the effectiveness of the
activities done from the pioneer stage up to
the presentation of final product. Finally,
the evaluation process is carried out to
gather feedback from students about the
instruction process and the project activities
and using the collected data to plan for
re-teaching and to improve the in-coming
projects.

On the other hand, 5E Learning cycle
(5E LC) is a constructivist instructional
model in which learners construct
knowledge and meaning through asking
questions, exploring different sources of
information, explaining and generalizing
the information obtained to enhance their
understanding as well as carrying out self-
evaluation (Bybee et al., 2006). The 5E
learning cycle instructional model consists
of five phases of instruction each with a
specific function and contribution towards
the teacher’s instructional process and the
students’ understanding of scientific and
technologicalknowledge, attitudes, and
skills (Bybee, 2009, p. 4).

The first phase of engagement
comprises of activities that engage learners
into learning tasks e.g. asking some
challenging questions, defining some
problem, or demonstrating a challenging
situation. The engagement phase is followed
by the exploration phase which consists of
activities that help to establish a common
base of discussion for the teacher and
learners to identify concepts, processes
or skills. The third step is explanation in
which the learners are required to make
connections between the prior knowledge
and new discoveries by explaining their
observations and findings in their own
words. The learners’ explanations are
followed by direct, explicit, and formal

scientific or technological explanations
from the teacher. After explanation, the
elaboration follows involving discussion
and information seeking activities that help
learners to extend their concepts, processes,
and skills. This enables the learners
to get involved in new situations and
discover new problems that require them
to use similar understandings/knowledge
or generalization of concepts, processes,
and skills. The final phase of evaluation
involvesself, peer and or teacher assessment
of the level understanding of the learners.
During evaluation the learners showcase
their understanding of new concepts and
demonstrate their ability to apply them in
solving the problem as well as the teacher
giving feedback on the adequacy of
learners’ explanations and whole process
of 5E sequence (Bybee et al., 2006).

Biology is one of the important natural
science subjects which equips the with
essential knowledge to overcome the
complex challenges such as deadly diseases
(e.g. cancer, HIV/AIDS, diabetes), air
pollution, among others that are currently
faced by human. Due to its great importance,
Biology occupies a high position in the
new 2013 senior high school curriculum
of the Republic of Indonesia (Ministry
of Education and Culture-Republic of
Indonesia, 2012). Therefore, it is very
essential to ensure an effective teaching
and learning process of biology so as
to enable the learners obtain important
biological knowledge required to find
possible solutions to the current complex
and future challenges (OECD, 2016; EI &
ASCD, 2015, p. 2).

Despite the great importance of biology
in our daily life, reports from international
assessment bodies such as the Programme
for International Student Assessment (PISA)
and Trends in International Mathematics and
Science Study (TIMSS) show that Science
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performance is still among the Indonesian
students compared to other countries
especially those in the same region of
South East Asia. The PISA report about the
Science results for 2015 ranked Indonesia
the 62 with an average score of 403 out
of PISA average score 493. The Indonesian
average score is lower than the average score
obtained by other South East Asian countries
like Singapore (556), China Taipei (532),
Vietnam (525) and European countries like
Slovenia (513), and United Kingdom (509),
among others (OECD, 2016, p. 7). Also, the
report on TIMSS science results for 2015
show that Indonesian learners obtained an
average score of 397 out of 500 (the scale
centre point for TIMSS). The 397 average
score is also lower than the average score
obtained by Asian countries like Singapore
(590), China Taipei (564), and Korean
Republic (560) and Western countries like
Poland (547), United States of America
(546), and Slovenia (543) (TIMSS, 2015).
The low performance in science by the
Indonesian students is also showed by the
reports from the national level examinations
results which indicate that average scores
obtained in natural sciences were 56,26%
in 2016 and 52,19% during 2017 (Ministry
of Education and Culture, Republic of
Indonesia, 2017). The low average scores in
science are further supported by the findings
from several research studies (Novaristiana,
Rinanto, & Ramli, 2019; Purwani, Sudargo,
& Surakusumah, 2019; Murti, Aminah, &
Harjana, 2018).

