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 This study explores the effect of problem-based learning on students' lateral 
thinking skills in biology subjects, the concept of environmental change. This 
quantitative research uses a quasi-experimental model with a pre-test post-test 
control group design. The population in this study were students of class X MIPA 
Integrated High School Riyadlul Ulum academic year 2018/2019. The sample used 
was 2 classes consisting of 64 students taken using the cluster random sampling 
technique. The lateral thinking skills test includes four lateral thinking factors, 
namely recognizing the dominant ideas of the problem, looking for different ways 
of looking at things looking for different ways of looking at things, loosening rigid 
ways of thinking and using random ideas to generate new ideas. Test is organized 
in essay consisting of 20 items. Data on lateral thinking skills were obtained from 
the pre-test and post-test scores. Result of the research concludes that there is a 
significant influence of PBL model on students’ lateral thinking ability. Of the four 
lateral thinking factors that was studied, the factor recognizes the dominant idea of 
the problem became the factor whose average score is the most different between 
the PBL group and the non-PBL group. 

Keywords: problem-based learning, lateral thinking, learning process, collaborative, 
biology 

INTRODUCTION 

Learning that is needed in this time is learning that is not only repeats the ideas, but 
learning that is able to explore the new ideas from students. The exploration of this new 
idea can be done by students through processing the new information that is received 
and solving the problems they face during the learning process takes place. This is 
closely related to the methods and strategies applied by the teachers in the teaching and 
learning process. 

http://www.e-iji.net/
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At present teaching and learning activities tend to be still oriented to the ability to test 
students' memory, so that they are unable to think in a pluralistic manner. Teachers 
should not only teach factual knowledge to students, but also skills for thinking and 
learning. Thinking skills must be an integral part of the school curriculum and should 
not be considered an aspect of isolated learning. Therefore, thinking skills must be 
integrated in subjects and at various levels. 

Thinking according to Edwards, (2007) is "looking for meaning ... thinking is a mental 
process in which something is returned in the mind to make sense from experience", 
then according to Bono, (1970) the purpose of thinking is to gather information and use 
it to determine the best. Meanwhile, thinking skills according to Moseley et al., (2005) 
are mental processes that we use to do things such as: solving problems, making 
decisions, asking questions, planning, evaluating ideas, arranging information, and 
making objects. Thinking skills allow us to integrate every new experience into the 
scheme that we build. These skills are needed to give others more understanding of what 
they see and understand. 

One of the thinking skills that students must have is lateral thinking skills. Lateral 
thinking is a kind of creative thinking (Fisher, 2005). Lateral thinking is a dimension of 
creative thinking. Those who have lateral thinking, at the same time, think creatively. 
Lateral thinking, is a way of handling information, provides a means to restructure 
thought patterns, to pave the way for new ideas to develop, which in turn may be needed 
in the future. Lateral thinking deals with the generation of ideas and approaches—order 
and sequence does not matter, whilst vertical thinking develops them in selective and 
hierarchical manners (Waks, 1997). Bono, (1994) defines lateral thinking as a series of 
processes about systematic and creative ways of thinking that produce innovative 
thinking repeatedly. Lateral thinking is one way of thinking that replaces conventional 
vertical thinking that only uses the logic of traditional thinking. This way of thinking, 
can demand students' thinking in solving problems critically and creatively. The 
condition of students actually wants learning that requires the use of their thinking to 
solve problems with diverse solutions. Edward de Bono originated the concepts of 
lateral thinking (literally sideways thinking) and parallel thinking to distinguish the 
many techniques for deliberative creative thinking that he has developed from what he 
considers to be normal perceptions regarding creativity and innovation (Burgh, 2016). 
Lateral thinking has positive relation with academic achievement, it fits More & 
Jagadesh, (2017) with the conclusion that all the five dimensions of lateral thinking 
ability is positively correlated with academic achievement. Therefore, it can be 
concluded that efforts are made by teachers to develop lateral thinking ability of 
students along with teaching of academic subjects. 

