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Abstract 

The present study aimed to investigate the impact of the problem-based learning 
method used in science and technology teaching upon elementary school students’ 
construction levels for the concepts concerning the “Systems in Our Body” unit in 
the science and technology course and their academic achievement. To this end, 
during the four-week experimental application process, the course was taught using 
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the problem-based learning method in the experimental group and the control group 
curriculum was only based on the science and technology textbook. The study used 
two groups including the experimental (n=20) and control (n=21) groups, and the 
study used the pretest posttest control group semi-experimental design. The 
analysis of the obtained data revealed a significant difference in favor of the 
experimental group on students’ scores on the academic achievement test and the 
open-ended questions that identified their construction levels for the concepts. This 
study should guide further studies and to help determine the effectiveness of the 
method in question on elementary school students. 

Keywords: Science and technology teaching, constructivist approach and 
problem-based learning 

Introduction  

Education mainly aims to help students learn better and acquire higher order 
thinking skills that they are going to use throughout their lives.  These skills 
include inquiry-learning skills and critical and creative thinking skills. Therefore, it 
is of great importance to create learning environments based on the constructivist 
approach to ensure that students play an active role in their own learning process 
and access knowledge through investigation and questioning. Constructivism is a 
student-centered learning approach, which maintains  that students construct newly 
encountered information using the learning environments in which they are actively 
engaged (Juniu, 2006; Gijbels and Loyens, 2009). The constructivist approach 
argues that individuals’ behaviors and ideas that develop later are based on their 
previously constructed ideas, and that learning is a process involving an association 
established by learners between their existing knowledge and new ideas and 
experiences (Tsai, 2002; Liang and Gabel, 2005). Thus, this approach suggests that 
when students construct new ideas or new concepts, they learn using their previous 
knowledge after a process of mental balancing, rather than by directly eliciting 
information from their teachers (Ben-Ari, 2001; Hsu, 2004). In learning 
environments based on the constructivist approach, students are active in the 
learning process and in charge of their learning (Brooks and Brooks, 2001), while 
teachers act as guides by providing students with suitable environments to construct 
knowledge (Taber, 2000). Constructivist learning environments bring individuals 
into closer social interaction and thus allow them to have rich learning experiences 
(Yaşar, 1998). Such active learning environments play an important part in 
achieving meaningful and retentive learning since they allow students to improve 
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their problem-solving, creative thinking and critical thinking skills (Neo and Neo, 
2009). Therefore, it is crucially important to create learning environments based on 
the constructivist approach, which allows students to use and thus improve their 
higher order thinking skills and helps their active participation in learning process. 
Today, various methods and techniques including cooperative learning, 
project-base learning, concept cartoons, concept maps and mind maps formed on 
the basis of the constructivist approach, and research has been conducted on the 
different characteristics of such methods and techniques (Duru and Gürdal, 2002; 
Rao, 2004; Valadares, Fonseca and Soares, 2004; Amma, 2005; Trevino, 2005; 
Brinkmann, 2005; Balım, İnel and Evrekli, 2008; Evrekli, Balım and İnel, 2009; 
Hulubova, 2008; Seo, Templeton and Pellegrino, 2008). Problem-based learning is 
one of the methods that helps create learning environments based on the 
constructivist approach. 

