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Abstract

This study explored pre-service teachers’ familiarity, interest, and conceptual understanding of science 
process skills. A sample comprised ninety one primary school pre-service teachers at a university in the 
Midwest of the USA. Participants were enrolled in two science education courses; introductory science 
teaching methods course and advanced science methods course. The introductory science methods course 
is mainly focused on developing science process skills among pre-service teachers while the advanced 
science methods course is focused on content and pedagogical knowledge. Data were collected through 
a questionnaire. Results showed that pre-service teachers had higher familiarity and interest levels in 
science process skills, but very poor conceptual understanding of the science process skills. Their in-
correct definitions of science processes ranged from not having any idea to tautology. Moreover, most 
participants interchanged definitions of some science processes notably measuring and quantification; 
and predicting and inferring. The findings have implications for science teaching, learning and teacher 
education. 
Key words: conceptual understanding, familiarity, inquiry, interest, science process skills. 

Introduction

Current USA science education reforms and standards require science teachers to teach 
science process skills to their students (American Association for the Advancement of Science 
[AAAS], 1989, 1993; National Research Council [NRC], 1996). The tenets of these reforms 
and standards include the “processes of science” and require that students combine processes 
and scientific knowledge as they use scientific reasoning and critical thinking to develop their 
understanding of science and scientific inquiry process (NRC, 1996, p. 105). These reforms 
and standards have identified thirteen science process skills that are divided into two major cat-
egories known as basic and integrated science process skills. The basic science process skills 
include observing, measuring, classifying, inferring, predicting and communicating. The inte-
grated science process skills include interpreting data, identifying and controlling variables, 
quantifying (counting numbers), using space/time (graph) relationships, defining operationally, 
hypothesizing, and experimenting. 



problems
of education
in the 21st century
Volume 22, 2010

77These science process skills form an integral part of scientific inquiry (Anderson, 2002). 
As such, science educators propose that inquiry science is strongly facilitative of both concep-
tual knowledge and the acquisition of science processes (Glynn & Duit, 1995; Minstrell & van 
Zee, 2000). In addition to promoting deep conceptual understanding, science inquiry is often 
thought to increase teachers’ and students’ science process skills, such as data gathering, organi-
zation of information, interpreting, and communicating conclusions (Metz, 2000). As a result, 
extensive research has been done on inquiry science teaching and learning.

In particular, studies have examined science course content for prospective teachers 
(Boardman & Zembal-Saul, 2000; Dana et al. 2000; Zembal & Oliver, 1998), and teacher prepa-
ration courses and/or programs aimed at developing understanding and abilities associated with 
effective science teaching in school classrooms among teachers (Marion et al. 1999; Zembal-
Saul et al., 1999). However, research studies rarely discuss teachers’ conceptual understanding 
of the science process skills such as scientific problem, hypothesis, assumption, prediction, con-
clusion, and models. Yet, conceptual understanding is the key to the full realization of what con-
cepts are worth and it is widely acknowledged as one of the central goals of science education 
(Barbosa & Alexander, 2004). The premium placed on conceptual understanding is illustrated 
by its prominence as an objective in the National Assessment of Educational Progress (NAEP) 
science assessment (O’Sullivan, Reese, & Mazzeo, 1997). Among the definitions of character-
istic elements of knowing and doing science, conceptual understanding is included. Similarly, 
Settlage and Southerland (2007) viewed the science process skills as an integral feature of the 
actions of the scientific culture, although not as all there is to science. Settlage and Southerland 
further states that teaching with an eye toward science process skills is an appropriate entry 
point for beginning primary and middle school teachers. As a result, they proposed that science 
process skills serve as a very important way for new teachers to learn about science teaching. 
Therefore, teachers should possess a strong conceptual understanding of the science process 
skills if they have to effectively teach them in their classrooms. 

