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Abstract 

Problem statement: For individual and social life to be in line with the 

information age, the individual should have such characteristics as being 

able to access information, maintain a scientific point of view on events, 

and being able to analyse and evaluate events. This can only be achieved 

by teaching students about the skills involved in the scientific process 

skills. The research pointed out that teachers, who are expected to teach 

science process skills, often have inadequate science process skills 

themselves. This study aims to provide insight into student teachers

and the factors affecting these skills.  

Purpose of Study: 

science process skills (SPS) and to investigate how and why these skills 

change across academic program and gender.  

Methods: This s -year university 

students who were in biology, chemistry, general science and physics 

education programs in a state university in Izmir in Turkey, by using the 

relational survey method to explore relationships among the variables in 

the study. The research instruments of the study were Personal 

Information Form (PIF), Science Process Skills Scale (SPSS) and Science 

Process Skills Questionnaire Form (SPSQF). The SPSS was a scale of 20 
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items with a KR-20 of 0.67. The SPSQF consisted of four open-ended 

questions dealing with the extent to which science process skills are part 

of classroom and laboratory activities. The quantitative data from the SPSS 

was analysed through t-tests, ANOVA and Scheffe tests. A five-level 

grading scale, which was based on the maximum score from the SPSS, was 

used in determining the average SPS level of students in various 

programs.  

Findings and Results: According to the five-level grading of the SPSS, the 

physics education program obtained the highest score. The analyses of 

ANOVA indicated that there was a significant difference among the 

data from the SPSQF showed that classes in the physics program had the 

highest number of classroom and laboratory activities that introduced 

science process skills. There was no statistically significant gender 

difference in science process skills (p > 0.05), but the mean skill level of 

girls was slightly higher than that of the boys.  

Conclusions and Recommendations: This study found that the levels of the 

,

that there were statistically significant differences by program. It is 

believed that the source of this difference is the number of activities 

aiming at science process skills that each program implements. In the 

study, we did not find any statistically significant difference by gender.  

In order to raise individuals who have adequate science process skills, we 

need to create an environment where students can actively participate in 

learning process. Therefore, in science teaching, students should be 

encouraged to implement science process skills in the classroom and to 

construct scientific knowledge through their own scientific investigations.  

Keywords: Science process skills, student teachers, curriculum, teacher 

education 

 

Rapid developments in science and technology have resulted in fundamental 

changes in individual and social life, by affecting the needs and priorities of 

individual and society. Now, individuals have to have a variety of skills in order to 

adapt to complicated daily life th and 21st 

centuries are known, it has become increasingly important to have a proactive 

attitude towards the acquisition, analysis and synthesis of knowledge, in order to 

navigate the array of technology and vast amount of information that surrounds us.   

In order to  science process skills, we need to create a learning 

environment in which individuals actively participate in the learning process. 

and states that individual should be an active participant of the learning process if 

we want her/him to have effective communication skills, to be creative, to be able to 
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solve complex problems, and to think effectively. Therefore, in science education by 

inquiry, students should be encouraged to use science processes and reach 

conclusions through their scientific investigations. When students make a scientific 

investigation, not only they should generate scientific knowledge, but they should 

also develop skills to think scientifically and generate knowledge by using scientific 

-  

Science process skills are fundamental skills that make science learning easier, 

develop understanding of research methods, make students active, help 

them develop a sense of responsibility for their learning, and improve their efficiency 

in learning 

process skills as the most powerful tools we have to produce and organise the 

knowledge about our world (cited i

science process skills are thinking skills we use in producing knowledge, thinking 

(2004), science process skills are fundamental skills which facilitate learning in 

science, develop an understanding of research methods in students, make sure that 

students are active participants in learning process, develop a sense of responsibility 

in their learning, and improve efficiency in learning.  