The problem-based learning method has been described as a suitable method for 
constructivist approach since it allows students to associate their previous 
knowledge with newly acquired knowledge while working in cooperative groups to 
solve a daily life problem (Yenal, İra and Oflas, 2003; Tarhan and Acar, 2007; 
Tseng, Chiang and Hsu, 2008). Problem-based learning was developed in 
mid-1960s as an alternative method to the conventional approach and was first 
applied to the McMaster Medical Faculty in Canada (Bowdish et al., 2003; Loyens, 
Magda and Rikers, 2008). Problem-based learning has been employed since then in 
other fields including business, education, law, nursing and engineering (Chen, 
2008; Massa, 2008). Problem-based learning is a learning method that uses 
problems as a basis for students to improve their problem-solving skills and to 
obtain knowledge (Uden and Beaumont, 2005). In the problem-based learning 
method, which highlights the use of real problems from daily life as a stimulus for 
learning, students work on scenario-based problems in a small group of 5-12 
individuals (Berkel and Schmidt, 2000; Arts, Gijselaers and Segers, 2002). In 
problem-based learning environments, students learn new information while in the 
process of solving problems about daily life (Atan, Sulaiman and Idrus, 2005). For 
this reason, while conventional teaching uses problems to apply related concepts 
and principles at the end of the subjects in a unit, problem-based learning 
environments use problems as an instrument to improve students’ problem solving 
skills and to teach them new concepts (Maudsley, 1999; Neville and Britt, 2007). 
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In the conventional approach, students are seen as individuals who passively accept 
information; whereas, in problem-based learning environments where learning 
takes place through problems, students are regarded as individuals who can access 
information through research and who question information. Therefore, in 
problem-based learning, students assume greater responsibility for their own 
learning. Due to such transformation in students’ roles, teaching by knowledge 
transfer from the teacher is much less frequent in problem-based learning than in 
the conventional approach (Yip, 2002). That is why in problem-based learning 
environments, teachers’ roles also differ from those in the conventional approach. 
In such learning environments, teachers (guides) play a helper’s role by assisting 
students to learn by themselves. The guide should not transfer his/her knowledge 
about a subject to the students so that the student can acquire learning skills 
through self-management, but the teacher should try to reveal his/her existing 
knowledge by encouraging students in cognitive activities (Dolmans et al., 2005). 
Thus, students will not rely on their teachers to learn; instead, they will become 
independent learners throughout their lives (Sungur and Tekkaya, 2006). 

Recently, much research has been conducted on learning environments that use 
problem-based learning, a method that requires students to be responsible for their 
own learning and allow them to gain access to knowledge through investigation, 
inquiry, and criticism. In the light of such research, it could be argued that the 
problem-based learning method contributes to students in many ways. Most studies 
have concluded that problem-based learning has many positive effects. First of all, 
students improve their problem-solving skills in the process of problem-based 
learning as they resolve given problem cases by themselves (Murray-Harvery et al., 
2005). Arguably, acquisition of such skills will assist them in solving problems that 
they encounter throughout their lives. Thus, it could be possible to raise individuals 
who can resolve the problems they encounter through inquiry, research, and 
cooperation. Problem-based learning improves students’ communication and 
cooperative skills, along with their cognitive skills used in problem solving and 
thinking paths (Hämäläinen, 2004). Particularly in the learning process, it leads to 
the creation of knowledge through social communication by encouraging students 
to interact with their environment (Sungur and Tekkaya, 2006). Aiming to help 
students gain access to knowledge through group work, the problem-based learning 
method underlines the importance of cooperative learning and helps students 
improve their cooperative learning skills (Visshers-Pleijers et al., 2006). In this way, 
the process of problem-based learning not only encourages students to take 
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responsibility in their own learning, but it also serves to improve teamwork skills 
(Hughes and Lucas, 1997). 

Today, science and technology teaching has increased in importance since it 
positively contributes to the development of countries through innovation and 
discovery. Therefore, it is believed that the problem-based learning method will 
have positive effects for students in various aspects, for example, medical 
education (Alper, 2008; Raupach and diğerleri; 2010), nursing education (Lin and 
diğerleri, 2010), engineering education (Güzeliş, 2006; Awang and Ramly, 2008) 
and student teachers education (Dahlgren, Castensson and Dahlgren, 1998; 
Peterson and Treagust, 1998; Gürses and diğerleri, 2007; Park and Ertmer, 
2007)  vocational high school education (Arıcı and Kıdıman, 2007), primary 
school education (Sönmez and Lee, 2003; Araz and Sungur, 2007a; Araz and 
Sungur, 2007b).  Research has also shown it will have positive contributions on 
achieving effectively teaching science and technology. It is particularly believed 
that the problem-based learning method will be effective in improving students’ 
cognitive levels, or to put it in another way, their academic achievement and level 
of concept construction so that they can adapt to the changing and developing 
world. That is why the need arose to carry out the present study.  