The teaching and learning process that has taken place so far especially at the high 
school level has not been as expected. Learning done in class should require students to 
think in a more creative direction in understanding a concept. Students are emphasized 
to be active in learning and the teacher places himself as a facilitator by preparing 
strategies, approaches and appropriate learning models. Often times students succeed in 
solving certain problems, but failure may occur if the concept is changed. Another 
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description of the final outcome of the learning process that often occurs is the lack of 
ability of students to understand the concept contextually. This is possible because they 
have not trained their thinking skills during the learning process. The teacher as a 
facilitator can improve learning patterns such as by applying and varying learning 
models that are more student-centered. 

Problem-based learning is one learning model that is student centered. This learning 
utilizes a constructivist approach, students strive to solve everyday problems in a 
collaborative environment. Through Problem-based learning, students can develop 
problem solving skills and critical thinking skills by generating information based on 
real life experiences and gaining knowledge about their own learning (al Wadani & 
Khan, 2014). As White, (2001) notes, in the term "ill-structured" problem-based 
learning literature is used to describe open-ended problems that have many solutions and 
require students to choose various problem-solving methods before deciding on a 
particular solution (Shelton & Smith, 1998). Unstructured problems can help students 
learn important concepts, ideas, and techniques (Galagher, 1997), because they can 
provoke them to discuss groups while providing their own experience in solving 
problems like researchers in the field. Students are given significant opportunities for 
creativity and flexibility in solving problem-based learning problems. This process will 
also foster students' assumption that the knowledge they get by thinking about the 
problems they face in learning will be useful in the future (White, 2001). 

Various studies have been conducted which show the effect of problem-based learning 
in training and developing some thinking skills. Bashith & Amin, (2017) in his study 
concluded that the problem-based learning model influences critical thinking skills and 
student learning outcomes in Malang 6 Public High School. Critical thinking skills and 
learning outcomes from the experimental group were higher than the control group. 
Another study conducted by Sihaloho, Sahyar, & Ginting, (2017) shows that problem-
based learning has a significant influence on students' creative thinking and problem-
solving abilities in physics learning. The value of student's creative thinking and 
problem-solving abilities of students taught with the problem-based learning model is 
better than conventional learning. This shows that the problem-based learning model has 
a better effect on student's creative thinking and problem-solving students' abilities. The 
results of the study of Kumar & Refaei, (2017) concluded that problem-based learning 
in intermediate compositions can help students think more critically in their work as 
writers. Similarly, the results of Birgili's study (2015) concluded that with problem-
based learning students have the opportunity to discover new knowledge in solving 
problems they face, because problem-based learning exercises their creative and critical 
thinking skills. 

Some research results that have been revealed show that problem-based learning is one 
of the learning models that can improve thinking skills. Therefore, the authors have an 
interest in conducting research on the effect of problem-based learning on one thinking 
skill, namely lateral thinking skills. This research is devoted to biology subjects in the 
concept of environmental change taught at the high school level. 
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METHOD 

Research Design 

This research is a quantitative study using a quasi-experimental model with pre-test 
post-test control group design. The population in this study were students of class X 
MIPA Integrated High School Riyadlul Ulum 2018/2019 academic year spread in 7 
classes. The sample used was 2 classes consisting of 64 students taken using the cluster 
random sampling technique. Class X MIPA-4 as an experimental class taught with 
problem-based learning and class X MIPA-3 as a control class taught by conventional 
models. Selection of cluster random sampling in determining the sample in this study 
because the population in this study does not consist of individuals, but consists of 
groups of individuals or classes.  

Learning process in PBL class and non-PBL class was conducted in 4 meetings. In PBL 
class, students are taught to use PBL syntax namely (1) clarifying unknown terms, (2) 
problem definition, (3) brainstorming, (4) analyzing problems, (5) formulating learning 
objectives, (6) independent learning and (7) report the results of problem solving 
(Camp, van Het Kaar, van der Molen, & Schmidt, 2014).  Meanwhile, in PBL class and 
non PBL class, students conducted learning process as they used to do with using speech 
method, discussion and question and answer. 

