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ABSTRACT

The aim of the study was to investigate effect of problem solving method on science-process skills
and academic achievement. The sample of the research is consisted of 86 3rd class teacher candidates
who attended science teaching programme of Gazi Education Faculty. In this study quasi-
experimental design which was pre-test/post-test control group was implemented. While experimental
group (41 students) was taught problem solving method, control group (45 students) was taught
traditional teaching methods in this study. Science process skills test and electric unit achievement test
were administered to both groups before and after the instruction as a pre and post test. Results of
study reveal that there is no significant difference between experimental and control groups students’
pre science process skills and pre achievement test scores. Another result of study displays that
experimental group students have higher mean scores than control group students in post science
process skills and post achievement test.
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INTRODUCTION

Nowadays, the rapid changes in science and technology have affected the education
systems. Individuals, who comprehend these developments and changes and notice their own
tasks, are needed in the continuous changing world (Sasan, 2002). At the moment, individuals
have hoped to produce the knowledge besides finding the existent knowledge. As a result of
these rapid changes, the education systems need to be modified in such a way that they can
enable the students to learn the ways to reach the knowledge, to improve the skills of
decision-making and to solve problems. The new comprehension that aims to making a
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contribution to this change process should be structured in line with the purpose of an
approach that supports and improves the individual’s active involvement in life.

In addition, individuals have already made the correct decision and solved the problems
by taking into account the value that the knowledge bears and the experiences (Yasar, 1998;
Erbil, et al., 2004).

So, the basic goal of our science education system is bringing in skills to get
information instead of transferring to literal at the present day in the information age. One of
the widest purposes of science education reformation is to train up students who are interested
in science actively (Lorsbach & Tobin, 1992). In addition, this system aims to increase
students’ academic achievement. This situation is possible for the upper- level mental skills
and science process skills. The other possibility of this situation provides that understanding
by learning rather than memorization, solving problem which is related to new situation and
some skills which are related to the scientific method (Kaptan, 1999). Developing and
enhancing ability of problem-solving and science-process skills of students have long been
important objectives of science education (NRC, 1996).

In science courses, instead of giving ready prepared information, teaching students to
learn how to learn, make comments, getting them to understand and apply the information are
needed. Furthermore, making them gain skills of problem solving and behaviors and helping
them to gain a habit of scientific thinking should be taught. Therefore, it is needed to improve
students’ skills of problem solving (Altungekig, Yaman & Koray, 2005).

Students encounter a lot of problems in their lives and they try to find particular ways
to solve these problems. Problem is the condition of the effort spent on gaining some tasks
and needing various equipments in gaining these tasks. Problem solving is an activity which
needs not only information of the subject field but also using appropriate methods. Problem
solving, interest, being curious and willing are the basic elements that simplify learning. They
provide developing students’ ability to use the theoretical information in daily life and solving
the problems they face, guiding them for studies, and increasing their interest (Saribiyik,
Altunceki¢c & Yaman, 2004).

So, it is important for students to be prepared for the future by facing real problems in
their learning environment and producing appropriate solutions to these problems (AAAS,
1993; Gallagher, 1997; Walker & Lofton, 2003; Chin & Chia, 2004). Therefore, appropriate
methods must be chosen to realize this situation in the learning environment. One of these
methods is problem solving method.

Problem solving method is a learning model which centers on student, develops active
learning, skills of problem-solving and field knowledge, and it is based on understanding and
problem solving (Major et al., 2000; Malinowski & Johnson, 2001).

Problem solving method includes process of scientific thought. Problem solving method
shows thought in advanced level when this method is described as a scientific process in terms
of finding, inquiry, critical thought (Kemertas, 2001). Ability of problem-solving is generally
viewed as the ability to reason analytically, to think critically and to create productively,
which all involves quantitative, communicative, manual and critical-response skills (AAAS,
1993).

In recent years, it can be seen that problem solving method is widely used in science
teaching. Problem solving method is the center of the science curriculum, which would affect
the whole curriculum. This method which provides the group working is student-centered.
Problem solving method makes a teacher a guide for regulatory problems as a stimulus for
learning, provides development of the student's problem-solving skills and new information to
learn self. In addition, this method is based on the real-life problems. So, it provides
information and to remember concepts more easily in the case of any problems encountered in
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the future. For example, some researchers argue for the value of learning process skills in
order to develop expertisation in problem solving (Ango, 2002).