Purpose and Significance of the Study 

Problem-based learning is usually defined as a learning method in which students 
are given ill-structured problems and they try to put forward meaningful solutions 
to these problems (Rhem, 1998). In problem-based learning environments, the 
process is initiated by giving students an event about daily life and they then work 
as scientists in the learning process and define the problem, identify the piece of 
knowledge they lack about the subject area, carry out research and propose 
solutions to the problem through discussion in group environment. Later, they test 
their ideas in different ways, such as experiments and observation. Thus, the 
method contributes to students’ learning and allows them to construct their 
knowledge by discussing it in individual and group environments. Although the 
problem-based learning method has long been used in faculties of medicine and in 
nursing education, its use in science education is quite new (Şenocak, Taşkesenligil 
and Sözbilir, 2007). Therefore, there is a need to conduct the present study in order 
to identify the effects of the problem-based learning method on elementary school 
students. The study aims to investigate the impact of the problem-based learning 
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method on elementary school students’ academic achievement and levels of 
concept construction used in science and technology teaching. 

Problem Statement of the Study  

Does the use of the problem-based learning method have any effect on students’ 
academic achievement and levels of concept construction in the unit of “Systems in 
Our Body” in an elementary-level science and technology course? 

Sub-problems of the Study 

1. Is there a significant difference between the posttest academic achievement 
scores of the students in the experimental group, which was taught using the 
problem-based learning method, and the students in the control group, who 
was taught only on the basis of the science and technology curriculum? 

2. Is there a significant difference between the posttest levels of concept 
construction of the students in the experimental group, who was taught by 
the problem-based learning method, and the students in the control group, 
who was taught only on the basis of the science and technology curriculum? 

Method 

The study employed a non-equivalent, pretest-posttest control group design, as an 
experimental research method (Christensen, 2004; Cohen, Manion and Morrison, 
2005). The sample group consisted of 41 seventh-grade students enrolled in an 
elementary school in Turkey. Table 1 is a symbolic representation of the study.  

Table 1. Symbolic representation of the study design  
T1= Open-Ended Questions to Determine the Levels of Concept Construction, 

T2= Academic Achievement Test on the Unit 

Groups Pretest Process Posttest 

Experimental 
Group 

T1, T2 

Science and Technology 
curriculum – Problem-based 

learning method 

T1, T2 

Control Group T1, T2 
Science and Technology 

curriculum 
T1, T2 
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The study formed two groups including the experimental and control groups, and 
during the four-week experimental application process, the experimental group was 
taught using the problem-based learning (PBL) method, while the control group 
was taught on the basis of the science and technology curriculum. The data 
collection instruments were administered to the students in both groups before and 
after the experimental application.  

Implementation of the PBL Method 

In this study, in a four-week quasi-experimental application, courses in an 
experimental group were taught using the PBL method and courses in a control 
group were taught using only the existing science and technology curriculum in 
Turkey. Both groups were taught by the same science instructor. In applying 
problem-based learning to the experimental group, a modular approach was used. 
The author designed modules and scenarios that were included in problems about 
the unit “Systems in Our body”. Four modules were used in the experimental 
application. A module consisted of three or four PBL sessions. In each module, real 
life problems were included in concepts about the digestive system, the excretory 
system, the nervous system and the endocrine system. The aim of the problems in 
the modules was to help the students learn concepts from the biology unit and to 
attract interest and attention to the lessons. The students were grouped into 4 
groups of 5 students each. Students worked together, shared ideas and discussed in 
order to solve problems throughout the problem-based learning process. During the 
PBL session, the tutor only guided students in searching for information about 
concepts in modules, discussing ideas and solving problems.  The academic 
achievement test on the "Systems in Our Body" unit and open-ended questions, 
used to determine the levels of concept construction, were administered to the 
students in both groups before and after the experimental application. 