Science process skills in science education have been defined and investigated by 

many researchers. Brotherton and Preece (1995) divided these abilities used in 

scientific investigations into two process skills; basic and integrated. The main basic 

process skills are observation, measurement, classification, prediction and inference. 

The integrated process skills, which are more advanced cognitive and psychomotor 

abilities, include formulating hypotheses, controlling variables, defining 

operationally, experimenting, and modeling. - A process 

Approach  

-1974, science process skills were 

divided into two groups: basic science process skills and integrated science process 

skills (McCain, 2005).  

Science process skills can be classified as basic processes (i.e., observation, 

measurement, classification, data recording, and number and space relationships), 

casual processes (i.e., prediction, identifying variables, interpreting data and 

inferring), and experimental processes (i.e., hypothesis development, using 

data/formulating model, making experiment, manipulating and controlling 

variables, decision- . According to 

Saat (2004), science process skills can be classified as either basic science process 

skills or advanced science process skills. In addition to these classifications, it was 

 are actually the 

skills that everybody uses (see, for example, Millar, 1994; Millar & Driver, 1987; 

Tolmann & Hardy, 1999). Millar (1994) claims that science process skills are cognitive 

skills used for a lifetime, even by people without any formal education.  

Although various researchers classify science process skills in different ways, the 

definitions of these skills themselves are not different. Science process skills have a 
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hierarchical structure, but this structure is not a rigid one. Despite this difference, we 

cannot dismiss 

process skills constitute the basis of be

2006; p: 29). Furthermore, science process skills include the skills which can be used 

by each individual at every level of everyday life to be scientifically literate, and to 

improve her/his quality of life through understanding the nature of science (Harlen, 

1999).  

There are many studies investigating the level of science process skills and their 

relationships with different variables. In a study with 96 third year prospective 

04) examined 

understanding of the identification and control of variables, and explored the 

efficiency of inquiry-based learning to teach science process skills. He administered 

four inquiry-based activities to a group of student

process skills improved after completing these activities.  

In a study with ninth- and tenth-year biology students, Germann (1994) 

investigated the relationships between science process skills and parents' education, 

preferred language, gender, science attitude, cognitive development, academic 

ability, and biology knowledge. It was found that while academic ability, biology 

knowledge and preferred language had direct effects on science process skills 

achievement, the factors of cognitive development, parents' education, science 

attitude had indirect effects on science process skills achievement. Padilla, Okey and 

Dillashaw (1983) explored the relationship between advanced process skills and 

tific thinking abilities. They found that there was a 

statistically significant relationship between scientific thinking abilities and advanced 

process skills.  

 

Ergin (2007) looked at the gender and school year differences in science process skills 

and the relationship between academic performance and science process skills. It was 

found that there was a statistically significant difference between science process 

skills and school year, and that academic performance was positively related to 

investigated the relationships between science process skills of prospective science 

teachers, and gender and academic performance. They reported a gender difference 

in science process skills, and positively related these skills to academic performance.  

Beaumont-Walters and Soyibo (2001) investigated Jamaican high school students' 

level of performance on five integrated science process skills, and studied whether 

there were statistically significant differences in their performance that could be 

linked to their gender, grade level, school location, school type, student type and 

socio-economic background (SEB). They found statistically significant differences in 

There was a positive, statistically significant and fairly strong relationship between 

their performance and school type, but weak relationships among their student type, 

grade level and SEB and performance. 

effects of the 7E learning cycle and deductive laboratory approaches on first-year 
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study focused on the skills of defining variables, defining operations, hypothesis 

development and identification, interpreting graphics/data, and research design. 

They found that the 7E learning cycle and deductive laboratory approaches were 

effective in developing science process skills. Gender differences in science process 

skills were investigated among ninth-year students (Temiz, 2001), high school 

students (Beaumont-Walters & Soyibo, 2001), and primary school students (Arslan, 

1995). While some studies did not report gender differences in science process skills 

 2007), some reported a gender difference in 

difference in favour of boys (Arslan, 1995).  