Thus, using problem solving method should be beneficial for increasing students’
academic achievement and developing science process skills in our education system.

Science process skills are the thinking skills that we use to process information, to think
about solving problems, and formulate conclusions (Tan & Temiz, 2003). These skills are the
skills which individuals in the society must have to be a scientifically literate. In addition,
creative thinking and science process skills are very important for the individuals in
recognizing and solving the existent problems in their daily lives (Aktamis & Ergin, 2007).
Science process skills consist of both basic science process skills and integrated science
process skills. There are 12 skills outlined in the syllabus such as measurement, namely
observation, classification and using numbers, time and spatial relationships, making
inference, prediction, controlling variables, communication, interpreting data, defining
operationally, formulating hypotheses and experimentation. The first seven skills are named
as basic science process skills, while the last five skills are named as integrated science
process skills (M.S.R., 2004).

There are many process skills included in the conduct of the scientific research. So, it is
not appropriate to teach all process skills at once or to teach all of them at all age levels of
students. The concept of the science curriculum provides an appropriate guide for the teaching
and studying of process skills (Ango, 2002).

Developing and enhancing science process skills and ability of problem solving of
students have long been important objectives of education system (AAAS, 1993). Experiences
for school students in their guided study of science should include experiences which promote
process skills, such as observing, measuring, classifying and predicting. These skills are
critical for the development of a worthwhile and fruitful understanding by students of
scientific concepts and propositions. These experiences are critical for achieving to expertise
in the meaningful using of scientific procedures for problem solving and for applying
scientific understanding to one’s own life (Ango, 2002).

In this process the teacher is the major impediment for the process of developing
scientific skills. Because of necessity, teachers play a crucial role in assisting students to
acquire scientific process skills. There is a prima facie case that teachers need to acquire the
skills of science in order to be in a position to foster the same understanding of those skills in
their students. Appropriate selections of science process skills can be taught and studied in the
early years of primary school. The young students can be given the opportunity to observe,
handle things and explore the environment (Ango, 2002).

The importance of the role of process and problem solving skills in the teaching and
studying of science is widely acknowledged by experts in the field. So, we think that method
of problem solving should be effective for increasing individual’s success and developing
science process skills.

The basic purpose of this study is to investigate the effect of problem solving method on
science process skills and academic achievement.

METHODOLOGY
a) Research Design and Participants

Designs which aim to determine causal connection between the variables are
experimental design (Biiyiikoztiirk, 2001). In this study a quasi-experimental design was
implemented to a pre-test/post-test control group Quasi-experimental designs do not include
the usage of random assignment (Fraenkel & Wallen, 2003). In this study, while experimental
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group was taught problem solving method, control group was taught traditional teaching
methods (Table 1).

The participants consisted of 86 students (41 students in the experimental group, 45
students in the control group). The groups received science instruction for the same length of
time as they were taught by the same researchers.

Throughout the 8 weeks, while the electric unit subjects were taught to the students in
the experimental group by using unit problems and experiments, the students in the
controlling group were taught through the methods such as the direct telling and asking-
answering (traditional teaching methods).

Before the application, an explanation covering the instruction method was given to
participants. The first applied method was the problem solving. The method, a proven
successful strategy in teaching students to solve electric unit’ problems, includes the following
five steps:

1. Read what problems are given,

2. Write what problems are given,

3. Write what is being asked

4. Plan to solve the problems

5. Solve the problems.

In the application of this method, the teacher gave information about problem solving by
using the first lesson. Students were required to read the problems and then solve the given
electric unit” problems by using this method. At the last lesson, the solutions of the problems
were discussed together. Researchers gave the problem for example below.

Problem:

AB
I, Re=7Q

V=12V

What are the 1y, Iy, I3, l4, 15, lg current values in the many loop electric circuit figures?

Then, students read the problem. And they wrote the problem in their own notebook.
Then, students noticed that what is asked in the problem. At last, students planned to solve
problem and solved the problem in their own notebook.

In the control group, students were taught the methods of the direct telling and asking-
answering. Because of the time spent with explanations of the methods and solution of the
sample problems in the experimental group, to equalize the duration of the lessons, additional
problems were given to the control group. Given problems which are related to the electric
unit” subjects being taught in the class were chosen by researchers. When teaching the electric
unit’ subjects, researchers used only the direct telling and asking-answering methods of
problem solving.
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Science process skills test and electric unit achievement test were administered to both
groups before the instruction as a pre-test. Both groups studied the same science content over
an 8 week period. The instruments were administered to both groups after the instruction as a
post-test.