Data Collection Instruments 

1. Academic Achievement Test on the Unit "Systems in Our Body" 

In the study, an academic achievement test on the unit "Systems in our Body" was 
developed to determine the cognitive levels of seventh-grade students about the 
subjects of the digestive system, the excretory system, the control and regulatory 
systems, which were all covered under the unit “Systems in our Body." Validity 
process was given priority when developing the academic achievement test. The 
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first aim was to achieve content validity in the validity process for the test. Thus, in 
test preparation, at least two questions were formulated for each acquisition 
included for the relevant subject in the science and technology curriculum, and the 
cognitive levels pertaining to the questions are shown in a table of specifications. 
At the end of this process, the first version of the academic achievement test of 48 
multiple choice questions was produced. This version of the test was submitted to 
two professors and two research fellows, who are experts in their respective fields, 
to obtain their opinions so that face validity and content validity could be 
ensured.  The experts were asked to present their opinions about the test items by 
marking them on the scales of “relevance to the scientific field,” “relevance to the 
acquisitions” and “relevance to the cognitive domain.” The options included 
“relevant” and “irrelevant.” Agreement values for the experts’ responses to the test 
questions were calculated using an agreement percentage. The expert agreement 
percentage for the test was determined to be 93% for the section on “relevance to 
the scientific field,” 87.5% for “relevance to the acquisitions,” and 85% for 
“relevance to the cognitive domain.”  Şencan (2005) argues that an agreement 
percentage over .70 represents a good level of agreement among experts. In 
addition, during the expert opinion stage for the test, necessary corrections were 
also made in line of expert opinions, seven questions were removed from the test as 
they were found irrelevant to the acquisitions, and two other questions that were 
relevant to the acquisitions were added. As a result, after necessary corrections 
were made, and certain irrelevant questions were removed from the test in line with 
expert opinions, the final version of the 43-item test was ready for the preliminary 
application. 370 seventh-grade students participated in the pilot administration of 
the test. An item analysis for the obtained data revealed item difficulty values for 
the test questions; items with a value between 0.351 and 0.765 were selected for the 
final version of the test. The test was found to have an average difficulty value of 
0.50. Given the value, the test could arguably have a moderate difficulty level. 
Apart from item difficulty, item discrimination index was also calculated in the 
process of item analysis. Items with item discrimination power below 0.30 were 
removed from the test. Thus, items with an item discrimination index over 0.40 
were included in the final version of the test without any changes, while items with 
item discrimination index between 0.30 and 0.40 were included after necessary 
corrections. At the end of the item analysis, the final version of the test consisted of 
34 multiple choice questions. Finally, the reliability process was implemented for 
the test questions and the KR-20 value was found to be 0.89. 
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2. Open-Ended Questions to Determine the Levels of Concept Construction  

Eleven open-ended questions were formulated about the "Systems in Our Body" 
unit in order to determine the students’ levels of concept construction and to make 
comparisons between the control and experimental groups. Opinions were sought 
from three experts in order to determine the content and face validity of the 
open-ended questions. The experts’ opinions were obtained using a scale that 
contains the sections of “relevance to the scientific field,” “relevance to the 
acquisitions,” and “relevance to the cognitive domain,” which were ranked as 
“relevant” and “irrelevant.” Then the experts were asked to state their corrections. 
The agreement percentage among the experts was determined to be 90% for the 
section of “relevance to the scientific field,” 85% for the “relevance to the 
acquisitions” section, and 85% for “relevance to the cognitive domain” section. 
Given these values, there is arguably a good level of agreement among the experts. 
Furthermore, in this process, several seventh-grade students were asked to read the 
open-ended questions prior to the experimental application, and necessary 
corrections were made when there was anything unclear about the questions. The 
data obtained from the open-ended questions given to the experimental and control 
groups in the study as pretest and posttest were analyzed by three experts, and each 
question was rated within a score range of 0-4. Given correctness levels of the 
students’ responses to these questions, responses to the open-ended questions were 
scored 4 for "fully correct," 3 for "partially correct," 2 for "slightly correct,"  1 for 
"less correct," and 0 for "no response or fully incorrect’ (Abraham, Williamson and 
Westbrook, 1994). The agreement among the total expert scores for each individual 
in the experiment and control groups was calculated by using intra-cluster 
correlation analysis. Şencan (2005) argues that intra-cluster correlation analysis is 
used to determine inter-expert agreement in data with continuous and normal 
distribution. Therefore, the data were first tested for fit to normal distribution and 
goodness of fit of the data obtained from the three experts to normal distribution 
was tested by Kolmogorov-Smirnov normal distribution test. The results of the 
analyses revealed a significance value above .05 and that the data had normal 
distribution. In the intra-cluster correlation analysis, expert agreement for the 
pretest was .86, while it was calculated as .95 for the posttest.  
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Results and Interpretation  

