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This study determined the effects of problem-based learning (PBL) on critical and creative thinking
skills of second year high school biology students in the Philippines. A quasi-experimental research
design using pretest-posttest was employed. One class was exposed to instruction with PBL while the
other class was exposed to conventional instruction (Non-PBL). Students exposed to instruction with
PBL had higher posttest mean scores in the Critical Thinking Skills Test and Creative Thinking Skills
Test than those who were exposed to instruction without PBL. In addition, critical thinking skill ap-
peared to be a significant positive predictor of creative thinking skill. Hence, it is recommended that
teachers use the PBL approach in biology classes to enhance the critical and creative thinking skills of

the students.
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INTRODUCTION

What is education in the 21st century? Many
educators have been confronted by this question as
they endeavor to equip learners with knowledge,
skills, and attitude (Soul¢ and Warrick, 2015).
Education experts would agree that education in
the 2Ist century is about honing intelligences
(Donovan et al., 2014). As such, educators should
embrace innovation and transformation in the
teaching and learmning processes. They have to
make sure that teaching strategies and approaches
address the needs of students.
realizing the importance of developing thinking
skills (Tan, 2003; Tan, 2009). The role of teachers
is indispensable in nurturing thinking skills. It re-

Indeed, they are

quires enough time and effort to plan, design, exe-
cute and evaluate learning activities (Hancer,
2013).

The Constitution of the Philippines encour-
ages all educational institutions to promote critical
and creative thinking among Filipinos. The Bu-
reau of Secondary Education endorses the follow-
ing goals in science: (1) to promote student aware-
ness of the relevance of science to life, and (2) to
develop critical and creative thinking skills as well
as skills in problem solving (Bureau of Secondary
Education, 2009).
characterized by learning through memorization,

Many education systems are

learning by imitation, and learning by modeling
(Garcia-Retamero et al., 2009; Hamidi ef al., 2011;
Helikar et al., 2015). These systems are important
for acquiring fundamental knowledge and skills.
However, these are not enough for students to de-
velop necessary thinking skills in order to face
real-world problems. Biology teachers have been
criticized for giving numerous facts to students and
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requiring those facts in the examination (Momsen
et al, 2010). As a result, the opportunities to
stimulate curiosity, inquiry, engagement, and mo-
tivation in learning are reduced, if not lost (Tan,
2003).

Critical thinking can be developed through
student-centered approach in teaching and learning
(Snyder and Wiles, 2015), whereas creative think-
ing can be enhanced through open-ended questions
during class discussion and incorporate problem-
based scenarios in student learning activities
(Awang and Ramly, 2008) .

Problem-Based Learning (PBL) is a peda-
gogical approach originally developed for medical
schools. A problem acts as the stimulus for stu-
dents’ learning activity. Learning is purposeful as
students learn while searching for possible solution
to problems and they learn in the context in which
knowledge is to be used (Chin and Chia, 2004).
PBL promotes higher-order thinking skills, knowl-
edge construction, collaborative learning, and in-
Furthermore, PBL helps
achieve the purpose of education which is to de-

dependent learning.

velop content experts, problem solvers, team play-
ers, and life-long learners (Tan, 2009).

Pepper (2009) replaced conventional tutorial
and laboratory sessions in three first year course
units with problem-based learning in science. The
majority of the students indicated that they relished
working in groups to share new knowledge, the
flexibility in approaches and workload. On the
contrary, some students were certain that their
learning experience was enhanced but preferred
greater direction in the use of PBL.

Akinoglu and Tandogan (2007) investigated
the effects of PBL active learning in 7th grade sci-
ence on the students’ academic achievement, atti-
tude and concept learning. They concluded that
the implementation of PBL had positively affected
students’ academic achievement and attitude to-
wards science. Moreover, the students’ conceptual
development significantly improved, keeping mis-
conception at the lowest level.
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Chin and Chia (2006) examined PBL for sec-
ondary school students using ill-structured prob-
lems in biology and proved effective in a case
study involving nine students using PBL. They
found that several students initially experienced
difficulties in identifying a problem by themselves.
Eventually, however, they formulated personally
So it
turned out that the ill-structured problems stimu-

meaningful problems for investigation.

lated the students to pose questions which charted
their course of action leading to independent in-
quiry. Students were led to investigate a multidis-
ciplinary element beyond the boundaries of typical
school science.