According to Avikasari, Rukayah,
& Indriayu (2018), the students’ science
performance is influenced by their
understanding of science concepts and
science literacy abilities. The OECD
(2016, p. 50) explains that good science
performance in science requires possession
of content, procedural, and conceptual
dimensions of scientific knowledge. These
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dimensions of scientific knowledge can
be obtained by learners through effective
teaching and learning process that uses
constructive and innovative instructional
models such as project-based learning and
5E learning cycle (Ministry of education
and culture, Republic of Indonesia, 2014, p.
84). However, a number of reports indicate
that the Indonesian students have continued
to maintain a low performance in science
due to poor quality teaching and learning
process contributed to by the teachers who
use conventional instructional models such
as personalised instructional models that
limit students from acquiring the necessary
scientific knowledge (OECD & ADB,
2015, p. 282; Ministry of Education and
Culture-Republic of Indonesia, 2015, p. 18;
Rasmawan, 2018, p. 2).

Based on the above background this
study was conducted with the aim to;
determine effectiveness of project-based
learning and 5E learning cycle in improving
the acquisition of new biological knowledge
and compare the effectiveness of project-
based learning and 5E learning cycle in
improving the acquisition of new biological
knowledge, specifically the knowledge
related to the human immune system. By
comparing the two models with their syntax
as described earlier, the researcher wants
to know whether project-based learning
model is more effective than 5E learning
cycle model, consideringthat project-based
learning allows the students to carry out
stages of the scientific learning method
in a more directed manner. In this current
study, new biological knowledge refers to
the understanding of the specific facts and
concepts that cannot be found written in the
students’ textbook or curriculum but can
be obtained by using specific procedures
formulated creatively to investigate a
specific scientific problems identified about
a given subject matter.
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METHODS

This was quasi experiment study
which involved non-random assignment of
participants to the research groups because
the researcher could not artificially create
the experiment and control classes as
this would interfere with the learning
activities of the classes (Creswell, 2012,
p- 309). The study used the non-equivalent
control group design which involved
exposure of both experiment and control
classes to pretest and posttest before and
after the teaching and learning process
respectively (Creswell, 2012, p. 309;
Abbott & Bordens, 2011, p. 342). This
design was used to evaluate the differences
in the effect of PjBL and 5E learning
cycle instructional models.This study took
place in two State Senior High Schools
in Yogyakarta City, Indonesia. The study
was conducted during the second semester
between the month of April and May of the
academic year 2018/2019.

The participants in this study consisted
of a total of 182 eleventh graders (i.e. 88
students from SMAN 1 and 94 students
from SMAN 8), who were selected from
3 classes at each school by using cluster
sampling technique. The students who
participated in this study were in the age
range of 17-18 years. Table 1 shows the
classes and number of students in each class
selected at SMAN 1 and SMAN 8.

In this study, the students in 3 classes
from each school were given pretest so as to
measure their initial biological knowledge
related to human immune system. After the
pre-test, in each school 2 of the3 selected
classes became experimental classes and 1
class was made the control class. In each
school, one experimental classes were
instructed using PjBL model and the other
by using 5E learning cycle model, while
the control classes were instructed using
the scientific approach. All the classes were
instructed by the same teacher to avoid
differences in the instructional strategies
which would occur if the classes were
instructed by different teachers, something
that would affect the internal validity of
results. The teaching process was conducted
for 3 weeks which consisted 3 hours
meeting every week for each class (1
hours per meeting). After the instruction
process a posttest was given to measure
the students’ new biological knowledge
related to the human immune system. Table
2 shows the mode of instruction used in
each class in each school.

The criterion referenced essay test
was used to measure the students learning
outcomes based on the set criteria. This
was because an essay test is suitable for
measuring high cognitive process, carries
more free validity and allows the learner
to think and organize the answer before

Table 1
The Classes and Number of Students that Participated in this Study
School Classes Number of students
SMAN 1 Class XI TPA 7 32
Class XI IPA 8 26
Class XI TPA 9 30
SMAN 8 Class XI TPA 1 31
Class XI IPA 2 31
Class XI IPA 3 32
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Table 2

The Model of Instruction Used in each Class

School Classes Model of Instruction used
SMAN 1 Class XTI IPA 7 Scientific Approach (SA)
Class X1 IPA 8 Project-based learning (PjBL)
Class XTI IPA 9 SE Learning Cycle (5E LC)
SMAN 8 Class XIIPA 1 Scientific Approach (SA)
Class XI IPA 2 SE Learning Cycle (5E LC)
Class X1 IPA 3 Project-based learning (PjBL)

answering the question (Tuckman, 1993).
The constructed test specifically assed
the new biological knowledge related to
factors that influence: the occurrence of
communicable and non-communicable
diseases, the risk of occurrence of the
HIV/AIDS disease, and the risk of
occurrence of the disorders and diseases
that affect the human immune system.
The test instruments used were assed and
passed the construct and content validity
through expert judgement by two Biology
education specialists whereas the criterion
reference validity (empirical validity) was
determined by calculating the sensitivity
index (S,) for each test item (Gronlund,
1977). The instruments were also assed
for reliability by determining the Kappa
coefficient using the approximation
method. (Subkoviak, 1988; Landis &
Koch, 1997).