In other studies, researchers looked at teacher  

-Nicosia, Sperandeo-Mineo & Valenza, 1984). 

Ewers (2001) investigated the effects of teacher-directed and learning cycle methods 

and teacher characteristics on students  science process skills. They found that 

teachers 

Aiello-Nicosia et. al. (1984) explored the relationship between the science process 

skills of 35 teachers (ages 29-42) and the academic success of 780 primary school 

students, and found a statistically significant positive relationship between them. The 

fact that there is an association between teacher possession and use of science process 

skills, and student academic success, raises the question of how to foster science 

process skills for prospective teachers in different teacher education programs. 

Therefore, this study aims to identify prospective science (biology, chemistry, 

the differences in these skills according to program and gender. In this way not only 

e of science process 

skills but we will also show the science process skill sub-categories in which they are 

inadequate, as well as the programs in which they are registered. We expect that this 

line of investigation will be useful for the program development studies in this field. 

 

Method 

This section will provide information about the population, sample and 

methodology of the study. The investigation has been carried out by the descriptive 

survey method. The relational survey method, which belongs to the family of the 

descriptive survey methods, was used to explore the relationships between the 

variables in the study (Karasar, 2007). 

Sample  

The population of the study consists of prospective biology, chemistry, physics 

and general science teachers at the Buca Educational Faculty (BEF) in the 

province in Turkey. The sample consisted of 150 prospective biology, chemistry, 

physics and general science teachers attending their last classes in the 2007-2008 
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academic year at the BEF,  Of the 150 student teachers in the 

sample, 81 (59.33% of the sample) were female, and 69 (40.67% of the sample) were 

male. Of the 150 student teachers, 23 (15.33% of the sample) were registered in 

biology education program, 13 (8.66% of the sample) were registered in the 

chemistry education program, 48 (32% of the sample) were registered in the physics 

education program, and 66 (44% of the sample) were registered in a general science 

education program.  

Research Instruments  

Quantitative and qualitative survey methods were selected as the investigation 

model to collect data. The data were collected through a Personal Information Form 

(PIF), Science Process Skills Scale (SPSS) and Science Process Skills Questionnaire 

Form (SPSQF). The PIF were used to collect gender and program information. The 

SPSS was a scale of 20 items with a KR-20 of 0.67, and measured the following skills: 

observation, developing a hypothesis, identifying variables, planning experiments, 

measurements, inferring, and interpreting a data-

The student teachers were given one point for each correct answer, so the maximum 

-

under- - - -16 

-20 points). The sub-categories were graded as shown in 

Table 1. The levels of the science process skills of the student teachers were 

determined by this grading scale.  

Table 1  

Grading Scale for the Sub-Categories 

Level 
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Not developed 0-0.19 0-0.6 0-0.3 0-0.7 0-0.3 0-0.6 0-0.9 

Under-developed 0.20-0.39 0.7-1.2 0.4-0.7 0.8-1.5 0.4-0.7 0.7-1.2 1.0-1.9 

Medium 0.40-0.59 1.3-1.8 0.8-1.1 1.6-2.3 0.8-1.1 1.3-1.8 2.0-2.9 

Good  0.60-0.79 1.9-2.4 1.2-1.5 2.4-3.1 1.2-1.5 1.9-2.4 3.0-3.9 

Very good 0.80-1.0 2.5-3.0 1.6-2.0 3.2-4.0 1.6-2.0 2.5-3.0 4.0-5.0 

Four open-ended questions in the SPSQF were used to collect information from 

two instructors and five student teachers about the classroom and laboratory 

activities used to introduce and develop science process skills.  

The statistical software package, SPSS 13.0, was used to analyse the quantitative 
data from the SPSS through the calculations of mean, standard deviation (SD), t-test, 
and ANOVA statistics. The quantitative data from the SPSQF were analysed by 
placing the responses in the main categories (see Table 5). The results from the 
analysis of the SPSQF were compared with the qualitative findings from the SPSQF, 
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and the differences in the overall results and the sub-categories of skills were 
interpreted and some suggestions were made.  