Awang and Ramly (2008) investigated the ef-
fect of PBL on the creative thinking skill approach
through problem-based learning: pedagogy and
practice in the engineering classroom. The find-
ings revealed that the over creativity of the stu-
dents was characterized by originality and fluency.
Students who got high scores on originality
showed the ability to produce unexpected ideas
while those students who got high scores on flu-
ency showed the capability of producing a large
number of ideas in response to problem-solving
situations. However, the flexibility scores showed
that most of the students were not flexible in their
approach in relation to learning and acquiring
knowledge.

The study of Yuan ef al. (2008) on promoting
critical thinking through PBL involved 23 bacca-
students
experimental pretest- posttest based on the revised
version of California Critical Thinking Skills Test.
It was shown that students’ critical thinking skills
significantly improved in one semester using PBL.

laureate  nursing and used quasi-

Most of the students involved in the study sug-
gested that PBL allowed them to share their opin-
ion with others, analyze situations in different
ways and explore the possibilities of solving prob-
lems. However, a few of the participants felt very
stressed and overloaded during the PBL process.
Edwards and Hammer (2007) pointed out
several problems encountered on PBL: 1) Students
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believed that the tasks were ambiguous; 2) Stu-
dents experienced difficulties in group work; and
3) Students agreed that individual differences af-
fected the results of their study. On the contrary,
the benefits of PBL such as improvement on stu-
dents’ communication skills, ability to locate and
evaluate relevant information, and increased ca-
pacity for problem solving were also revealed.

The study of Thummarpon and Thongkam
(2002) involved 150 participants that were divided
into three groups, namely: 1) science-based; 2) art-
based and 3) combined group. Twenty-five (25)
students per group were randomly assigned to the
PBL teaching method and the other 25 were ex-
posed to regular teaching. Findings revealed the
following: 1) PBL had a greater effect on academic
achievement than the regular teaching method, 2)
different group characteristics had no significant
effect on academic achievement, 3) teaching
methods and characteristics had interaction effects
on critical thinking. The results showed that PBL
used on science-based students had a greater effect
on critical thinking than the regular teaching
method.

As a pedagogical approach, PBL has poten-
tial in enhancing thinking skills of the students
(Chin and Chia, 2004). Although it has been used
in other countries, this approach is not widely
adopted in the Philippines and not much has been
documented on PBL specifically, at the secondary
level. Thus, it is conducted to examine if Filipino
students’ critical and creative thinking skills in
biology would be enhanced by PBL.

METHODOLOGY
Sample

Two groups of second year high school biol-
ogy students, with the age range of 14 to 15 years,
in one of the Filipino-Chinese schools in Quezon
City, Philippines, were involved in the study.
There were 27 students in each group and they
were randomly assigned to either the PBL or Non-
PBL group.
The Instruments

Orozco and Yangco

Two instruments were used in the study,
namely, Critical Thinking Skills Test in Biology
and Creative Thinking Skills Test in Biology.
Both of these instruments were developed by the
present researchers from existing test instruments,
sent to six experts in the teaching and learning
field for review and then revised based on the
These
experts includes three science education specialists

comments received from the reviewers.