The descriptive and inferential
statistical data analysis used the Statistical
Package for Social Sciences (SPSS)
version 23. The descriptive statistical data
analysis of normality and homogeneity of
the variance of the pretest and posttest was
performed as requirement for the inferential
statistics. The inferential statistical analysis
of one-way ANOVA test on pretest was
performed to identify if there was or no
significant difference in students’ initial new
biological knowledge at the beginning of
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the study whereas the one-way ANOVA test
on posttest scores was performed to identify
if there is or no significant difference in
students’ new biological knowledge after
instruction. The percentage normalised gain
(N-gain) scores was calculated to determine
the effectiveness of project-based learning
and 5E learning cycle instruction models in
improving students’ ability to acquire new
biological knowledge.

FINDINGS AND DISCUSSION

The following are the findings and
their discussion presented based on the
stated objectives of the study.

Step 1. Analysis of the pretest scores
of experimental and control groups. This
involved analysis of the pretest scores
of experimental and control groups to
identify whether there was or no significant
difference in students’ initial new biological
knowledge related to the human immune
system. During analysis, the mean scores
and standard deviation of the pretest
were determined to compare the pretest
performance of the three classes in in each
school. Table 3 shows the comparison of
mean scores and standard deviations of
the pretest scores of the experimental and
control classes.

Table 3 shows that the mean scores
of the pretest scores of the experimental
and control classes at SMAN 1 were
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Table 3

The Comparison of Mean Scores and Standard Deviations of The Pretest scores of

The Experimental and Control Classes

School  Classes Mean score ()  Standard deviation (SD)
SMAN 1 Experimental (PjBL) 9.50 3.19
Experimental (5E LC) 9.40 3.62
Control (SA) 8.62 2.31
SMAN 8 Experimental (PjBL) 7.06 2.31
Experimental (5E LC) 6.62 2.72
Control (SA) 6.00 2.84

PjBL (=9.50, SD=3.19), 5E Learning
Cycle (=9.40, SD=3.62), and Scientific
approach (=8.62, SD=2.31). At SMAN
8 the mean scores of the pretest scores
of the experimental and control classes
were PjBL (=7.06, SD=2.31), 5E Learning
Cycle (=6.62, SD=2.72), and Scientific
approach (=6.00, SD=2.84) (Table 3).
The results indicate that the mean scores
of the pretest scores students in both
experimental and control classes from
SMAN 1 and SMAN 8 are very low and
not so much different. This implies that
students in both experimental and control
classes from SMAN 1 and SMAN 8
had the same low initial new biological

Table 4

knowledge related to human immune
system before the instruction process was
conducted.

Step 2. Analysis of variance of pretest
scores of the experimental and control
classes. This involved analysis of variance
of the pretest scores to compare the initial
new biological knowledge related to the
human immune system of the experimental
and control classes. Table 4 shows the
results for the analysis of variance of the
pretest scores of the experimental and
control classes.

Table 4 shows that in SMAN 1 the
variances of the pretest scores of the
experimental and control classes were

The Levene's Test P-value, F-ratio, ANOVA P-value, and Post-hoc Comparisons of the
Pretest scores of the Experimental and Control Classes

Levene’s
School Test F-ratio ANOVA I (Classes) J (Classes) Post-hoc
P-va P-value
P-value
SMAN 1 P;BL SELC 0.993
0.038 0.914 0.407 SA 0..475
SELC SA 0.583
SMAN 8 P;BL SELC 0.786
0.679 1.279 0.283 SA 0.255
SELC SA 0.616