This part of the study investigates the effects of using problem-based learning in 
teaching science and discusses the data obtained for each sub-problem before and 
after the experimental application.  The results of the data interpretation analysis is 
also reported. 

Results and Interpretation concerning the First Sub-problem 

The first sub-problem of the study was: “Is there a significant difference between 
the posttest academic achievement scores of the students in the experiment group 
taught by the problem-based learning method and the students in the control groups 
taught only on the basis of the science and technology curriculum?” In order to 
resolve the problem, the pretest and posttest academic achievement scores of the 
students in the experimental and control groups were compared using the Mann 
Whitney U test, a non-parametric statistical technique. 

Table 2. Results of the Mann Whitney U Test to Compare the Groups’ Pretest 
Academic Achievement Scores 

GROUPS N 
Rank 

Average 
Sum of 
Ranks 

U Z p 

EXPERIMENTAL
GROUP 

20 20.53 410.50 200.50
0.253 

.801* 
CONTROL 

GROUP 
21 21.45 450.50 

 

 

* The difference is insignificant since p>.05. 

An examination of the findings in Table 2 reveals the results of Mann Whitney U 
test for the pretest academic achievement scores of the students in the experimental 
and control groups did not show any statistical difference (Z=0.253; p=.801>.05). 
The rank average of the pretest scores of the experimental group students was 
20.53, while the students in the control group had a pretest score rank average of 
21.45. The close rank averages of the groups’ pretest academic achievement scores 
indicate that before the experimental application, the experimental and control 
groups had somewhat equal pretest academic achievement levels.  
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Table 3. Results of the Mann Whitney U Test to Compare the Groups’ Posttest 
Academic Achievement Scores 

GROUPS N 
Rank 

Average 

Sum of 
Ranks 

U Z p 

EXPERIMENTAL 
GROUP 

20 25.55 511.00 119.00 2.382 

.017* 
CONTROL 

GROUP 
21 16.67 350.00 

 

 

* The difference is significant since p<.05. 

An examination of the findings in Table 3 shows that the results of the Mann 
Whitney U test applied to the posttest academic achievement scores of the students 
in the experimental and control groups revealed a statistically significant difference 
at the level of p<.05 (Z=2.382; p=.017<.05). The rank average of the posttest scores 
of the experimental group students was 25.55, while the students in the control 
group had a posttest score rank average of 16.67. The analyses had shown no 
significant difference between the rank averages of the groups’ pretest academic 
achievement scores; however, an examination of the rank averages of their posttest 
academic achievement scores demonstrates that the students in the experimental 
group had higher academic achievement than those in the control group.This result 
indicates that the experimental group students attained higher success after the 
experimental application when compared to their peers in the control group. 

Table 4. Results of the Wilcoxon Signed-Ranks Test to Compare the 
Pretest-Posttest Academic Achievement Scores of the Students in the Experimental 

Group 

Academic Achievement 
Posttest-Pretest 

N 
Rank 

Average 

Sum of 
Ranks 

Z p 

Negative Rank 1 1.50 1.50 
3.873 .000* 

Positive Rank 19 10.97 208.50 

Equal 0   

* The difference is highly significant since p<.001. 

As an examination of the findings in Table 4 shows there is a significant difference 
between the pretest and posttest academic achievement scores of the students in the 
experimental group (Z=3.873, p=.000<.001). The sum of their negative ranks for 
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the experimental group students’ academic achievement scores was found to be 
1.50, while their sum of positive ranks is 208.50. Given the sum of ranks for the 
difference scores, the observed difference is in favor of positive ranks, or in other 
words, the posttest scores of the experimental group. On the basis of the results 
obtained, it could be argued that the use of the problem-based learning method in 
the science and technology curriculum significantly increased the academic 
achievement levels of the experimental group students. 

