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Abstract—This study aims to describe prospective biology teachers' science
process skills in plant cell material. Components of basic process skills such as
(1) observing, (2) connecting, and (3) inference, and integrated process skills
such as (4) analysis, (5) hypothesis, and (6) defining variables operationally,
become the science process skills components examined in this study. This
research is a descriptive-quantitative study with survey method to identify
science process skills of 100 prospective biology teacher (50 male and 50
female). Fifteen item tests on plant cell material were used to collect data on
science process skills of the prospective teacher who was first empirically
validated before use. The results showed that the science process skills of
biology teacher in IKIP Mataram were significantly different on the
components of (1) observed (p < 0.05), (2) inference (p < 0.05), and (3) analysis
(p < 0.05), whereas the science process skills of prospective biology teacher are
generally in the moderate category (60.38).
Keywords—Science process skills, prospective biology teacher, gender

1

Introduction

Science learning in Indonesia which has a tendency to focus on remembering
scientific concepts [1] causes students' science process skills (SPS) to be generally
categorized as medium [2]. SPS which are a prerequisite for learning thinking skills
[3] that are directly related to psychomotor and cognitive aspects [4] are important to
learn [2, 5] in building knowledge and solving problems [6, 7, 8]. Learning demands
that emphasize the integration of scientific processes such as observing, asking,
experimenting, reasoning, communicating [9] further emphasize the importance of
SPS to be taught. SPS as [10] believe has become an important tool in learning and
understanding science, as well as important in improving the learning achievement of
science education.
SPS are activities that scientists use in assessing information about nature [11, 12].
SPS are defined as skills that help in learning, provide variations in methods and ways
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to conduct experiments make students active, increase student responsibility, help
students understand practically, and increase their sense of responsibility for selflearning [10]. SPS are classified into two, namely basic SPS and integrated SPS [11,
11]. The basic SPS include:
•
•
•
•
•
•

Observing
Classifying
Inference
Measuring
Communicating
Predicting
While integrated SPS include

•
•
•
•
•
•

Variable identification
Formulating hypothesis
Tabulation and describing data in the graph
Defining variables
Investigative design
Conducting experiments [13, 14].

Science learning and the development of SPS are integrated in learning activities
[15]. Mastery of SPS is believed to have a strong relationship with formal thinking
skills [16]. Three conditions that must be met on learning so students can experience
the learning process of SPS revealed by [17] are:
• Teachers’ understanding of SPS and its’ importance
• Students must be given the opportunity to practice the SPS they have
• Evaluation activities regarding the development of SPS possessed by students
The conditions described are linear with the description of the latest learning
demands presented by [10] that students are expected to become individuals who have
SPS and critical thinking skills and the education curriculum should be refer to these
aspects.
Teachers often give assignments that are available in textbooks, worksheets, and
summarize learning material so that the targeted teaching material can be resolved [5]
that causes students only use basic concepts that have been learned before [18]. At the
college level, [19] found that students could not comprehensively recognize the items
of SPS that were tested. The implementation of meaningful-oriented learning is
important [20, 12] to overcome these problems. The identification of the prospective
teachers’ SPS is also important to do to provide an overview of the prospective
teachers’ SPS so that recommendations for improving the implementation of learning
in the future can be done well.
Gender is considered to affect the differences in student learning outcomes. Gender
is a term used to distinguish male and female [21]. The results of the [22] study show
that male are better than female in making scientific observations. On the other hand
[23] stated that male are more confident and open-minded than female, but female
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have more curiosity and maturity better than male. Result of [24] study found that
gender influences students' critical thinking skills and critical thinking dispositions.
Furthermore, [25] states that male and female do not have differences in
understanding concepts, but male are superior in problem-solving than female.
This study aims to describe the prospective teachers’ SPS based on gender in plant
cell material. Components of basic process skills such as:
•
•
•
•
•
•

Observing
Connecting
Inference, and integrated process skills such as
Analysis
Hypothesis
Defining variables operationally become SPS components examined in this study.

2

Methodology

This research is a quantitative-descriptive study with survey method to identify
SPS of 100 prospective biology teacher. Fifteen items of the essay test on plant cell
material were used to collect data on prospective teachers’ SPS included components
of basic SPS such as
•
•
•
•
•
•

Observing
Connecting
Inference, and integrated SPS such as
Analysis
Hypothesis
Defining variables operationally.