Computed at significance level p<0.05
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found to be significantly different upon
the Levene’s test p-value (0.038). With
equal variances not assumed, the Welch
test was considered and the results (F (2,
52.046) =0.914, p=0.407), indicated that
there was no significant difference in the
initial new biological knowledge between
the experimental and control classes. The
post-hoc comparisons using the Games-
Howell test also indicated that there was
no significant difference in the students’
initial new biological knowledge related to
the human immune system among the three
classes in SMAN 1 based upon the results
of PjBL compared to 5E learning cycle
(p=0.993), PjBL compared to scientific
approach (0.475), and 5E learning cycle
compared to scientific approach (p=0.583)
(Table 4). The results show that in SMAN
8 the variances of the pretest scores of
the experimental and control classes were
found to be significantly equal based on the
Levene’s test p-value (0.679). With equal
variances assumed, the results (F (2, 91)
=1.279, p=0.283), implied that there was
no significant difference in the students’
initial new knowledge related to the human
immune system between the experimental
and control classes (Table 4). The results
of the post-hoc test using the Turkey HSD
test of PjBL compared to SE learning cycle

Table 5

(p=0.786), PjBL compared to scientific
approach (p=0.255), and 5E learning cycle
compared to scientific approach (p=0.616),
indicated that there was no significant
difference in the students’ initial new
biological knowledge related to the human
immune system among the three classes in
SMAN 8 (Table 4).

Step 3. Analysis of the posttest scores
of experimental and control groups. This
involved analysis of posttest scores of
experimental and control groups to identify
if there was or no significant difference in
students’ new knowledge related to the
human immune system. During analysis,
the mean scores and standard deviations
of the posttest scores were determined to
compare the posttest performance of the
three classes in SMAN 1 and SMAN 8.
Table 5 shows the comparison of mean
scores and standard deviation of the
posttest of the experimental and control
classes.

Table 5 shows that the mean scores
of the posttest scores of the experimental
and control classes at SMAN 1 were PjBL
(=53.23, SD=2.40), SE Learning Cycle
(=46.23, SD=2.66), and Scientific approach
(=32.25, SD=2.14) (Table 5).The mean
scores of the posttest scores experimental
and control classes in SMAN 8 were PjBL

The Comparison of Mean Scores and Standard Deviations of The Posttest Scores

of The Experimental and Control Classes

Standard deviation

School Classes Mean score () (SD)
SMAN 1 Experimental (PjBL) 53.23 2.40
Experimental (5E LC) 46.23 2.66

Control (SA) 32.25 2.14

SMAN 8 Experimental (PjBL) 48.64 291
Experimental (5E LC) 40.81 2.96

Control (SA) 25.19 2.19
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(=48.64, SD=2.91), 5E Learning Cycle
(=40.81, SD=2.96), and Scientific approach
(=25.19, SD=2.19) (Table 5). The results
from each school show a greater difference
in the mean scores obtained by students in
the posttest scores of both experimental
and control classes. The results also show
a significant difference in the mean scores
of the posttest scores of the experimental
classes in favour of the experimental class
instructed by using project-based learning
model. The results imply that after the
instruction process in SMAN 1 and SMAN
8, the students taught using PjBL and
SE learning cycle (experimental classes)
acquired more new knowledge related to
human immune system compared to the
students instructed using the scientific
approach (control class). The results also
imply that the students instructed using
PjBL acquired more new knowledge related
to the human immune system compared to
the students instructed using the SE learning
cycle.

Step 4. Analysis of variance of posttest
scores of the experimental and control
classes. The analysis involved determining
the variance of the posttest scores was
performed to compare the final new

Table 6

biological knowledge related to the human
immune system of the experimental and
control classes. Table 6 shows the results
for the analysis of variance of the posttest
scores of the experimental and control
classes.

Table 6 shows that in SMAN 1 the
variances of the posttest scores of the
experimental and control classes were
found to be significantly the same upon the
Levene’s test p-value (0.709). With equal
variances assumed, the results (F (2, 85)
=581.279, p=0.001), indicated that there
was a significant difference in the final
new biological knowledge between the
experimental and control classes (Table
6). The post-hoc comparisons using the
Turkey HSD test also indicated that there
was a significant difference in the students’
final new biological knowledge related to
the human immune system among the three
classes in SMAN 1 based upon the results
of PjBL compared to 5E learning cycle
(p=0.001), PjBL compared to scientific
approach (0.001), and 5E learning cycle
compared to scientific approach (p=0.001)
(Table 6). The results in table 6 show that in
SMAN 8 the variances of the posttest scores
for the experimental and control classes