Findings 
The mean values of the SPSS items were presented in Table 2.  
Table 2 
Mean Values of the SPSS  

Sub-categories of SPS 
Number of 
questions 

Maximum 
score 

X  
(Mean) 

Observation  1 1 0.78 
Developing hypothesis 2 2 0.95 
Identifying variable  3 3 2.26 
Planning experiment 4 4 2.05 
Measurements 2 2 1.64 
Inferring  3 3 1.41 
Interpreting data-formulating 
model 

5 5 3.56 

Total 20 20 13.18 
 
Note: SPS is for science process skills 
The mean of the SPSS was 13.18 out of 20 (see Table 2). The grading scale 

developed indicates that the student teachers had a good level of science process 
skills. When we look at the sub-
in the skills of observation and identifying variables under-
of developing hypothesis planning experiment 
and inferring measurement and interpreting data-
formulating model. Table 3 presents the mean values of the scores from the SPSS by 
program.  

The mean of the SPSS was 15.70 for the physics education students, 13.93 for the 
general science education students, 11.63 for the chemistry education students, and 
11.46 for the biology education students (see Table 3). These means suggest that the 
level of the 

the sub-categories, the level of the observation 
and general scie for the chemistry and biology 
education students. The level of the developing hypothesis 

under-
chemistry education students an
students. The level of the identifying variable 

students. The level of the planning experiment 

education students. The level of the measurement 

education students. The level of the inferring 
under-developed

biology education  
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Table 3  
Mean Values of the SPSS by Program 

Programs 
Physics 

education 
Chemistry 
education 

Biology 
education 

General 
science 

education 

N 
(The number of 
student teacher) 

48 13 23 66 

Observation  0.8 0.7 0.7 0.95 
Developing 
hypothesis 

1.29 0.76 0.52 0.89 

Identifying variable 1.45 0.93 1.16 1.48 
Planning 
experiment 

2.98 1.73 1.86 2.79 

Measurement 1.86 1.46 1.66 1.78 
Inferring  1.74 1.61 1.26 1.53 
Interpreting data-
formulating model 

4.52 3.0 2.13 3.76 

X  
(Mean of totals) 

15.70  
(SD: 2.71) 

11.63 
(SD: 2.56) 

11.46 
(SD: 2.51) 

13.93 
(SD: 2.71) 

Note: SD is for standard deviation  
students. The level of the interpreting data-formulating model 

y education students. Table 4 
presents the ANOVA analysis of the SPSS total scores by program.  

The analyses indicated that there was a statistically significant difference in 
science process skills among the student teachers, in favour of the physics education 
students. Through similar analyses, the analyses of the sub-categories indicated that 
a positive outcome existed at the level of observation in favour of the general science 
education program when compared to the physics education program, at the level of 
developing hypothesis in favour of the physics education program compared to the 
general science education program, at the level of identifying variable in favour of the 
physics education program when compared to the chemistry education program, 
and in favour of the general science education program compared to the biology and 
chemistry education programs, at the level of planning experiment in favour of the 
physics education program compared to the other programs, and at the level of 
interpreting data-formulating model in favour of the physics education program 
compared to the other programs. There was no statistically significant difference in 
the skills of measurement and inference. Table 5 presents the SPSQF data for 
introducing and teaching the SPS.  
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Table 4  
The ANOVA Analysis of the SPSS Total Scores by Program  

 
Source of 
variance 

Sum of 
squares 

SD 
Mean of 
squares 

F 
p 

(p<0,05) 

Meaningful 
difference 

(According 
to Scheffe 

test) 