from the University of the Philippines - National
Institute of Science and Mathematics Education
Development and three college professors special-
ize in thinking skills and science education from
the University of the Philippines, College of Edu-
cation. The Critical Thinking Skills Test in Biol-
ogy is based on the Watson—Glaser Critical Think-
ing Appraisal (Watson and Glaser, 1991). The test
is made up of 39 multiple choice questions each
worth one point for a total of 39 points. This test is
divided into five-parts: Part I Making inference;
Part II Recognition of assumptions; Part III Deduc-
tion; Part IV Interpretation; and Part V Evaluation
of arguments. The Creative Thinking Skills Test
in Biology is based on Torrance Test of Creative
Thinking (Torrance, 2006). The test is made up of
13 open-ended questions which require the appli-
cation of some important abilities in creative think-
ing skills such as originality, fluency, flexibility
and elaboration. This test is divided into seven-
parts: Part I Improve a product; Part II Unusual
uses; Part III Make another product; Part IV What
if; Part V Solve a problem; Part VI Make a story;
and Part VII Design an experiment. The students’
answers in this test were scored using the scoring
rubric for creative thinking skills patterned after
the work of Torrance (2006) which is shown in
Table 1. <You may email the corresponding author
for the copy of these instruments>
Data Collection Procedure

The study covered the first quarter of School
Year 2012-2013, which is 40 days, or 8 weeks,
long. The lessons included in the study were on
ecology. The students had the biology class for
one-hour and twenty-minute duration every day
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from Monday to Friday. The two groups of stu-
dents participating in the study had different class

schedules every morning. The same teacher-

researcher executed the two methods of instruction.

One group was taught using PBL while the other
group was taught using instruction without PBL.
Learning activities for the PBL group included

Orozco and Yangco

short video presentation, group work using non-
structured activities and post discussion using
Those for the Non-PBL
group were the same as those of PBL group except

software presentation.

for the group work using structured activities (Ta-
ble 2).

Table 1 Criteria for Scoring Creative Thinking Skills Test Response

Creative Thinking o
Skills Criteria Score
Formulation of ideas that are unique
Least original (common idea) 0
ORIGINALITY Moderately original (partial/some) 2
Most original 4
Number of correct responses
FLUENCY No correct response 0
1-2 correct response/s 2
3 or more correct responses 4
Number of acceptable ideas/ products presented
FLEXIBILITY No idea/product presented 0
1-2 product/s presented 2
3 or more products presented 4
Completeness of the procedure presented
ELABORATION No procedure presented 0
Almost complete procedure presented 2
Complete procedure presented 4

Table 2 Lesson Structure for PBL Group and Non-PBL Group

PBL Group

| Non-PBL Group

Pre-lecture Ac-
tivity

Students were asked to watch short video clippings on ecology.

Motivation

The teacher asked questions based from the short video clipping presented.

Lesson Proper
tions (Lambros, 2004).

Groups were given non structured student
activities or problem-based scenarios from
which they derived facts, what they need to
know, learning issues, possible solutions,
new learning issues, and dependable solu-

Groups were given structured student activi-
ties modified from existing workbooks and
laboratory manuals. The format of the activ-
ity includes the title, materials, introduction,
procedure, discussion, summary, and con-
clusion.

One representative student for each group shared their output at the end of the activity.
Post-discussion followed after the student activity.

Assessment

Short written quiz about the lesson

Data Analysis

The data were analyzed using Microsoft Ex-
cel and the SPSS 20 for the following analyses: 1)
t-test for independent samples was applied to the
pretest mean scores on the Critical Thinking Skills
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Test in Biology and Creative Thinking Skills Test
in Biology of PBL and Non-PBL groups. It was
also utilized to determine if the difference in the
posttest mean scores between the PBL group and
the Non-PBL group was significant, 2) t-test for
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paired samples was used to determine whether the
differences in the pretest and posttest mean scores
of the Critical Thinking Skills Test and Creative
Thinking Skills Test in Biology between the PBL
group and Non-PBL group were significant, and 3)
linear regression was used to determine if critical
thinking skill predicted creative thinking skill.