Although science process skills form an integral part of inquiry teaching (Anderson, 
2002; Glynn & Duit, 1995; Minstrell & van Zee, 2000) and emphasized in science education 
reforms (AAAs, 1993; NRC, 1996), few studies have investigated teachers’ familiarity with 
science process skills and their conceptual understanding of science process skills. For instance, 
Emereole (2009) investigated conceptual knowledge of science process skills among high 
school pre-service science teachers in Botswana. Emereole’s study found that pre-service high 
school science teachers did not have sufficient conceptual knowledge of science process skills. 
Similarly, many studies have examined teacher understanding of inquiry and have concluded 
that they lack a sufficient understanding of such a process (Lotter, Harwood, & Bonner, 2007). 

Despite the aversion to inquiry, many studies have supported the fact that inquiry and 
science process skills are closely related. For example, Luft (2001) found that pre-service teach-
ers’ achievement in science process skills were significantly improved with hands-on activities. 
Further, Metz, (2000), along with several others, states that the science process skills are essen-
tial to doing inquiry. Teachers who are deficient in science process skill conceptual knowledge 
further add to the deficiencies in teaching science by inquiry.

It is evident in the literature that few studies have explored primary school pre-service 
teachers’ conceptual understanding of science process skills. In addition, no study has explored 
the extent to which teachers are familiar with the science process skills, and their levels of in-
terest in learning more about the science process skills. Yet, it is important to find out teachers’ 
conceptual understanding of the science process skills and their interest in knowing more about 
science process skills. Primary school teachers need to show strong interest in science process 
skills and demonstrate a sound conceptual understanding of the science process skills in order 
to effectively create conditions for their development among students. As such, there is also 
need to establish teachers’ levels of familiarity and interest in science processes. Therefore, this 
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78 study attempted to find out the extent to which primary school pre-service teachers were famil-
iar with the science process skills, were interested in knowing more about the science process 
skills, and the extent to which they understood the science process skills.

This study was guided by three research questions: (a) To what extent are primary school 
pre-service teachers familiar with science process skills? (b) To what extent are primary pre-
service teachers interested in knowing more about science process skills? (c) To what extent do 
primary pre-service teachers understand science process skills?

Methodology of Research

This study was conducted in a primary school teacher education program at a university 
in the Midwest of the USA. A sample comprised 91 primary school pre-service teachers who 
were enrolled in two science education courses: an introductory science teaching and an ad-
vanced science teaching methods courses. Sixty (60) of the participants were in the introductory 
science methods course and 31 participants were in the advanced science methods course. The 
introductory science methods course is mainly focused on developing science process skills 
among pre-service teachers while the advanced science methods course is focused on content 
and pedagogical knowledge. The average age of the participants was 24 years. None of the par-
ticipants had a school teaching experience. These pre-service teachers had already taken, prior 
to this study, two science content courses that covered life science, earth science and physical 
science concepts aligned with the national and state science education standards. 

Data was collected by administering questionnaire during class which lasted for about 
45 minutes in each class. The completed questionnaires were collected immediately upon com-
pletion for analysis. The questionnaire was adapted from the one used by Emereole (2009). 
However, a component on interest was added to the questionnaire, in order to find out if the 
pre-service teachers were interested in learning more about the science process skills.  The 
questionnaire had three sections. Section 1 was intended to collect general demographic infor-
mation of the participants such as gender, area of certification, teaching subjects, number of 
science courses taken at college/university, number of science courses taken at high school, the 
courses done at college/university and the courses currently taken at college/university. Section 
2 consisted of two parts: Table A and Table B.  Table A had 13 science processes skills and each 
had three responses: Term not familiar to me, Term familiar to me but I do not understand its 
meaning, and Term familiar to me and I understand its meaning.  Table B also had 13 science 
process skills and each had three responses: Not at all interested in receiving information, In-
terested in receiving more information, and Very interested in receiving more information. Sec-
tion 3 also had the same 13 science process skills with space provided where participants were 
expected to write definition or explanation of each process skill. It was intended to determine 
the conceptual understanding of the science process skills by the pre-service teachers in this 
study. The questionnaire was validated by three science education experts at the university this 
study was conducted.