The Levene s Test P-value, F-ratio, and ANOVA P-value of The Posttest Scores of The

Experimental and Control Classes

Levene’s
School test F-ratio ANOVA I (Classes) J (Classes) Post-hoc
P-value P-value
P-value
SMAN 1 PjBL SELC 0.001
0.709 581.279 0.001 SA 0.001
SELC SA 0.001
SMAN 8 PjBL SELC 0.001
0.236 598.129 0.001 SA 0.001
SELC SA 0.001

Computed at significance level p<0.05
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were found to be significantly the same
based on the Levene’s test p-value (0.236).
With equal variances assumed, the results
(F (2, 91) =598.129, p=0.001), indicated
that there was a significant difference in
the students’ final new knowledge related
to the human immune system between the
experimental and control classes. The post-
hoc test using the Turkey HSD test showed
that was a significant difference in the
students’ final new biological knowledge
related to the human immune system
among the three classes in SMAN 8§ based
upon the results of PjBL compared to SE
learning cycle (p=0.786), PjBL compared
to scientific approach (p= 0.255), and
5E learning cycle compared to scientific
approach (p=0.616) (Table 6).

Step 5. Analysis of the percentage
normalised gain (N-gain) scores of the
experimental and control classes. This
involved determining the percentage
N-gain scores of the experimental and
control classes to identify and compare the
effectiveness of PjBL, 5E learning cycle
instruction models, and scientific approach
in improving the students’ ability to acquire
new biological knowledge related to the
human immune system. The analysis of

Table 7

the percentage normalised gain score of the
experimental and the control classes was
presented in Table 7.

Table 7 shows that at SMAN 1 the
PjBL class obtained the N-gain mean
score (75.40%) with N-gain maximum
score (93.10%) and N-gain minimum
score (63.79%), SE learning cycle obtained
the N-gain score (63.50%) with N-gain
maximum score (78.31%) and N-gain
minimum score (66.23%), and scientific
approach class obtained N-gain mean
score (40.73%) with N-gain maximum
score (51.72%) and N-gain minimum score
(42.60%). The results also indicate that at
SMAN 8 the PjBL class obtained the N-gain
mean score (71.69) with N-gain maximum
score (82.76%) and N-gain minimum
score (55.17%), SE learning cycle obtained
N-gain mean score (58.62%) with N-gain
maximum score (70.69%) and N-gain
minimum score (44.83%) (Table 7), while
the scientific approach class acquired N-gain
mean score (31.40) with N-gain maximum
score (41.38%) and N-gain minimum score
(22.41%) (Table 7). The N-gain mean
scores obtained from each school indicated
that both PjBL and 5E learning cycle
instructional models can be categorised

The Percentage N-gain Mean Score, Maximum Score, and Minimum Score of The

Experimental and Control Classes

N-gain N-gain N-gain
School Classes Mean Score Maximum Minimum Score
(%) Score (%) (%)

Experimental (PjBL) 75.40 93.10 63.79

SMAN I Experimental (5E LC) 63.50 78.31 66.23
Control (SA) 40.73 51.72 42.60
Experiment (PjBL) 71.69 82.76 55.17

SMAN 8  Experimental (5E LC) 58.62 70.69 44.83
Control (SA) 31.40 41.38 22.41
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being effective enough while the scientific
approach was categorised not effective
(Hake, 1999), to improve the students’
ability to acquire new knowledge related
to the human immune system. Therefore,
both the first and second stated hypotheses
were accepted. The results obtained for
the effectiveness of PjBL relate with the
findings from other studies (Widiana,
Suarjana, & Dewi, 2019; Kizkapan &
Bektas, 2017; Bilgin, Karakuyu, & Ay,
2014) while those obtained for SE learning
cycle correspond with the findings (Sam,
Owusu, & Krueger, 2018; Crider, 2013;
Siddiqui, 2016; Akar, 2005) which indicate
that Project-based learning as well as 5E
learning cycle instructional models are
effective to improve the students’ cognitive
achievement in science.