RESULTS AND DISCUSSION

The presentation of the results is divided into
seven parts: 1) comparison of pretest scores of
PBL group and Non-PBL group on Critical Think-
ing Skills Test in Biology, 2) comparison of pre-
and posttest scores of PBL group and Non-PBL
group on Critical Thinking Skills Test in Biology,
3) comparison of posttest scores of PBL group and
Non-PBL group on Critical Thinking Skills Test in
Biology (sub-skills), 4) comparison of pretest
scores of PBL group and Non-PBL group on Crea-
tive Thinking Skills Test in Biology, 5) compari-
son of pre and posttest scores of PBL group and
Non-PBL group on Creative Thinking Skills Test
in Biology, 6) comparison of posttest scores of
PBL group and Non-PBL group on Creative
Thinking Skills Test in Biology (sub-skills), and 7)
critical thinking skill as predictor of creative think-
ing skill.

Critical Thinking Skills

Prior to the start of the intervention, the pre-
test mean scores in the Critical Thinking Skills
Test in Biology of the PBL and Non-PBL groups
were compared using two-tailed z-test for inde-
pendent samples. There was no significant differ-
ence (p=0.828) in the pretest mean total score be-
tween the PBL group (M=26.07+6.10) and the
Non-PBL group (M=25.74+5.09). The results
establish that the PBL and Non-PBL groups were
initially comparable in terms of critical thinking
skills.

To determine if there was an improvement in
the critical thinking skills in biology of the PBL
and Non-PBL groups, the one-tailed #-test for re-
lated samples was used. There was a significant
difference at the 0.000 level in pretest (M=26.07
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+6.10) and posttest M=31.52+1.87 mean total
scores of the PBL group and there was also a sig-
nificant difference at the 0.000 level in pretest
(M=25.74£5.09) and posttest (M=30.04+2.95)
mean total scores of the Non-PBL group in the
Critical Thinking Skills Test in Biology.

To compare the posttest mean scores in the
Critical Thinking Skills Test in Biology of the two
groups, one tailed #-test for independent samples
was used. There was a significant difference at the
0.032 level in the mean total scores of the PBL
group (31.52+£1.87) and the Non-PBL group
(30.04+2.95).

Five Components of Critical Thinking Skills

The five components of critical thinking skills
used in the present study were adopted from Wat-
son and Glaser (1991). The five components of
critical thinking skills are as follows: Making in-
ference, Recognition of assumptions, Deduction,
Interpretation of data, and Evaluation of arguments.

The posttest mean scores of the PBL and
Non-PBL groups in the Critical Thinking Skills
Test in biology are presented in Table 3.

On the inference skill the posttest mean score
has no significant difference between the PBL
group (M=5.67+0.88) and Non-PBL group (M=
5.63£1.18) (p>0.05).

On the recognition of assumption skill, the
posttest mean score has no significant difference
between the PBL group (M= 4.96+0.65) and the
Non-PBL group (M=4.67+0.78).

On the deduction skill, the posttest mean
score has no significant difference between the
PBL (M= 5.47+0.69) group and the Non-PBL
group (M= 5.47+0.69).

On the interpretation skill, the posttest mean
score has a significant difference between PBL
group (M=7.59+0.93) and the Non-PBL group
(M=6.74+1.56).

On the evaluation of argument skill, the post-
test mean score has no significant difference be-
tween the PBL group (M=7.89+1.42) and the Non-
PBL group (M=7.59+1.57).
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Table 3 Comparison of the Posttest Mean Scores in Critical Thinking SKkills Test in

Biology for the Two Groups

Skill Group* Mean£SD t-value  Sig.(p=)
.67£0.
Inference PBL 5.67+0.88 0.131 0.100
Non-PBL 5.63+1.18
iti PBL 4.96+0.65
Recognition of 1512 0.137
Assumptions Non-PBL 4.67+0.78
) PBL 5.47+0.69
Deduction 0.000 1.000
Non-PBL 5.47+0.69
PBL 7.59+0.93
Interpretation 2438 0.018
Non-PBL 6.74+1.56
i - PBL 7.89+1.42
Evaluation of Ar: 0.725 0472
guments Non-PBL 7.60+1.58

* N=27 for each group.