Data analyses involved computing reliability values for the instrument and for each 
construct (familiarity, interest, and conceptual understanding). The data from section 2 was 
analyzed using frequency variables and descriptive statistics. One way ANOVA and t-tests were 
used to investigate differences among sub-groups on each of the constructs of familiarity, inter-
est and conceptual understanding. Participants’ responses in section 3 of the questionnaire were 
scored and categorized as correct, partially correct, and incorrect. The responses were compared 
to the standard answers used by Emereole (2009). The correct response was assigned a value of 
3, partially correct response was assigned a value of 2, and an incorrect response was assigned 
a value of 1. A response was considered correct if it contained all the aspects in the standard 
answers completely. The response was considered partially correct if it contained some of the 
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79aspects in the standard answer and the response was considered incorrect if it was either com-
pletely wrong when compared to the standard answer or if the question was not answered or left 
blank. Then the responses were analyzed and coded to identify recurring themes. 

The overall reliability value for the questionnaire was 0.93. The reliability values for the 
constructs familiarity, interest and conceptual understanding were 0.79, 0.97 and 0.37, respec-
tively. Although the reliability value for conceptual understanding is low, the overall reliability 
values for the instrument and for the other two constructs are high enough to indicate some 
internal consistency in the instrument.

Results of Research

Levels of Familiarity, Interest, and Conceptual Understanding of Science Process Skills

Table 1 shows t-test results comparing the two science methods courses; introductory 
science methods course and advanced science methods course. There was a significant dif-
ference between the two classes in familiarity [t (89) = -2.39, p =0.02)]. This shows that par-
ticipants in the advanced science methods course expressed more familiarity with the process 
skills than those in the introductory science methods course. However, there were no significant 
differences between the two courses in interest [(t (89) = 0.40, p =0.69)] and conceptual under-
standing (t (89) = -0.55, p =0.59). This shows that the pre-service teachers in the two science 
methods courses had the same interest and conceptual understanding levels.

Table 1.	 The t-test results between courses for each construct.

Construct 
Intro science methods 

course (N= 60)

Advanced science 
method course

(N= 31) t df p-
value Sig

Mean (SD) Mean (SD) 

Familiarity 34.6 (5.1) 36.8 (2.2) -2.39 89 0.02 Significant 

Interest 24.0 (7.1) 23.5 (7.8) 0.40 89 0.69 Non significant 

Conceptual 
Understanding 19.0 (1.7) 19.3 (2.5) -0.55 89 0.59 Non significant 

Sig at p<.05 

Table 2 shows One-way ANOVA to determine any differences among the three constructs 
familiarity, interest, and conceptual understanding in the introductory science methods course. 
There was a significant difference among these three constructs (F (3,231) = 89.1, p=0.00).  
In particular, there was a difference between familiarity and interest, with familiarity having 
a higher mean than interest. This shows that these pre-service teachers were familiar with the 
science processes but had lower interest. The difference between familiarity and conceptual 
understanding showed familiarity with higher mean than conceptual understanding. This means 
that these teachers were familiar with the science processes but did not have the understanding 
of them. The difference between interest and conceptual understanding showed that interest had 
a higher mean than conceptual understanding. This means that the teachers were interested in 
the science processes but lacked conceptual understanding of the process skills. 
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80 Table 2.	 One-way ANOVA in Introductory Science Methods course. 