Test instruments were empirically validated in 25 biology students who had taken
anatomy and plant development courses to determine the validity and reliability of
test instruments. The instrument test results were then analyzed to determine the
validity and interpretation of the instrument by comparing the value of the Pearson
Correlation with the value of rtable N = 25 which is 0.396 at the 0.05 significance
level. The results of testing the validity and reliability of test instruments are
presented in Table 1 and Table 2 below.
Table 1. Instrument validity test results
Items
Number 1
Number 2
Number 3
Number 4
Number 5
Number 6
Number 7

170

Pearson Correlation
0.06
0.78
0.39
0.43
0.78
0.46
0.78

Sig. (2-tailed)
0.76
0.01
0.04
0.02
0.01
0.01
0.01

Remarks
Valid
Valid
Valid
Valid
Valid
Valid
Valid
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Items
Number 8
Number 9
Number 10
Number 11
Number 12
Number 13
Number 14
Number 15

Pearson Correlation
0.21
0.47
0.50
0.47
0.61
0.28
0.15
0.33

Sig. (2-tailed)
0.29
0.01
0.01
0.01
0.01
0.15
0.44
0.09

Remarks
Invalid
Valid
Valid
Valid
Valid
Invalid
Invalid
Invalid

Table 2. Instrument reliability
Cronbach's Alpha

N of Items

0.70

15

Based on the test results it is known that the instrument was declared reliable to use
to collect data of prospective biology teachers' SPS in plant cell material in plant cell
material. Respondents' answers were then analyzed and then categorized into three
categories, namely high, moderate, and low as presented in Table 3 below.
Table 3. Criteria for SPS [2]
No
1
2
3

Category
High
Moderate
Low

Score
66.67 ≤ X
33.33 ≤ X < 66.67
X < 33.33

The sample in this study were 100 (50 male and 50 female) prospective biology
education teacher. The variables in this study were analyzed using SPSS for windows
software. The results of the analysis include the results of identifying differences in
each component of variables based on gender.

3

Results and Discussion

Data on prospective biology teachers’ SPS were analyzed using one sample
Kolmogorov-Smirnov to determine data distribution and Levene Statistic test to find
out variants of data on prospective teacher SPS. The distribution test results
(normality) and variance (homogeneity) of data on prospective biology teacher SPS
are presented in Table 4 below.
Table 4 shows that SPS of prospective biology teacher are normally distributed and
homogeneous variants in the components
• Observing
• Inference
• Analysis, and
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• Hypothesis so that the t-test is implemented to determine the differences on these
components based on gender of prospective biology teachers.
Components of SPS
• Connecting are declared to be normally distributed but not homogeneous variants,
while component
• Defining variables operationally as not normally distributed so that the MannWhitney U test was implemented to find out the differences between the two
components.
The test results of differences in SPS of biology teacher candidates are presented in
Table 5.
Table 4. Normality and homogeneity of SPS prospective biology teachers.
Normality test
Level

SPS
Observing

Basic

Connecting
Inference
Analysis

Integrated Hypothesis
Defining variables
operationally

Gender

N

Mean

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

50
50
50
50
50
50
50
50
50
50
50
50

69.16
73.66
67.66
63.66
59.00
53.50
64.83
58.66
56.25
57.25
54.47
46.53

Homogeneity test
Levene Homogene
Statistic
ity

p

Normality

0.59

yes

0.28

yes

0.26

yes

0.01

no

0.35

yes

0.54

yes

0.57

yes

0.61

yes

0.08

yes

0.71

yes

0.01

no

Mann-Whitney U Test

Table 5. Differences in SPS of prospective teacher based on gender
SPS
Observing
Inference
Analysis
Hypothesis
SPS
Connecting
Defining operationally
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Independent Samples t-Test
N
Mean
SD
50
69.16
9.99
50
73.66
10.82
50
59.00
12.38
50
53.50
14.51
50
64.83
10.55
50
58.66
10.77
50
56.25
11.36
50
57.25
12.64
Mann-Whitney Test
Gender
N
Mean
SD
Male
50
67.66
11.87
Female
50
63.66
Male
50
54.47
9.93
Female
50
46.53
Gender
Male
Female
Male
Female
Male
Female
Male
Female