Creative Thinking Skills

Prior to the start of the intervention, the pre-
test mean scores in the Creative Thinking Skills
Test in Biology of the PBL and Non-PBL groups
were compared using a two-tailed #-test for inde-
pendent samples. There was no significant differ-
ence (p=0.899) between the pretest mean total
score of the PBL group (M=5.63+4.64) and that of
the Non-PBL group (M=5.48+3.87). The results
establish that the PBL and Non-PBL groups are
initially comparable in terms of creative thinking
skills.

To determine if there was an improvement in
the creative thinking skills in biology of the PBL
and Non-PBL groups, the one-tailed #-test for re-
lated samples was used. There was a significant
difference at the 0.000 level in pretest (M=5.63
+4.64) and posttest M=18.22+6.91 mean total
scores of the PBL group and there was no signifi-
cant difference at the 0.207 level in pretest
(M=5.48+3.87) and posttest (M=6.37+4.23) mean
total scores of the Non-PBL group in the Creative
Thinking Skills Test in Biology.

To compare the posttest mean scores of the
two groups in Creative Thinking Skills Test in Bi-
ology, one tailed f-test for independent samples
was used. The difference between the posttest
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mean score of the students exposed to PBL (M=
18.2246.91) and that of the students exposed to
Non-PBL (M=6.37+4.23) was a significant at the
0.05 level.

The findings of the present study coincide
with those of Tan (2003, 2009) and Awang and
Ramly (2008). According to Tan (2009), PBL
enhances creative thinking skills. He believes that
PBL is a vehicle for cultivating creativity and,
therefore, encourages the development of creative
thinking skills. This was also validated by the
study of Tan (2003) and Awang and Ramly (2008)
that PBL has a positive effect on the different as-
pects or components of creativity.

Four Components of Creative Thinking Skills

The four components of creative thinking
skills used in the present study were adopted from
Torrance (2006). The four components of creative
thinking skills are as follows: Originality, Fluency,
Flexibility and Elaboration.

Table 4 shows the mean posttest scores of the
PBL and Non-PBL groups in the Creative Think-
ing Skills Test in Biology.

On the originality skill, the posttest mean
score of the students exposed to PBL (M=
6.96+1.95) was higher than that of the students
exposed to Non-PBL (M=2.96+2.03). There was a
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significant difference in the posttest mean scores of
the two groups at the 0.05 level. This means that
the students in PBL group can produce more
unique and unusual ideas in biology. The result

Orozco and Yangco

confirms the findings of Awang and Ramly (2008)
who used Torrance Test of Creative Thinking that
the PBL approach significantly improves the stu-
dent’s originality in the creative thinking skills.

Table 4 Comparison of the Posttest Mean Scores in Creative Thinking Skills in Biology

for the Two Groups
Skill Group* Mean£SD t-value  Sig.(p=)
S PBL 6.96x1.95
Originality 7.385 0.005
Non-PBL 2.96+2.03
PBL 9.04+4.13
Fluency 6.423 0.005
Non-PBL 3.11+2.44
e PBL 0.90+1.01
Flexibility 3.362 0.001
Non-PBL 0.15+0.53
PBL 1.33+£1.24
Elaboration 4.561 0.001
Non-PBL 0.15+0.53

* N=27 for each group.

On the fluency skill, the posttest mean score
of the students exposed to PBL (M=9.04+4.13)
was higher than that of the students exposed to
Non-PBL (M=3.11£2.44). There was a significant
difference at the 0.005 level in the posttest mean
scores of the two groups. This implies that stu-
dents in the PBL group can produce a large num-
ber of correct alternative solutions to problem-
solving scenarios in biology. The result coincides
with the findings of Awang and Ramly (2008) that
the PBL approach positively affected the fluency
of engineering students.

On the flexibility skills, the PBL group has a
higher posttest mean score (M=0.90+1.01) com-
pared to the Non-PBL group (M=0.15+0.53) and
the difference in the scores was significant at the
0.001 level. It means that students exposed to PBL
approach can generate more ideas from a different
point of view in response to problem-solving situa-
tions in biology. The result supports the findings
of Awang and Ramly (2008) where the PBL ap-
proach significantly improved the engineering stu-
dent’s flexibility.