Construct Mean (SD) F df p- value Sig. 
Familiarity 34.6 (5.1) 

89.1 3
231 0.00 significant 

Interest 24.5 (7.1) 

Conceptual
Understanding 

19.1 (4.1) 

Sig at p<.05 

Table 3 shows that there was significant difference among the three constructs familiar-
ity, interest and conceptual understanding in the advanced science methods course. For exam-
ple, there was a significant difference between familiarity and interest, with familiarity show-
ing a higher mean than interest. Again, this shows that the pre-service teachers were familiar 
with the science processes but did not have interest in learning more. Another difference was 
between familiarity and conceptual understanding, with familiarity having a higher mean than 
conceptual understanding. This means that the pre-service teachers were familiar with the sci-
ence processes but did not have the conceptual understanding. The difference between interest 
and conceptual understanding showed interest with a higher mean than conceptual understand-
ing. This means that the pre-service teachers had interest in learning more about the science 
processes but did not have the conceptual understanding. 

Table 3.	 One-way ANOVA in the Advanced Science Methods course.  

Construct Mean (SD) F df p-value Sig.

Familiarity 36.9 (2.2) 

30.1 3
124 0.00 significant Interest 23.5 (7.8) 

Conceptual under-
standing 19.3 (5.1) 

Sig at p<.05 

Table 4 shows the percentage comparison of the introductory science methods courses 
and advanced science methods course levels of familiarity in science processes. Table 4 shows 
that in both groups a higher percentage of the participants indicated that they were familiar and 
understood most of the science processes. However, in both groups pre-service teachers indi-
cated low understanding of the science processes of quantification, making operational defini-
tions, and using space/time relations.
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Science 
Process 
skill

Not Familiar Familiar but not Understood Familiar & Understand

 
Introductory 

science meth-
ods course

Advanced 
science 
methods 
course

Introductory 
science meth-

ods course

Advanced 
science 
methods 
course

Introductory 
science meth-

ods course

Advanced sci-
ence methods 

course

Observation 5.0 0.0 0.0 0.0 95.0 100.0

Classification 5.0 0.0 6.7 3.2 88.3 96.8

Quantifica-
tion 18.3 3.2 43.3 32.3 38.3 64.5

Measure-
ment 5.0 0.0 3.3 0.0 91.7 100.0

Inferring 6.7 0.0 21.7 12.9 71.7 87.1

Communica-
tion 5.0 0.0 6.7 0.0 88.3 100.0

Formulating 
hypothesis 5.0 0.0 3.3 3.2 91.7 96.8

Experiment-
ing 5.0 3.2 0.0 0.0 95.0 96.8

Making 
operational 
definition

26.7 22.6 53.3 35.5 20.0 41.9

Interpreting 
data 6.7 0.0 8.3 3.2 85.0 96.8

Predicting 5.0 0.0 1.7 0.0 93.3 100.0

Controlling 
variables 5.0 0.0 10.0 6.5 85.0 93.5

Using 
space/time 
relations

18.3 6.5 51.7 41.9 30.0 51.6

Table 5 shows the percentage comparison of the introductory science methods course 
and advanced science methods course levels of interest in science processes. A higher percent-
age indicates that they were just interested and not very interested or not interested at all in 
learning about science process skills. 
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82 Table 5.	 Participants’ interest in science process skills.
 