Both project-based learning and
5E learning cycle are student-cantered
instructional models (Bender, 2012; Bybee
et al., 2006), which enable the students
to experience learning through active
participation by presenting their personal
opinions about the subject under study,
asking questions, identifying and solving
problems in real life context with the
help of the teacher as a facilitator. In this
study, the students taught using project-
based learning were able to actively
participate in the different activities
involved in implementation of PjBL such
as development of project idea, developing
the challenging question, project designing,
launching of the project, developing and
revising the product, project presentation,
reflection and evaluation while the students
in 5E learning cycle were involved in
engagement, exploration, explanation,
elaboration, and evaluation. Through the
various activities carried out at each phase
during the instruction, the students were
able to acquire new biological knowledge.
This is because they were able to identify

and investigate on their own specific
problems related to the human immune
system.

Like project based learning,
also 5E learning cycle instructional
model encourages cooperative learning
(Hallermann et al., 2011, p. 93; Bybee et
al., 2006), through which the students are
able to teach and learn from one another
as they work on their projects together
in small groups and give critiques to
each other’s work. During this study, the
students in classes instructed using PjBL
and those instructed using SE learning
cycle were assigned into small groups of
6 people and then each group was given
some forms to fill including the contract
form, presentation preparation forms and
other self-assessment instructions to guide
them in building collaboration skills.
During study, it was observed that unlike
the students in control class who were
taught using the scientific approach, the
students in the experimental classes (PjBL
and 5E learning cycle classes) exhibited
higher collaboration skills whereby they
were often seen listening to each other,
shared information, helped and respected
each other at every step during the learning
process. The collaboration atmosphere
among the students helped them to sustain
their inquiry process during which they
were able to read a variety of texts (sources
of information) to build their knowledge
and find answers to their challenging
question under investigation.

The percentage N-gain mean score
results in Table 7 also indicated that PjBL
instructional model is more effective than
5E learning cycle to improve the students’
ability to acquire new biological knowledge
related to the human immune system. The
difference in the effectiveness of PjBL and
5E learning cycle can be explained from
the fact that, unlike SE learning cycle,
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project-based learning instructional model
includes morestages/phases which enable
the learners to experience deeper learning
of the specific subject matter. The more
phases involved in project-based learning
include launching of the project with an
entry event, developing and revising the
product, and reflection.

Not like SE learning cycle, in project-
based learning the process of exploration
is launched with an entry event which
serve the purpose of attracting the students’
attention, interest and make them become
more curious about project to be done
(Hallermann et al., 2011, p. 59). In this
study, the entry event was in form of a
talk show which involved students into
discussion about the different factors that
contribute to the different kinds of diseases
and disorders of the human immune system.
The talk show discussion helped to spike
the curiosity of the students into asking
more questions which helped to guide them
into deeper investigation as they searched
for the solutions to answer the challenging
questions.

Also, unlike in SE learning cycle where
the explanation/presentation step is directly
followed by the evaluation phased, in
project-based learning there is a provision
for both the teacher and the students to
reflect back on whole process of learning
or investigation took place. In this current
study, the reflection process helped the
students to retain what they had learnt, sink
in deeper of the key concepts in the project
(Hallermann et al., 2011, p. 114), and as a
result, the students were able to experience
more learning and understanding of the
subject matter and real-word issues.

According to the NYC Department of
Education (2009, p. 14), students experience
learning if they see the connection of
their own world with the subject matter
or through the product expected to be
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developed. In this study, students taught
using project-based learning model got
involved in developing artefacts such as
scientific reports to demonstrate what has
been learnt. In the process of developing
the artefacts, the students were involved
into thinking and learning because product
developed could not be simply copied from
anywhere (authentic). Also, the authentic
products developed during project-based
learning were presented to the audience
(e.g. teacher, researcher and classmates,
and general public). The presentation of
the product to the audience helped to create
an atmosphere of collaboration among the
students as they taught and learnt from
each other and the other members from the
audience (NYC Department of Education,
2009, p. 14).

CONCLUSIONS

From this study, it was concluded that
both project-based learning and 5E learning
cycle instructional models are effective
enough to improve the students’ ability
to acquire new biological knowledge,
and also that project-based learning
instructional model is more effective than
SE learning cycle instructional model in
improving the students’ ability to acquire
new biological knowledge. This is based
upon the results obtained in SMAN 1
showing the N-gain mean scores of PjBL
(75.40%), SE learning cycle (63.50%),
and scientific approach (40.73%), and the
results in SMAN 8 showing N-gain mean
scores of PjBL (71.69%), SE learning
cycle (58.62%), and scientific approach
(31.40%).