On the elaboration skill, there was a signifi-
cant difference at the 0.001 level in the posttest
scores of the two groups in favor of the PBL group.
This means that students exposed to the PBL ap-
proach can improve ideas by providing more de-
tails in response to problem-solving situations in
biology.

Critical Thinking Skill as Predictor of Creative
Thinking Skill

Simple linear regression analysis was used to
test if critical thinking skill significantly predicted
creative thinking skills. The result of linear regres-
sion analysis indicated that critical thinking skills
accounted for 13.9% of the variation in the creative
thinking skills posttest mean score (R*= 0.139,
F(1.53)=8.40) and the regression model was sta-
tistically significant (p=0.005). This means that
critical thinking skills significantly predicted crea-
tive thinking skills. The result of the present study
supports the claims of Paul and Elder (2004) that
critical and creative thinking are interwoven, in-
separable, and interdependent. They argued that
“only when we understand critical and creative
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thought truly and deeply, we recognize them as
inseparable, integrated and unitary”.

CONCLUSIONS AND RECOMMENDATIONS

The study showed that students exposed to
instruction with PBL had higher posttest mean
scores in the Critical Thinking Skills Test and
Creative Thinking Skills Test in Biology than
those who were exposed to instruction without
PBL. In addition, critical thinking skill appeared
to be is a significant positive predictor of creative
thinking skill.

Several studies on PBL revealed that PBL
promotes collaborative learning (Pepper, 2009),
improves attitude toward science (Akinoglu and
Tandogan, 2007), develops content knowledge
(Chin and Chia, 2004), and enhances thinking

skills (Awang and Ramly, 2008; Yuan et al., 2008).

In this study, it was indicated that PBL improved
test scores of the students in the critical and crea-
tive thinking skills tests. Thus, Biology educators
should incorporate PBL into the curriculum for the
enhancement of thinking skills.

Most of the studies on PBL focused on col-
lege students such as in engineering (Awang and
Ramly, 2008), nursing (Yuan et al., 2008), medi-
cine (Spencer and McNeil, 2009) and education
(Semerci, 2006). This study focused on high
school students and revealed that PBL was an ef-
fective teaching approach in teaching biology at
the secondary level. Hence, teachers must use
PBL in teaching biology to high school students
for the development of students’ critical and crea-
tive thinking skills.

For further studies, it is recommended: 1) to
use PBL in other science subjects such as Physics
and Chemistry to see more holistic perspective on
the effects of PBL in critical and creative thinking
skills, 2) to allot longer time in studying the effects
of PBL in other lessons in biology for more thor-
ough results, 3) to increase the sample size of stu-
dent-participants for more reliable findings, 4) to
consider the impact of language or the medium of
instructions to generate possible correlation, 5) to

Asian Journal of Biology Education Vol. 9 (2016)
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identify problems encountered by teachers, stu-
dents, and researchers to determine hindrances and
barriers in the implementation of PBL in secon-
dary education.

REFERENCES

Akinoglu, O. and Tandogan, R. O. (2007) The ef-
fects of problem-based active learning in sci-

students’

achievement, attitude and concept learning.

ence education on academic
Eurasia Journal of Mathematics, Science &
Technology Education 3(1): 71-81.13.

Awang, H. and Ramly, 1. (2008) Creative thinking
skill approach through problem-based learn-
ing: pedagogy and practice in the engineering
classroom. International Journal of Human
and Social Sciences 3(1): 18-23.

Chin, C. and Chia, L. G. (2004) Implementing pro-
ject work in biology through problem-based
learning. Journal of Biological Education
38(2): 69-75.

Chin, C. and Chia, L. G. (2006) Problem-based
learning: Using ill-structured problems in bi-
ology project work. Science Education 90(1):
44-67.

Donovan, L., Green, T. D. and Mason, C. (2014).
Examining the 21st century classroom: De-
veloping an innovation configuration map.
Journal of Educational Computing Research
50(2): 161-178.