Science Pro-
cess Skill Not at  all Interested Interested Very Interested

Introductory 
science meth-

ods course

Advanced 
science 
methods 
course

Introductory 
science meth-

ods course

Advanced 
science 
methods 
course

Introductory 
science meth-

ods course

Advanced sci-
ence methods 

course

Observation 25.0 41.9 63.3 48.4 11.7 9.7

Classification 23.3 32.3 60.0 58.1 16.7 9.7

Quantification 35.0 32.3 51.7 51.6 13.3 16.1

Measurement 28.3 38.7 60.0 48.4 11.7 12.9

Inferring 20.0 35.5 66.7 48.4 13.3 16.1

Communication 26.7 35.5 58.3 45.2 15.0 19.4

Formulating 
hypothesis 23.3 35.5 63.3 48.4 13.3 16.1

Experimenting 18.3 35.5 55.0 45.2 26.7 19.4

Making opera-
tional definition 30.0 35.5 55.0 48.4 15.0 16.1

Interpreting 
data 28.3 32.3 60.0 48.4 11.7 19.4

Predicting 23.3 32.3 63.3 54.8 13.3 12.9

Controlling vari-
ables 25.0 32.3 60.0 58.1 15.0 9.7

Using space/
time relations 33.3 29.0 55.0 51.6 11.7 19.4

Table 6 below shows the percentage comparison of the introductory science methods 
course and advanced science methods course levels of conceptual understanding in science 
processes. Table 6 shows that very few pre-service teachers in both groups had “correct” an-
swers. A majority had “partially correct” answers. This shows that a large number of pre-service 
teachers did not have a complete conceptual understanding of the science processes. Further-
more, table 6 shows that pre-service teachers had a great difficulty defining the process skills 
of quantification, inferring, communication, formulating hypothesis, experimenting, making 
operational definitions, interpreting data, predicting, controlling variables and using space/time 
relations.
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83Table 6.	 Participants’ conceptual understanding of process skills for the
	 two courses.

Science
Process Skill Incorrect Partially Correct Correct

Introductory 
science meth-

ods course

Advanced 
science 
methods 
course

Introductory sci-
ence methods 

course

Advanced 
science 
methods 
course

Introductory 
science meth-

ods course

Advanced 
science 
methods 
course

Observation 15.0 16.1 85.0 83.9 0.0 0.0

Classification 8.3 16.1 90.0 77.4 1.7 6.5
Quantification 50.0 48.4 50.0 51.6 0.0 0.0
Measurement 23.3 29.0 76.7 67.7 0.0 3.2

Inferring 75.0 67.7 25.0 32.3 0.0 0.0
Communica-
tion 61.7 22.6 38.3 74.2 0.0 3.2

Formulating 
hypothesis 41.7 67.7 58.3 25.8 0.0 6.5

Experimenting 61.7 35.5 36.7 61.3 1.7 3.2

Making opera-
tional definition 88.3 93.5 11.7 6.5 0.0 0.0

Interpreting 
data 55.7 51.6 43.3 35.5 0.0 12.9

Predicting 40.0 64.5 58.3 35.5 1.7 0.0

Controlling 
variables 88.3 96.8 11.7 3.2 0.0 0.0

Using space/
time relations 95.5 100.0 3.3 0.0 1.7 0.0

From section 3 of the questionnaire, pre-service teachers showed technical ways in 
which they did not exhibit complete conceptual understanding of the science processes. A large 
number of pre-service teachers had incomplete answers. Listed below were some of the find-
ings:

•	 It was noted that many participants failed to distinguish between predicting and infer-
ring. 

•	 They also could not distinguish between quantification and measurement. 
•	 A number of pre-service teachers used tautology in defining the terms in almost all 

categories. 
•	 A number of pre-service teachers used everyday language in defining communica-

tion. 
•	 There was frequent use of the phrase “educated guess” on formulating hypothesis, 

prediction and inferring. However, it was more especially on formulating hypoth-
esis.

•	 Observation was mainly defined in terms of senses with sense of sight being most 
prevalent. No mention of extensions to technological aspects of observations.

•	 Classification was defined mainly on basis of similarities ignoring differences.
•	 In measurement there was no explicit mention of measuring tools.
•	 In experimenting, often pre-service teachers were not explicit in the practical aspects 

of the process.
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84 •	 In controlling variables, they mentioned what is done instead of defining it as a proc-
ess of identifying what to manipulate or keep constant.

•	 In defining Inferring, they mostly based it on a topic or knowledge instead of the 
observed data.

•	 In defining interpretation, mostly the pre-service teachers did not refer to the treat-
ment or interpretation of data.