Data Collection and Analysis 

The variables in this study consisted of independent variables and dependent variables. 
The independent variable is the problem-based learning model, while the dependent 
variable is lateral thinking skills. The instrument used in the research is a description test 
on the concept of environmental change that has met the criteria of validity and 
reliability. Before applying the instrument, validity test and reliability test are passed. 
Validity test level is between 0,485-0,722 and its reliability 0,84. The lateral thinking 
skills test includes four lateral thinking factors, namely recognizing the dominant ideas 
of the problem, looking for different ways of looking at things, loosening rigid ways of 
thinking and using random ideas to generate new ideas. Data on lateral thinking skills 
were obtained from the pre-test and post-test scores. The calculation results are derived 
from the reduction of the post-test and pre-test scores in the form of a gain score used to 
test the hypothesis. Data were analyzed using prerequisites and hypothesis testing. The 
normality test analyzed by Kolmogorov-Smirnov Test and homogeneity test were 
analyzed by Levene's Test of equality error variance. The hypothesis was analyzed using 
the t-test with a significance level of 0.05 with the help of SPSS Version 23 for 
Windows. 

FINDINGS  

The results of the study in the experimental class were taught with a problem-based 
learning model and in the control class taught by conventional models, presented in 
Table 1.  
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Table 1 
Pre-Test, Post-Test and Lateral Skill Gain Score 

Group Pre-test Post-test Gain Categories 

Experiment 17.94 31.19 0.46 Medium 
Control 13.60 22.81 0.26 Low 

Table 1 shows that there are differences in the average pre-test score of the experimental 
class with the control class, as well as the average post-test and gain scores. The 
experimental class has a greater average score than the control class. While based on the 
gain, the control class is low. Next is the difference in average pre-test, post-test and 
gain for each lateral skill indicator in the experimental class and the control class. As 
explained earlier that in this study, lateral skills used 4 indicators, namely recognizing 
the dominant ideas of the problem, looking for different ways of looking at things, 
loosening rigid ways of thinking and using random ideas to generate new ideas. 

Table 2  
Differences in Pre-Test, Post-Test and Gain Average Scores in Experimental Classes 
and Control Classes on Each Lateral Skill Indicator 

Factors 

Average 

Experimental Class Control Class 

Pre-
test 

Post-test Gain Pre-
test 

Post-test Gain 

Recognize the dominant idea of the 
problem 

2.29 3.59 0.76 1.79 2.84 0.47 

Look for different ways of looking 
at things 

1.18 2.25 0.38 0.86 1.81 0.30 

Loosen rigid thinking 1.17 2.11 0.33 0.87 1.43 0.18 
Use random ideas to bring up new 
ideas 

0.99 1.99 0.33 0.71 1.18 0.14 

Based on the table. 2, in all lateral skills factors, the class taught with the problem-based 
learning model is superior to the class taught with conventional models. Among the 4 
careful factors, the most obvious difference in the average score of the factor recognizes 
the domain idea of the problem. In this factor the average pre-test score is 2.29, the post-
test is 3.59 and the gain is 0.76 (high categorized). While in the control class, the 
average pre-test score was 1.79, the post-test was 2.84 and the gain was 0.47 (medium 
categorized). Meanwhile, the factors use random ideas to bring new ideas into factors 
whose differences are not too far away. Before the hypothesis is tested, the analysis 
prerequisites are tested, namely the test for normality and homogeneity. The results of 
the normality test data are presented in Table. 3. 
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Table 3  
Results of Normality Test Analysis in the Control Class and Expansion Class 

Group 
 

One-Sample Kolmogorov-Smirnov 

Statistic df Significant 

Control Class 0.077 32 0.200 
Experimental Class 0.080 32 0.200 

Based on the analysis of the normality test in Table. 3, it can be seen that the 
significance = 0.200 greater than 0.05 (coefficient). This means that both groups of data 
(control class and experiment class) are from populations that are normally distributed. 
The test results of the homogeneity of the variance of the two groups of data are 
presented in Table. 4. 

Table 4  
Analysis of Variance Homogeneity Test Results 
Test of Homogeneity of Variances 

Levene Statistic df1 df2 Sig. 