Table 5. Results of the Wilcoxon Signed-Ranks Test to Compare the 
Pretest-Posttest Academic Achievement Scores of the Students in the Control 

Group 

Academic Achievement 
Posttest-Pretest 

N 
Rank 

Average 

Sum of 
Ranks 

Z p 

Negative Rank 2 1.50 3.00 
3.709 .000* 

Positive Rank 17 11.00 187.00 

Equal 2 - -     

* The difference is highly significant since p<.001. 

As will be revealed by an examination of the findings in Table 5, there is a 
significant difference between the pretest and posttest academic achievement scores 
of the students in the control group (Z=3.709, p=.000<.001). The sum of the 
negative ranks for the control group students’ academic achievement scores was 
found to be 3.00, while their sum of positive ranks is 187.00. Given the sum of 
ranks for the difference scores as a result of the analyses, the observed difference is 
in favor of positive ranks, or in other words, the posttest scores of the control group. 
On the basis of the results obtained, it could be argued that the science and 
technology curriculum significantly increased the academic achievement levels of 
the control group students.  

Results and Interpretation concerning the Second Sub-problem 

The second sub-problem of the study was formulated as follows: “Is there a 
significant difference between the posttest ‘construction levels of the concepts 
regarding the subject’ of the students in the experimental group taught by the 
problem-based learning method and the students in the control groups taught only 
by the science and technology curriculum?” In order to resolve the problem, the 
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pretest and posttest concept construction levels of the students in the experimental 
and control groups were compared using Mann Whitney U test, a non-parametric 
statistical technique.  

Table 6. Results of the Mann Whitney U Test on the Pretest Concept Construction 
Levels of the Students in the Experimental and Control Groups  

GROUPS N 
Rank 

Average 

Sum of 
Ranks 

U Z p 

EXPERIMENTAL 
GROUP 

20 22.18 443.50 
  

186.50
  

0.614 
.539* 

CONTROL 
GROUP 

21 19.88 417.50   
  

* The difference is insignificant since p>.05. 

An examination of the findings in Table 6 reveals that the results of Mann Whitney 
U test, applied to compare the pretest average scores for concept construction levels 
of the students in the experimental and control groups, did not show any statistical 
difference (Z=0.614, p=.539>.05). The rank average of the pretest scores of the 
experimental group students was 22.18, while the students in the control group had 
a pretest score rank average of 19.88. The close rank averages of the groups’ 
pretest scores for concept construction levels indicate that before the experimental 
application, the experimental and control groups had somewhat equal construction 
levels of the concepts regarding the subject. 

Table 7.  Results of the Mann Whitney U Test on the Posttest Concept 
Construction Levels of the Students in the Experimental and Control Groups 

GROUPS N 
Rank 

Average 

Sum of 
Ranks 

U Z p 

EXPERIMENTAL 
GROUP 

20 26.63 532.50 97.50 2.935 
.003*

CONTROL GROUP 21 15.64 328.50  

* The difference is highly significant since p<.01. 

An examination of the findings in Table 7 shows that the results of Mann Whitney 
U test, applied to compare the posttest average scores for concept construction 
levels of the students in the experimental and control groups, revealed a statistically 
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significant difference (Z=2.935, p=.003<.05). The rank average of the posttest 
scores of the experimental group students was 26.63, while the students in the 
control group had a posttest score rank average of 15.64. As a result, there was no 
significant difference between the groups’ concept construction levels before the 
experimental application; however, an examination of the rank average of their 
posttest scores for concept construction levels demonstrates that the students in the 
experimental group had higher concept construction levels than those in the control 
group.  