REFERENCES

Abbott, B. B., & Bordens, K. S. (2011).
Research design and methods. A
process approach. (8th Ed.). New
York: McGraw-Hill Companies, Inc.



Kijambu, J. B., dkk.: Effectiveness of Project-based Learning...

Akar, E. (2005). Effectiveness of SE
learning cycle model on students’
understanding of acid-base concepts
(Thesis unpublished report). The
Graduate School of Natural and
Applied Sciences of Middle East
Technical University, Turki.

Avikasari, Rukayah, &Indriayu, M. (2018).
The effectiveness of science literacy
to improve science achievement.
Jurnal Kependidikan, 2(2), 221-234.
Retrieved from:https://journal.uny.
ac.id/index.php/jk/article/view/19167/
pdf.

Bender, W. N. (2012). Project-based
learning: Differentiating instruction
for the 21 century. California: Corwin,
A SAGE Company.

Bilgin, 1., Karakuyu, Y., & Ay, Y. (2014).
The effects of project-based learning on
undergraduate students’ achievement
and self-efficacy beliefs towards
science teaching. Eurasia Journal of
Mathematics, Science & Technology
Education, 11(3), 469-477.

Bishop, J. (2016). Partnership for 21*
century skills (P21). Diunduh dari
https://www.imls.gov/assets/1/
AssetManager/Bishop%20Pre-
Con%202.pdf.

Bybee, R. W. (2009). The BSCS 5E
instructional model and 21st century
skills. Colorado Springs, CO: BSCS.

Bybee, R. W., Taylor, J. A., Gardner, A.,
Scotter, P. V., Powell, J. C., Westbrook,
A.W., & Landes, N. (2006). The BSCS
SE instructional model: Origins and
effectiveness. Colorado: BSCS.

Creswell, J. W. (2012). Educational
research: planning, conducting, and
evaluating quantitative and qualitative
research. (4™ ed.). Boston, MA:
Pearson Education, Inc.

Crider, J. C. (2013). The 5E learning cycle
vs. traditional teaching methods and

how they affect student achievement,
interest, and engagement in a third
grade science classroom (Thesis
unpublished report). Montana State
University, Bozeman, Montana.

Du, X., & Han, J. (2016). A literature review
on the definition and process of project-
based learning and other relative
studies. Creative Education, 7(07),
1079. http://dx.doi.org/10.4236/
ce.2016.77112.

EI [Education International] & ASCD
[Association for Supervision and
Curriculum Development]. (2015). The
2030 sustainable development goals
and the pursuit of quality education
for all: A statement of support from
Education International and ASCD.

Fullan, M., & Langworthy, M. (2014). 4
rich seam: How new pedagogies find
deep learning. London: Pearson.

Gronlund, N. E. (1977). Constructing
achievement test (2™ ed.). Englewood
Clifls, N. J.: Prentice-Hall, Inc.

Hake, R. R. (1999). Analyzing change/gain
score. American Educational Research
Associations Division Measurement
and Research Methodology.

Hallermann, S., Larmer, J., & Mergendoller,
J. (2011). PBL in the elementary
grades:Step-by-step guidance, tools
and tips for standards-focused K-5
projects (1**ed.). California: Buck
Institute for Education.

Harvard Advanced Leadership Initiative.
(20014). Education for the 2 1* century:
Executive summary. Cambridge, MA.

Kizkapan, O., & Bektas, O. (2017). The
effect of project-based learning on
seventh grade students’ academic
achievement. International Journal
of Instruction, 10(1). 37-54. doi:
10.12973/1j1.2017.1013a.

Landis, J. R., & Koch G. G. (1997). The
measurement of the observer agreement

67



JURNAL KEPENDIDIKAN, Volume 4, Nomor 1, 2020, Halaman 55-69

for categorical data. Biometrics,
International Biometric Society, 33(1),
159-174. Retrieved from httpp://www.
jstor.org/stable/2529310.

McLoughlin, C., & Lee, M. J. W. (2007).
Social software and participatory
learning: Pedagogical choices with
technology affordances in the Web
2.0 era. ICT: Providing Choices for
Learners and Learning. Proceedings
Ascilite Singapore 2007 (pp. 664-
675).

Ministry of Education and Culture Republic
of Indonesia (2012). Curriculum
Document 2013. Jakarta: Ministry of
Education and Culture.

Ministry of Education and Culture Republic
of Indonesia. (2014). Concept and
Implementation of Curriculum 2013.
Jakarta: Ministry of Education and
Culture.