Observation  

Between 
groups 

7.161 3 2.387 
4.793 .003 

Between P 
and GS In groups 72.712 146 .498 

Total 79.873 149  

Developing 
hypothesis 

Between 
groups 

10.452 3 3.484 
9.048 .000 

Between P 
and GS In groups 56.221 146 .385 

Total 66.673 149  

Identifying 
variable 

Between 
groups 

14.030 3 4.677 
6.740 .000 

Between P 
and C, GS 
and C, GS 
and B  

In groups 101.303 146 .694 
Total 115.333 149  

Planning 
experiment 

Between 
groups 

15.476 3 5.159 
7.099 .000 

Between P 
and C, B, 
GS  

In groups 106.097 146 .727 
Total 121.573 149  

Measurement 

Between 
groups 

.784 3 .261 
.771 .512  

In groups 49.489 146 .339 
Total 50.273 149  

Inferring  

Between 
groups 

2.278 3 .759 

1.786 .152  In groups 62.095 146 .425 

Total 64.373 149  

Interpreting 
data 
formulating 
model  

Between 
groups 

95.933 3 31.978 
28.638 .000 

Between P 
and C, B, 
GS  

In groups 163.027 146 1.117 
Total 258.960 149  

Total 

Between 
groups 

354.776 3 118.259 

16.561 0.000 

Between P 
and GS, C, 
B  
Between 
GS and C, 
B  

In groups 1042.557 146 7.141 

Total 1397.333 149  

Note: P is for physics education students, C for chemistry education students, B 
for biology education students, and GS for general science education students  
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Table 5  
The data from the Science Process Skills Questionnaire Form 

Program 

Classroom and 
laboratory 
activities for 
introducing the 
SPS  

 

Classroom 
activities for 
teaching the SPS  

 

Laboratory 
activities for 
teaching the 
SPS  

 

Laboratory 
evaluation 
activities for 
teaching the 
SPS  

Physics 
education 

Direct courses: 
Special 
Education 
Methods I-II 
Indirect courses: 
Practice 
Teaching, School 
Experience I-II, 
Instructional 
Technology and 
Material 
Development, 
Analysis of 
Secondary 
Education 
Textbooks 

Applying the SPS 
to secondary 
school physics 
courses, discussing 
the learning 
outcomes through 
physics laboratory 
observations, 
manufacturing 
simple and cheap 
tools, designing 
experiments, doing 
projects, method of 
problem solving, 
preparing visuals 

 
 
 

A few closed-
ended or open-
ended 
experiments 

 
 
 
 
 
 
 
 
 
 
 
 
 

Questions 
before 
experiment, 
interview after 
experiment, 
reporting 
experiment 
outcomes, 
written half-
term exams, 
evaluation 
based on 
application in 
some laboratory 
courses 

General 
science 
education 

Direct courses: 
Laboratory 
Applications in 
Science and 
Technology, 
Special 
Education 
Methods II, 
Methods of 
Scientific 
Investigation 

Problem-based 
learning 
appropriate for the 
constructivism, 
project-based 
learning, 
demonstrations, 
observations 

A few closed-
ended, open-
ended or 
investigative 
experiments  

Reports of 
observations 
and 
experiments 
during term, 
assessment 
with scales, 
half-term 
practical exams  

Chemistry 
education  

Direct courses: 
Special 
Education 
Methods II, 
Indirect courses: 
Practice 
Teaching, 
Some laboratory 
courses  

Problem-based 
learning 
appropriate for the 
constructivism, 
project-based 
learning, learning 
through 
experiments 

Closed-ended 
or open-ended 
experiments  

 

Questions 
before 
experiment, 
interview after 
experiment, 
reporting 
experiment 
outcomes, 
written half-
term exams, 
evaluation 
based on 
application in 
some laboratory 
courses 

Biology 
education  

Laboratory 
Applications, 
Special 
Education 
Methods II 

Case studies in 
pure science 
courses, solving 
problems, project-
based learning  