Table 8. Results of the Wilcoxon Signed-Ranks Test on the Pretest-Posttest 
Concept Construction Levels of the Students in the Experimental Group  

Concept Construction  
Posttest-Pretest 

N 
Rank 

Average 

Sum of 
Ranks 

Z p 

Negative Rank 1 1.00 1.00 
3.883 .000* 

Positive Rank 19 11.00 209.00 

Equal 0   

* The difference is highly significant since p<.001. 

As revealed by the results in Table 8, there is a significant difference between the 
pretest and posttest scores of concept construction levels for the students in the 
experimental group (Z=3,883, p=.000<.001). For these experimental group students, 
the negative sum of ranks of the scores of concept construction levels was found to 
be 1.00, while the positive sum of ranks of their scores was 209.00. Given the sum 
of ranks for the difference scores, the observed difference is in favor of positive 
ranks, or in other words, the posttest scores of the experimental group. On the basis 
of the results obtained in the analyses, it could be argued that the use of the 
problem-based learning method in the science and technology curriculum 
significantly enhanced the concept construction levels of the experimental group 
students.  



 

Asia-Pacific Forum on Science Learning and Teaching, Volume 11, Issue 2, Article 1. p.15 (Dec., 2010)
Didem INEL and Ali Günay BALIM

The effects of using problem-based learning in science and technology teaching upon students' academic
achievement and levels of structuring concepts

 

 
Copyright (C) 2010 HKIEd APFSLT. Volume 11, Issue 2, Article 1 (Dec., 2010). All Rights Reserved. 

 

Table 9. Results of the Wilcoxon Signed-Ranks Test on the Pretest-Posttest 
Concept Construction Levels of the Students in the Control Group 

Concept Construction  
Posttest-Pretest 

N 
Rank 

Average 

Sum of 
Ranks 

Z p 

Negative Rank 3 2.67 8.00 
3.737 .000* 

Positive Rank 18 12.39 223.00 

Equal 0   

* The difference is highly significant since p<.001. 

As shown by the results in Table 9, there is a significant difference between the 
pretest and posttest scores of concept construction levels for the students in the 
control group at the level of p<.001  (Z=3.737; p=.000<.001). For the control 
group students, the negative sum of ranks of the scores of concept construction 
levels was found to be 8.00, while the positive sum of ranks of their scores was 
223.00. Given the sum of ranks for the difference scores, the observed difference is 
in favor of positive ranks, or in other words, the posttest scores of the control group. 
These results suggest that the science and technology curriculum significantly 
enhanced the concept construction levels of the control group students. 

Discussion and Conclusion 

Problem-based learning is defined as “learning as a result of a study process to 
comprehend or solve a problem” (Dabbah et al., 2000). In this process, students are 
in charge of their learning and gain access to knowledge through research and 
exchange of ideas with their peers. This study investigates the effect of using 
problem-based learning, a method that encourages students to be active in learning 
process, in science and technology teaching in elementary school seventh-grade 
students’ academic achievement and concept construction levels.   The current 
section discusses the results obtained using data analysis.  

Discussion and Conclusion Concerning the First Sub-problem  

While there was no significant difference between the groups’ mean academic 
achievement scores before the experimental application, a significant difference 
was found between the groups’ academic achievement after the application in favor 
of the experimental group. This result indicates that the experimental group 



 

Asia-Pacific Forum on Science Learning and Teaching, Volume 11, Issue 2, Article 1. p.16 (Dec., 2010)
Didem INEL and Ali Günay BALIM

The effects of using problem-based learning in science and technology teaching upon students' academic
achievement and levels of structuring concepts

 

 
Copyright (C) 2010 HKIEd APFSLT. Volume 11, Issue 2, Article 1 (Dec., 2010). All Rights Reserved. 