6.384 1 62 0.514 

Based on the results of the homogeneity test, it shows that significance = 0.514 greater 
than 0.05 (coefficient). So, it can be concluded that the data on lateral thinking skills are 
homogeneous. Lateral skill score data proved normal and homogeneous, then tested 
using the t-test. An independent t-sample test was used to determine the significance of 
specific differences between the two groups analyzed partially. The results of the t-test 
can be seen in Table 5. 

Table 5  
Independent Sample T-Test Analysis Results 

 

t-test for Equality of Means 

t df Sig. (2-tailed) 

Gain Score of Lateral Thinking 
Skill 

Equal variances assumed -7,074 62 0,000 

Equal variances not 
assumed 

-7,074 51,596 0,000 

Table 5 shows that there are significant differences in lateral skills of students between 
the experimental group and the control group. This is evidenced by the results of the t-
test analysis with a significant value (2 tailed) = 0,000 less than 0.05 (coefficient). Based 
on the results of the test it can be concluded that the lateral thinking skills of students 
taught using problem-based learning are higher than conventional models. 

DISCUSSION 

In general, the results of this study indicate that there is an effect of problem-based 
learning on thinking skills. The results of this study are in line with the opinion of 
Arends, (2012) that the application of problem-based learning as a learning model has 
proven to be effective in improving high-level thinking skills. Strobel & van Barneveld, 
(2009) provide the same review that problem-based learning is an ideal learning 
approach that can be used by teachers to assist students in determining solutions to "ill-
structured" problems. Furthermore, it was explained that, normally students are faced 
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with problems that are "ill-structured" that will help students improve their thinking 
skills. This research is also in line with the conclusions of the study by Azaniar, (2017) 
that by using the problem-based learning model students can be more independent to get 
used to identifying, analyzing, and finding solutions to problems. 

Problem-based learning in the learning process uses seven steps, namely (1) clarifying 
unknown terms, (2) problem definition, (3) brainstorming, (4) analyzing problems, (5) 
formulating learning objectives, (6) independent learning and (7) report the results of 
problem solving (Camp, van Het Kaar, van der Molen, & Schmidt, 2014). The problem-
based learning model steps are enough to stimulate students' thinking critically on each 
topic of the problem that requires a solution that is in accordance with the material being 
taught. Problem-based learning facilitates the delivery of messages to students through 
the use of observation and identification techniques. This technique trains students to 
find solutions to broader and more comprehensive problems. The ability to observe and 
identify also helps students to understand the experience of involving themselves in the 
problem-solving process, this process can indirectly improve the ability to think 
laterally. 

Jurkovic (2005) explained that brainstorming in PBL can train and develop students' 
lateral thinking skills. Brainstorming is a lateral thinking process that helps students 
decide on a problem by using a mindset that comes from various perspectives. In this 
process students are required to produce ideas spontaneously, quickly, broader and more 
varied. Furthermore, Bono (1970) explained that brainstorming is a formal rule used in 
practicing lateral thinking. Brainstorming is not a special technique but only a special 
rule to encourage the application of principles and techniques of lateral thinking in 
avoiding the vertical rigidity of thinking that has been used so far. 

The four lateral thinking factors measured in this study include recognizing the 
dominant ideas of the problem, looking for different ways of looking at things, 
loosening rigid ways of thinking, using random ideas to generate new ideas (Bono, 
1970). Factors recognizing the dominant idea of the problem in the experimental class 
showed a greater pretest score compared to the secondary class. The greater the score 
obtained is caused by learning with problem-based learning which exposes students to 
authentic problems. The findings of this study are in line with the opinion of Herrington, 
(2006) which states that authentic learning can develop students' thinking skills, because 
students will think more comprehensively in solving authentic problems. Yuliati, 
Fauziah, & Hidayat, (2018) in her research stated that one of the learning models that 
can train thinking skills is a problem-based learning, because in this model students are 
faced with authentic problems. Problem-based learning choices have been widely 
adopted in various fields and educational contexts to enhance critical thinking and 
problem solving in authentic learning situations (Yew & Goh, 2016). Setty, (2010) 
states that sharpening lateral thinking skills will open up new opportunities, because by 
lateral thinking, the solution found is really obtained from the situation in a totally new 
perspective. This is obtained from skills in recognizing the main idea of the problem at 
hand. 
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Tan, (2004) explains that the problem presented in problem-based learning requires a lot 
of perspective in solving it. The use of cross-disciplinary knowledge is a key feature of 
problem-based learning. In any case, problem-based learning encourages solutions to 
problems by considering knowledge from various subjects and topics. The character of 
PBL described above is in line with the second factor in lateral thinking, which is 
looking for different ways of looking at things. This means that problem-based learning 
can train and develop lateral thinking skills in determining solutions to problems faced 
based on different perspectives. Major & Palmer, (2001) found that students trained in 
problem-based learning tended to use a variety of versatile and meaningful approaches 
to learning, compared to non- problem-based learning students. Through PBL, students 
learn to connect newly received information with prior knowledge, previous experience, 
theories, new facts and ideas, other people's perspectives and real-world contexts (Tan, 
2004). The results of the study and some of the opinions above are in accordance with 
the results of the research that has been conducted, that the lateral thinking skills of 
students in the experimental class are better than those in the control class. 