Table 1. Experimental design of research

Groups Pre- Tests Teaching Method  Post-Tests

Science Process Skills, Science Process Skills,

Achievement Achievement

Science Process Skills, .. Science Process Skills,
. Traditional .

Achievement Achievement

Experiment Problem Solving

Control

b) Sample

The sample of the research is consisted of 86 3" class candidate teachers who attended
Gazi Education Faculty of Science Teaching Programme on the first term of 2007—-2008
education years.

c) Population

The population of the study is consisted of candidate teachers who attended Gazi
University Gazi Education Faculty on the first term of 2007—2008 education years.

d) Instruments

In this study the following instruments were used to gather data:

1. Science Process Skills Test: Science process skills test consisting 30 multiple-choice
items. In the positive statements, the articles marked as true were given 1 point and the false
ones were given 0 point. This scale was prepared by researchers and it was developed
according to steps of the science process skills in science education. In order to check the
reliability coefficient of the test it was administered to 107 teacher candidates in Gazi
University. KR—20 was used for analyzes of reliability and the reliability value of the test was
found as KR-20 = .76. For the validity of the test, the opinions of experts were taken. In
addition, analyze of factor was made for validity of the structure.

2. Electric Unit Achievement Test: Electric unit achievement test’s purpose was to
measure students’ achievement levels and pre-knowledge. For many years, Bloom’s
taxonomy of educational objectives has received wide recognition, and it has been used in
many science fields. Bloom identified three major domains of intended learning outcomes: the
cognitive domain of knowledge, the affective domain or attitudes and the psychomotor
domain of manipulative skills. These categories provide the suitable test for realizing the
study’s aim.

Achievement test was prepared for learning steps of cognitive domain. In this study
achievement test was prepared by researchers and test is consisted of 25 questions. Some
sample items of electric unit achievement test were given in the below of this paper.

In order to check the reliability coefficient of the test it was administered to 107
candidate teachers in Gazi University. KR-20 was used for analyzes of reliability and the
reliability value of the test was found as KR—20 = .80. In addition, ITEMAN programme was
implemented. Questions’ difficulty degree was found as (pj) =.487 and means item
discrimination index as (rjx) = .476. The opinion of an expert was sought for extent validity.
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Distribution of achievement test questions was given in table 2 according to steps of
cognitive domain.

Table 2. Distribution of steps of cognitive domain according to questions

Steps of cognitive domain Number of question
Knowledge 2,3,16,20
Comprehension 1,5,7,10,14,21
Application 8,11,15,22

Analysis 4,12,23,18

Synthesis 9,13,17,24
Evaluation 6,25,19

e) Analyze of Data

SPSS programme was used in the statistical analysis of data. Independent sample test
was used to compare data which was collected from the study. In order to prove homogeneity
of each group, dependent variables were compared before treatment by using independent
sample t-test as well as post test results of experimental and control group was compared with
independent sample t-test. Results of data were assessment as .05 of the significance level.

FINDINGS

Findings which are obtained from analyzes were given in tables.

Table 3. Independent sample t-test results of pre test science process skills scores

Group N M S.D. t P
Experiment 41 74,20 4,256
Control 45 72,98 4,037 1,361 177

As it can be seen in table 3, there is no significant difference between experimental (M=
74,20) and control group (M= 72,98) students’ scores of pre-science process skills test (p>
.05,t=1,361).

Table 4. Independent sample t-test results of pre test achievement scores

Group N M SD. n b
Experiment 41 69,00 5979
Control 45 67,49 5137 1260 211

Data presented in table 4 shows that the mean of pre test achievement scores of students
is M = 69,00 in experimental group. Control group students mean score is M = 67,49. As it
can be seen from the table 4, there is no significant difference between experimental and
control group students’ pre test achievement scores (p> .05, t = 1,260).

Table 5. Independent sample t-test results of post test science process skills scores

Group N M S.D. t P
Experiment 41 80,12 3,565
Control 45 75,53 6,185 4,161 000
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As it can be seen in table 5, there is significant difference between experimental (M=
80,12) and control group (M= 75,53) students’ post science process skills test scores (p< .05, t
=4,161).