Ministry of Education and Culture Republic
of Indonesia. (2015). Strategic Plan
for the 2015-2019. Jakarta: Ministry
of Education and Culture.

Ministry of Education and Culture
Republic of Indonesia. (2017).
Press Conference for Middle School
National Examination year 2017: To
monitor, encourage and improve the
quality of learning. Jakarta: Ministry
of Education and Culture.

Murti, P. R., Aminah, N. S., & Harjana.
(2018). The analysis of high school
students’ science literacy based
on nature of science literacy test
(NOSLIT). Journal of Physics:
Conf. Series, 1097, 012003. doi:
10.1088/1742-6596/1097/1/012003.

Novaristiana R, N., Rinanto, Y., & Ramli,
M. (2019). Scientific literacy profile
in biological science of high school
students. Jurnal Pendidikan Biologi
Indonesia, 5(1), 9-16. doi: https://doi.
org/10.22219/jpbi.v511.7080.

68

NYC Department of Education. (2009).
Project-based learning: Inspiring
middle school students to engage in
deep and active learning. New York:
NYC Department of Education.

OECD & ADB. (2015), Education in
Indonesia: Rising to the challenge.
Paris: OECD Publishing. http://dx.doi.
org/10.1787/9789264230750-en.

OECD [Organisation for Economic Co-
operation and Development]. (2016).
PISA 2015 Results (Vol. I): Excellence
and equity in education. http://dx.doi.
org/10.1787/9789264266490-en.

OECD [Organisation for Economic Co-
operation and Development]. (2016).
PISA 2015 results in focus.

Patton, A., & Robin, J. (2012). Work
that matters: The teacher’s guide
to project-based learning. The Paul
Hamlyn Foundation.

Purwani, L. D., Sudargo, F. & Surakusumabh,
W. (2019). Analysis of student’s
scientific literacy skills through socio
scientific issue’s test on biodiversity
topics. Journal of Physics: Conf- Series,
1013, 012019. doi: 10.1088/1742-
6596/1013/1/012019.

Rasmawan, R. (2018). Developing student
worksheet for inquiry-based chemistry
to improve scientific process skills.
Jurnal Kependidikan, 2(1), 98-115.
Retrieved from https://journal.uny.
ac.id/index.php/jk/article/view/11034/
pdf.

Sam, C. K., Owusu, K. A., & Krueger, C.
A. (2018). Effectiveness of 3E, 5E and
conventional approaches of teaching
on students’ achievement in high
school biology. American Journal of
Educational Research, 6(1), 76-82.
doi: 10.12691/education-6-1-12.

Scott, C. L. (2015). The futures of learning
3: what kind of pedagogies for the



Kijambu, J. B., dkk.: Effectiveness of Project-based Learning...

21% century? Education Research and
Foresigh: Working Paper, No. 15.

Siddiqui, U. (2016). Effectiveness of

5E learning cycle model of con-
structivist approach on ninth-
grade students’ understanding of
colloids. PARIPEX- Indian Journal
of Researh, 5(1), 171-174. Retrieved
from https://www.worldwidejournals.
com/paripex/file.php?val=Mar
ch 2016 1459421513 56.pdf.

Subkoviak, M. J. (1988). A practitioner’s

guide to computation and interpre-
tation of reliability indices for
mastery tests. Journal of Educatio-
nal Measurement, 25(1), 47-55.
doi:10.1111/j.1745-3984.1988.
tb00290.x.

The Ontario Public Service. (2016). The

towards defining 21 century com-
petencies. The foundation document for
discussion. Ontario, Canada.

TIMSS. (2015). Science—fourth grade:

International science achievement.
IEA’s Trends in International
Mathematics and Science Study.
Retrieved from http://timss2015.org/
download-center/.

Tuckman, B. W. (1993). The essay

test: A look at the advantages and
disadvantages. Nassp Bulletin, 77(555),
20-26.

Widiana, I. W., Suarjana, [. M., & Dewi, N. P.

L. C. (2019). Optimizing project-based
try activity to improve the dimension
of students’ cognitive process. Jurnal
Kependidikan, 3(1), 15-27. Retrieved
from https://journal.uny.ac.id/index.
php/jk/article/view/14422

World Economic Forum. (2019). The

global risks report 2019. Insight
report (14" ed.). Geneva: World
Economic Forum.

69