 

students attained higher success after the experimental application when compared 
to their peers in the control group. As a result, it can be argued that the use of the 
problem-based learning method in science and technology teaching is more 
effective in enhancing students’ academic achievement than simply using the 
science and technology curriculum. Certain studies have been found that confirm 
the present study’s results with regard to the sub-problem in question. A similar 
study by Sungur, Tekkaya and Geban (2006) investigated the impact of using the 
problem-based learning method in the human excretory system unit on tenth-grade 
students’ academic achievement. The study found a significant difference between 
the groups’ academic achievement in favor of the experimental group. In their 
study, Tarhan and Acar (2007) studied the effects of problem-based learning 
method upon eleventh-grade students’ academic success. This study also revealed a 
significant difference between the students’ academic success in favor of the 
experimental group. Gordon et al. (2001) stated that problem-based learning, which 
is a constructivist method, is a valuable instrument that can be used to enhance 
elementary school students’ success. Drawing upon the previous studies on the 
problem-based learning method, Chang (2001) noted in a study that if applied 
“well,” the problem-based learning method may have positive effects on students’ 
learning or improvement of their academic achievement. As a conclusion, as 
demonstrated by the studies in the literature, the problem-based learning method 
implemented at various stages positively affects students’ academic achievement. 
With the problem-based learning method, students rely on their previous 
knowledge to identify the problem given in a scenario, resolve it, and thus, learn 
new information by actively participating in the learning process. Within this 
process, students find the opportunity to discuss their knowledge in group 
environment and make up for the shortcomings in their existing knowledge through 
exchange of information in the group environment. Moreover, students identify 
their own learning fields in the learning process, conduct required research and 
propose different ideas to solve the problem. In summary, problem-based learning 
helps students learn by discussing their existing knowledge and the information 
they obtain in social group environments and by resolving a problem using 
higher-order thinking skills. Therefore, the problem-based learning method is 
results in positive development in students’ academic achievement.  
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Discussion and Conclusion Concerning the Second Sub-problem  

While there was no significant difference between the groups’ concept construction 
levels before the experimental application, a significant difference was found 
between the groups’ concept construction levels after the application in favor of the 
experimental group. This result indicates that the experimental group students 
improved their levels of constructing the concepts concerning the subject after the 
experimental application more than their peers in the control group. As a result, it 
can be argued that the use of the problem-based learning method in science 
teaching is more effective in enhancing students’ ability to learn the concepts in a 
biology unit by constructing them in their minds, rather than simply using the 
science and technology curriculum. One question that requires an answer is to what 
extent science teaching curricula allows students to gain access to science concepts 
(Kılıç and Sağlam, 2009). Thus, it is of crucial importance to determine the effect 
of the problem-based learning method upon conceptual development. A similar 
study concluding problem-based learning has positive effects on students’ 
conceptual development was carried out by Akınoğlu and Tandoğan (2007) with 
seventh-grade students. Studies have demonstrated that the problem-based learning 
method positively influences students’ conceptual development and keeps 
misconceptions at a low level. The present study revealed that problem-based 
learning positively affects concept learning. This positive change is arguably 
caused by the active role played by students in the process of problem-based 
learning from problem identification to solving the problem and also by the 
opportunities they found in group environments to construct their knowledge. In 
sum, students identify the information they lack during the problem-based learning 
process, make up for these shortcomings in their knowledge about a subject, share 
information in group environment, and thus, have the opportunity to construct their 
knowledge in social and cognitive terms. Therefore, given these aspects of the 
problem-based learning method, it is believed to be more effective on students’ 
levels of constructing the concepts about a biology unit. This result demonstrates 
that the problem-based learning method enhances students’ levels of constructing 
the concepts about a biology unit in the process of an experimental application. 
Thus, it could be argued that using the problem-based learning method in learning 
process positively contributes to students’ learning by constructing the concepts 
about a biology unit in their minds. As a result of the interpretation of the data 
obtained from the research, the following recommendations are noted.  
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• The study examined certain effects of using problem-based learning on 
seventh grade students in an elementary school in the unit on "the Systems 
in our Body." Given that the study dealt with a unit in biology, it is believed 
that further research is needed about the feasibility of the problem-based 
learning method in units concerning different disciplines in the science and 
technology course.  

• It is argued that the problem-based learning method can be used to ensure 
better construction in students' minds for the concepts in science and 
technology course.  

• It is believed that pre-service science teachers should be provided with the 
knowledge and skills concerning the characteristics of the problem-based 
learning method and its use in science teaching.  
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