Table 6. Independent sample t-test results of post test achievement scores

Group N M S.D. t P
Experiment 41 78,29 4,627
Control 45 7389 5718 902 000

Data presented in table 6 shows that the mean of post test scores of students is M = 78,
29 in experimental group. Control group students mean score is M = 73, 89. As it can be seen
from the table 6, there is significant difference between experimental and control group
students’ post achievement test scores (p< .05, t = 3, 902).
DISCUSSION and CONCLUSION

In this study in which the effects of the application of the problem solving method in the
unit of “Electric” in 3" class teacher candidates’ academic achievement and changes of
science process skills were examined and following results were obtained.

Statistical results reveal that there is no significant difference among experimental and
control groups’ scores of pre science process skills tests (Table 3). Also, there is no significant
difference between experimental and control group pre achievement test scores (Table 4).
These situations are compatible with the purpose of determining the effectiveness of
instructional method that is used.

As a result of this study, there is a significant difference in scores of post science
process skills test between experimental and control group students (Table V). Because
problem solving method makes students obtain some skills like research, discovery, scientific
thinking. In addition, this method teaches gathering data, shows ways of solution for
problems, improves analyzes of data and provides anticipation of research and experiments
results (Lee et al., 2000; Kalayci, 2001; Aksoy, 2002).

It is observed in the studies about the subject that problem-solving methods developed
students’ scientific process skills (Ag¢ikyildiz, 2004; Tavukcu, 2006). Teaching methods used
in the study of many students has been seen to be effective on the scientific process skills in
many domestic and abroad studies (Owens, 1997; Turpin, 2000; Krystyniak, 2001; DiSimoni,
2002; Huziak, 2003; Ozdemir, 2004; Bozkurt, 2005; Tatar, 2006, Kanl1, 2007). In studies, the
method which is running emerged that individuals within the environment realize the
problems to identify, resolve and ensure that the individuals in this process have scientific
process skills (Aktamis & Ergin, 2007).

The final result of study there is a significant difference in scores of the post
achievement test between experimental and control group students (Table VI). There is an
increase in both experimental and control groups students in the scores of the post test
achievement after treatment. This result proves that both problem solving and traditional
teaching methods have positive effect on students’ achievement. But problem solving method
is more effective than traditional teaching methods. This situation may have been appeared
that problem solving method is student centered and develops student’s self-reliance,
cognitive learning and scientific learning (Saban, 2000; Aksoy, 2002).

Many studies from Turkey and abroad were investigated and it was found that results of
these studies show parallelism with results of our study (Chang, 2001a; 2001b; Kan, 2003;
Senocak, 2005).
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Problem-solving method used in mathematics courses for the success of primary school
students and its impact on attitudes toward mathematics were examined by Yildizlar (1998).
In the study, while problem-solving method was used in experimental group, traditional
teaching methods were used in the control group. According to the findings of the research
results, students of the experimental group success and attitudes toward mathematics
increased significantly.

Methods of teaching and methods to manage the relationship between mastery were
examined (Nietfeld & Schraw, 2002). Students were divided into two in experimental and
control groups. Problem-solving method was used for the students in the experimental group.
The head of research and eventually the test which includes mathematical probability
problems was applied to students as a pre-test and post-test. After a week at the end of the
application permanence test was applied to both of the groups. At the conclusion of the study,
the significant differences were found between the permanence tests and experimental and
control group students’ post-test mean scores. Experimental group students who were applied
problem solving methods have test scores higher than the other group.

Straight narrative and problem solving methods were examined for the effects of
persistence and the level of access for students by Kaptan, Aslan and Atmaca (2002). Model
which has not been synchronized with the control group constitutes the experimental research
design. "The atmosphere at the Natural Exposure” issue; while experimental group was
processed by the problem-solving method, control group was processed by using the method
of straight narrative. Courses were conducted by researchers. At the end of research, a
significant difference between the two groups has not been found in the aspect of the level of
access.

The seventh grade students in elementary social studies course "17 and 18 Century
Ottoman Empire "and" 19 and 20th Century Ottoman Empire™ units using the method of
problem solving for the effect of student achievement was investigated by Kan (2003). In the
research, in the total 86 students as 42 of them in the control and 44 of them in the
experimental group attended and multiple-choice test of 40 questions were used. Pre test-post
test research design was used and at the end of the research, a significant difference was found
between scores of the experimental and control group students’ post-test.