Discussion

The purpose of this study was to examine primary school pre-service teachers’ familiar-
ity, interest and conceptual understanding of the science processes. The results show that prima-
ry school pre-service teachers perceived themselves as being familiar with science processes. 
However, these teachers were not very interested in knowing more about science processes. 
Furthermore, their definitions and explanations revealed that they did not have complete con-
ceptual understanding of the science processes. They had difficulties in defining and explain-
ing processes such as quantification, inferring, communicating, formulating hypothesis, ex-
perimenting, making operational definitions, interpreting data, predicting, controlling variables 
and using space/time relations. These findings imply that these pre-service teachers’ claims of 
familiarity with science processes did not corroborate with their abilities to define and explain 
the processes. Although some pre-service teachers in our study gave  traditional and correct 
definitions of some basic science process skills such as observations and classifications, the 
presence of additional incorrect statements  suggest that some participants just rote-learned the 
definitions. Similarly, Duit (1984) argued that it is difficult to distinguish whether even partially 
correct definitions and explanations of a concept provided by research participants are based on 
their understanding or merely rote-learned.

To a large extent, the results in this study are in keeping with previous studies on sci-
ence process skills involving different groups of teachers and students. For example, Emereole 
(2009) also found that pre-service high school science teachers did not have sufficient concep-
tual knowledge of science process skills. Similarly, studies on teacher understanding of inquiry 
have reported that teachers of different grade levels lack sufficient understanding of science 
process skills (Lotter, Harwood, & Bonner, 2007; Luft, 2001). 

Our results also show that most pre-service teachers were not very interested in know-
ing more about science processes. This finding confirms research-based assertion that primary 
school teachers lack sufficient content knowledge, inquiry knowledge, and do not possess posi-
tive attitude towards science (Crawford, 2000). These deficiencies do not promote a positive 
and effective science learning environment in schools.  Other studies have concluded that a 
poor attitude towards science prevents teachers from actively and effectively teaching it (Os-
borne, Osborne, Simon & Collins, 2003). Yet, teacher competence in the science process skills 
has been found to promote a positive attitude towards science among students (Luft, 2001).

The results in this study and those in previous studies have implications for primary sci-
ence teaching and teacher education. For example these pre-service teachers claimed they were 
familiarity with science processes, had low interest in the science processes and did not exhibit 
a high conceptual understanding. How do we expect these teachers to be effective science 
teachers if they don’t understand science process skills they are supposed to teach their stu-
dents? What can teacher educators do in order to harness teachers’ potentials? Lack of teachers’ 
interest and conceptual understanding of science process skills can impede effective science 
teaching in schools. Further, such teachers would not be able to create laboratory experiences 
that would help students develop science process skills.  They would also not be able to teach 
the students the required process skills effectively. 

Therefore, there is a need to find ways of transforming teachers’ interest into conceptual 
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85understanding of the science processes. Based on these results, we recommend an explicit in-
tervention on science process skills in our teacher education program for pre-service teachers to 
develop interest and conceptual understanding of the science processes outlined in the national 
science education reforms and standards. As such, it is important to alert teacher educators to 
the fact that even those pre-service teachers who claim to be familiarity with science process 
skills may not have adequate understanding of the processes. Teacher educators should identify 
pre-service teachers’ prior ideas about science processes in science methods courses. We also 
recommend future research to examine in-service teachers’ familiarity, interest and conceptual 
understanding of science process skills. 

Conclusions

The results in this study showed that primary school pre-service teachers had higher 
familiarity and some interest levels in science process skills, but very poor conceptual under-
standing of the science process skills. Their incorrect definitions of science processes ranged 
from not having any idea to tautology. Moreover, most participants interchanged definitions of 
some science processes notably measuring and quantification; and predicting and inferring. As 
such, there was a gap between their claims of familiarity with process skills and their ability to 
provide reasonable conceptual definitions and explanations of the science process skills. This 
group of pre-service teachers did not have sufficient conceptual knowledge of science process 
skills to help their future students to understand them in a meaningful way.
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