A few closed-
ended or open-
ended 
experiments  

Assessment of 
laboratory 
reports and/or 
written exams  
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The physics education program was the program with the largest number of 
classroom activities for introducing and teaching science process skills. The general 
science education program was the only program which offered 
Scientific Investig
gender (out of 20).  
Table 6  
t-test Results of the SPS by Gender  

Gender  N (Number of 
student) 

X (Mean) 
SS t p 

Female  89 15.1 3.36 1.518 0.13 

Male  61 14.3 2.74 

Note: SS is for standard deviation  
There was no statistically significant gender difference in the science process 

Although it was not seen in Table 6, the analyses of the sub-categories indicated that 
the girls were better than the boys only regarding the identifying variable skill.  

 

Conclusions and Recommendations 

student teachers (see Table 2), and that there were statistically significant differences 
in SPS among the programs (see Tables 3 and 4). The physics education program had 
the highest SPS mean score (15.70) in the programs. However, it was found that the 
students found some SPS difficult to learn and apply, since these SPS required 
advanced level cognitive and motor skills (Griffiths & Thompson, 1993; Germann & 

controlling variables. The literature suggests that this skill is not used at the stages of 
problem-solving and decision making, and it is more difficult to learn this skill 
compared with the other science process skills. It was found that the students were 

 the identifying variable skill, under-developed  the developing 
hypothesis skill. On the basis of the SPSQF data, it appears that the reason for this 
situation is that the students do not use open-ended or investigative activities very 
often in laboratory courses in such a way that could improve this skill. In this study, 
although there were no statistically significant differences between measurement and 
inference, there was a statistically significant difference in favour of the physics 
education program in developing hypothesis, identifying variable, planning experiment, 
and interpreting data-formulating model skills. We believe this difference in the 
programs is linked to the activities for improving science process skills that the 
classes in these programs incorporate. The physics education program uses more 
courses and applications dealing with the teaching of science process skills and the 
activities related to them than the other programs (see Table 5). We can expect that 
this situation will cause more science process skills to be acquired. When we look at 
the sub-category of observation, the fact that there is a significant difference in the skill 
of observation between the physics education and general science education programs 
in favour of the general science education program means that, besides closed-ended 
experiments, there were more open-ended and investigative experiments in the 
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general science education program compared with the other programs, and the 
assessments in the program were carried out on the basis of observations in the 
laboratory activities. To the best of our knowledge, there is not any study 

the program in which they are registered in the literature.  
There was not any gender difference in the data obtained in this study (see Table 

6). The only observed gender difference was related to the sub-categories, and girls 
were better than boys in theidentifying variable skill. 
find any statistically significant gender differences in the science process skills of 
general science education student teachers. On the other hand, some studies reported 
that boys had a higher proficiency level than girls in s
Tatar, 2006; Temiz, 2001; Beaumont-Walters & Soyibo, 2001; Arslan, 1995).  

the individual should actively participate in 
learning process. We need to create a teaching environment in order to raise 
individuals with science process skills. Practical tasks are helpful for teaching about 
the nature of science, the understanding of scientific concepts, and the acquisition of 
science process skills and advanced level skills (Zuzovsky, 1999). This is because 
through laboratory activities, students can develop hypotheses, collect and record 
data, evaluate findings, and make assessments (Tamir, Doran and Chye, 1992). In a 
study with first-year university students attending an introductory physics 

the 7E model and the deductive laboratory approach were effective in developing 
science process skills. In science education through investigations, students should 
be encouraged to take part in the process of doing science, and to acquire scientific 
knowledge through their own scientific investigations.  

Therefore there should be more activities for the introduction and acquisition of 
science process skills in teacher education programs, and the course contents related 
to these programs. The differences by program can be investigated by different 
research instruments and techniques of analysis. We suggest the conduct of similar 
studies with different samples, in order to generalise from the findings of this study 
and to make comparisons. In this way we can provide concrete suggestions for 
science teacher education.  
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