In the light of the findings, the researcher determined that the problem solving method is
more influential than the traditional teaching approach.

In the classrooms where problem solving method is used, learners take much more
responsibility for their own learning; they have become independent learners who can
continue to learn in their whole lifetime. This method turns the student from passive recipient
of information to the active one, free self learner and problem solver and it slides the emphasis
of educational programmes from teaching to learning (Cuhadaroglu et. al., 2003).

When the aims of science education are examined, it is also seen that the problem
solving method is appropriate for realization of science education aims (Tobin, 1986; AAAS,
1993). And many science educators considering this method have increasingly started to apply
this method in science education (Treagust & Peterson, 1998; Gallagher et al., 1999;
Greenwald, 2000; Yuzhi, 2003; Senocak, 2005; Kilig, 2006).

The basic learning which pupils achieve from these initial experiences can be used as a
basis for building a more extensive understanding of science process and problem solving
skills in the later education life. So, this research has a critically importance in terms of
science education related to science process skills, achievement and problem solving method.
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Appendix 1
Sample Items of Science Process Skills Test

3. A group of students thought to connect five lambs parallel to each other. If you think

the parallel circuit connected to the first lamp fails, this situation how affects the
brightness of the other lamps in the electric circuit?

A. Increases the brightness of the other lamps

B. Decrease the brightness of the other lamps

C. Does not change the brightness of the other lamps

D. Lamp which is closest to broken lamp brighter lights

E. Lamp which is closest to broken lamp turn

9. A farmer has a 100 acre farm. Farmer wants to grow wheat with maximum efficiency

13.

27.

in this field. Sizce bu ¢iftgi daha verimli hasat elde edebilmek i¢in asagidaki yollardan
hangisini izlemelidir? Which way must be chosen to grow more efficient harvesting
by the farmer?

A. Farmer should use more wheat germ

B. Farmer should be prefer quality wheat seed

C. Farmer must use greater amounts of chemical fertilizers

D. Farmer should use more than the required amount of water

E. Farmer should expand the planting area

Ali, Cagla, Damla and Murat have competition which is named whose lamb will be
more brightness. For this purpose, the necessary materials were investigated. 4
separate cups were used. Ali added pure water to first cup. Cagla added dilute HCI
solution to second cup. Damla added dilute NaOH solution to third cup. Finally added
Murat added saline water fourth cup. Then they have established consisting of the
circuit with conductor cables, electrodes, batteries and switches. Electrodes of
prepared circuit were immersed respectively pure water, acid solution, base solution,
and saline solution by them. Then they switched off. In this case, whose lamb does not
burn?

A. Ali’s lamb

B. Cagla’s lamb

C. Murat’s lamb

D. Damla’s lamb

E. None of the lamb does not burn

Ceren wanted to make cakes for the guests. Ceren put required materiels for cake in a
suitable cap and she clap this material. Then she basted cake mold and she pour dough
to cake mold. She set oven temperature to required degree. Then she put cake to oven.
What should Ceren make in order to cook cake well?

A. Ceren should heat oven- a period of time before she put cake to oven

B. Ceren should open cover of the oven time and time again during the cooking
C. Ceren should increase temperature degree of the oven

D. Ceren should use more flour to make cake dough

E. Ceren should add baking powder to dough



17.

23.
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Appendix 2
Sample Items of Electric Unit Achievement Test

7. X sphere which is shown in the figure is positive

electrically charged. This sphere is closing up to A- B
bar which is neutral and conductive. In this time, How
is electric charge distribution of A-B points of sphere
d bar?
and bar + |+ N B
X A B 4 4 | |

A+ - +
B. neutral + -
C. + neutral +
D - + -
E + - neutral

The following three circuits are installed with identical generators. How is compare of
brightness of identical X — Y- Z lamb?

s g 2R

— |

moomp
< X X X<
Vv I 1 v v
N < N N X
V 11 VV v
XN=<<N

An electrically powered car's total energy of the 2.10° J are provided by a 12 volt
battery. What happens given the engine's current, if the car's electric motor power
draws 8 kw?

A. 584 A B. 6,66 A C. 66600 A D.584 A E.326 A