Edwards, S. and Hammer, M. (2007) Problem-
based learning in early childhood and primary
pre-service teacher education: Identifying the
issues and examining the benefits. Australian
Journal of Teacher Education 32(2): 20-36.

Garcia-Retamero, R., Takezawa, M. and Gigeren-
zer, G. (2009) Does imitation benefit cue or-
der learning? Experimental Psychology 56(5):
307-320.

Hamidi, F., Kharamideh, Z. M. and Ghorban-
dordinejad, F. (2011) Comparison of the
training effects of interactive multimedia
(CDs) and non-interactive media (films) on
increasing learning speed, accuracy and



Problem-Based Learning: Effects on Thinking Skills in Biology

memorization in biological science course.
Procedia Computer Science 3: 144-148.

Hancer, A. H. (2013) The correlation between the
scientific process and creative thinking skills
of the preservice teachers. International
Journal of Academic Research 5(3): 240-246

Helikar, T., Cutucache, C. E., Dahlquist, L. M.,
Herek, T. A., Larson, J. J. and Rogers, J. A.
(2015) Integrating Interactive Computational
Modeling in Biology Curricula. Plos Compu-
tational Biology 11(3): 1-9

Lambros, A. (2004) Problem-Based Learning in
Middle and High School Classrooms: A
Teacher's Guide to Implementation. Corwin
Press.

Momsen, J. L., Long, T. M., Wyse, S. A. and
Ebert-May, D. (2010) Just the facts? Intro-
ductory undergraduate biology courses focus
on low-level cognitive skills. CBE-Life Sci-
ences Education 9(4): 435-440.

Paul, R. and Elder, L. (2004) Critical and Creative
Thinking. The Foundation for Critical Think-
ing, Dillon Beach, CA

Pepper, C. (2009) Problem based learning in sci-
ence. Issues in Educational Research 19(2):
128-141.

Semerci, N. (2006) The effect of problem-based
learning on the critical thinking of students in
the intellectual and ethical development unit.
Social Behavior & Personality: An Interna-
tional Journal 34(9): 1127-1136.

Snyder, J. J. and Wiles, J. R. (2015) Peer led team
learning in introductory biology: Effects on
peer leader critical thinking skills. Plos ONE
10(1): 1-18.

Spencer, A. M. and McNeil, M. (2009) Interdisci-
plinary curriculum to train internal medicine
and obstetrics-gynecology residents in ambu-

10

Orozco and Yangco

latory women's health: Adapting problem-
based learning to residency education. Jour-
nal of Women's Health 18(9): 1369-1375.

Soulé, H. and Warrick, T. (2015) Defining 21st
century readiness for all students: What we
know and how to get there. Psychology of
Aesthetics, Creativity & the Arts 9(2): 178-
186.

Tan, O. S. (2003) Problem-Based Learning Inno-
vation.: Using Problems to Power Learning in
the 21st Century. Thomson Learning Asia.

Tan, O. S. (2009) Problem-Based Learning and
Creativity. Cengage Learning Asia.

Thummarpon, A. and Thongkam, P. (2002) Ef-
fects of problem-based learning on critical
thinking
achievement of teacher students. Songklana-

enhancement and academic
karin Journal of Social Sciences and Hu-
manities 8(3): 307-321

Torrance, E. P. (2006) Torrance Test of Creative
Thinking. Scholastic Testing Service, Ben-
senville.

Watson, G. and Glaser, EM. (1991) Watson-
Glaser Critical Thinking Appraisal Manual.
Psychological Corporation, London.

Yuan, H., Kunaviktikul, W., Klunklin, A. and Wil-
liams, B. A. (2008). Promoting critical think-
ing skills through problem-based learning.
CMU Journal of Social Science and Humani-
ties 2: 85-100.

WEBSITE

Bureau of Secondary Education, Department of
Education, Philippines: Its Legal Bases.
(2009)
Retrieved from
http://www .bse.ph/index.php/component/cont
ent/article/34-mandate/159-esep.html

Asian Journal of Biology Education Vol. 9 (2016)