Problem-based learning can loosen rigid thinking. This method is generated from the 
learning process that is student centered, requires active students, collaborative and 
cooperative activities during the learning process. This is explained by Wirkala & Kuhn, 
(2011) that problem-based learning ensures the learning process takes place in an 
interesting atmosphere, because students can take part in learning activities without 
being limited in their ability to determine various ideas for the problems they face. 
Classes are more dynamic through learning discussions, questioning each other, 
producing creative ideas in finding solutions. The same thing was conveyed by 
Apriyani, Nurlaelah, & Setiawati (2017), that problem-based learning encourages 
students to recognize ways of learning and collaborating in groups to solve contextual 
problems involving high-level thinking skills. The process of discussion that requires 
students to be active in arguing makes students not feel bored when they find a deadlock 
in finding ideas related to the problems presented. 

The fourth factor of lateral thinking according to Bono, (1970) is to use random ideas to 
generate new ideas. Learning with the problem-based learning model does not only 
memorize facts, but students get the opportunity to present their ideas to a group, defend 
and revise them when needed. This shows that problem-based learning demands a 
diversity of ideas in finding solutions to the problems being discussed. The results of 
this study show that the diversity of ideas in problem-based learning classes is better 
than those in non- problem-based learning classes. Chen, (2011) revealed that PBL has 
the potential to increase students' responsibility in controlling their own learning. 
Students who are allowed to organize their own learning will be more involved in 
learning. Their involvement in problem-based learning involves framing problems; data 
collection; Different thoughts ideas or ideas vary in evaluating alternative solutions to 
problems and finding various solutions (Hmelo & Ferrari, 1997). Through PBL, 
students learn a variety of new skills, new ways and new ideas to find alternative 
solutions to problem solving based on the knowledge they have before (Harland, 2002). 
Furthermore, Glaser (1991) revealed that students involved in problem-based learning 
would be accustomed to generating their problem-solving methods and conceptual 
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knowledge. They express their new ideas to be applied in new situations and share 
responsibility in managing the problem situation in group work. 

CONCLUSION 

Problem-based learning is one of the student-centered learning models. Its use is 
intended to develop a variety of advanced cognitive abilities such as problem solving 
and communication skills and various student thinking skills including lateral thinking 
skills. This study aims to determine the effect of problem-based learning on students' 
lateral thinking abilities, especially in Biology subjects, the concept of environmental 
change. The results showed that there was a significant effect of the problem-based 
learning model on students' lateral thinking skills. Of the four factors of lateral thinking 
skills studied, the factor recognizing the dominant idea of the problem became the factor 
whose average score was the most different between the PBL group and the non-PBL 
group. 

Lateral thinking skills become one of the important thinking skills for students. These 
skills train students to think creatively and systematically to produce innovative 
thinking. Students or someone who uses lateral thinking will create new ideas from ideas 
that were already known in solving problems. These skills are needed by students during 
their studies and when they graduate and work professionally. This research has a 
weakness that its sample used along with its research process; therefore, the next 
researcher is hoped to use sample more to add its significance of the research. 
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