df

t

p

98

2.15

0.03

98

2.03

0.04

98

2.89

0.01

98

0.41

0.67

ΣN

p

100

0.08

100

0.14
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Based on Table 5, it can be seen that the SPS of prospective biology teacher differ
significantly in the components of basic SPS (1) observing (p < 0.05) where the
component of observing female prospective biology teacher is better (mean = 73.66)
than male (mean = 69.16). Male prospective biology teacher in the basic SPS
component are better in the component (2) inference (mean = 59.00) than female
(mean = 53.50) with a significant difference (p < 0.05), while (3) connecting skill of
prospective biology teacher did not differ significantly (p > 0.05) in the basic SPS
component.
The integrated SPS of prospective biology teacher are only significantly different
(p < 0.05) in component (4) analysis, where male have better analysis skills (64.83)
than female (58.66), while (5) hypothesis (p > 0.05) and (6) defining variables
operationally (p > 0.05) stated not significantly different between male and female.
The research findings also show that in general the prospective biology teacher have
SPS with a moderate category (60.38). Prospective biology teacher are only
categorized as high on the observing component of basic SPS, as presented in Table 6
below.
Table 6. Prospective biology teachers’ SPS.
Level

SPS
Observing

Basic

Connecting
Inference
Analysis

Integrated

Hypothesis
Defining
variables
operationally

Averages

Gender
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

N
50
50
50
50
50
50
50
50
50
50
50

Mean
69.16
73.66
67.66
63.66
59.00
53.50
64.83
58.66
56.25
57.25
54.47

Category
High
High
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium

Female

50

46.53

Medium

60.38

Medium

The results show that the basic SPS of IKIP Mataram prospective biology teacher
were significantly different in the basic SPS components (1) observing (p < 0.05), (2)
inference (p < 0.05), and (3) analysis (p < 0.05), where male were more skilled in
analyzing (mean = 64.83) than female (mean = 58.66) and more skilled (mean =
59.00) in making inferences than female (mean = 53.50). Female prospective biology
teacher were more skilled (mean = 73.66) in observing than male (mean = 69.16). In
line with the results of the study, [26] found that male think more analytically and
flexibly than female, while [27] states female are less skilled in abstract and logical
thinking. A different opinion was conveyed by [28] which states that male and female
are not different in concepts understanding, but male are better at solving problems
than female.
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The results of this study show that prospective biology teacher are not significantly
different in the connecting, hypothesis and defining variables operationally
components. On thinking skills [29] stated that male and female were not different
and did not correlate significantly. A different opinion was conveyed by [30] that
gender differences can affect students' thinking skills. Furthermore, [23] stated that
SPS affect students' high-level thinking skills, where student gender differences can
influence thinking dispositions such as inquisitiveness, maturity, self-confidence, and
open-mindedness.
The results of the study also showed that in general the SPS of prospective biology
teachers were categorized as moderate (mean = 60.38), but it should be noted, the
hypothesis component had a low category. Learning activities of SPS hypothesize
closely related to SPS interpreting observations and estimates. In addition, this type of
SPS is also closely related to students' initial knowledge. Student SPS are influenced
by the ability to formulate questions [31]. Students have difficulties on formulating
hypotheses because they are not used to doing these activities and are not used to
formulating scientific questions that can be tested in laboratory activities.
Furthermore, [32] states the formulation of questions in learning is mostly submitted
by teachers than students. SPS that are often associated with inquiry learning require
students to construct knowledge through systematic steps which can be facilitated by
a student-centered approach with an emphasis on knowledge construction and
processes [31].
Defining variables operationally is also an indicator of identified SPS having a low
score. Defining variables operationally is a statement that describes how certain
variables must be measured, or how an object or condition must be recognized.
Defining variables operationally skills determine the skills of students in designing
problem solving in inquiry activities [3] The results of the study largely show the
advantages of implementing inquiry learning [33], but barriers to implementing
independent learning such as teacher preparation [34], difficulty controlling the class
[35] and student despair [36] must also be considered to achieve maximum results.
The low level of skill in defining variables operationally for prospective teacher
students seems reasonable, given these obstacles. Furthermore, [32] stated that
teachers tend don't want students to ask questions or ideas for fear of losing control in
class and students tend to need a lot of time to find ideas.

4

Conclusion

Based on the results of the study it can be concluded that prospective biology
teacher at IKIP Mataram differ significantly in indicators:
•
•
•
•

Observe
Inference
Analysis
Male prospective biology teacher are more skilled in analyzing and making
inferences than female, while female are more skilled only in indicators of
observing than male.
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The prospective biology teachers’ SPS are generally categorized as moderate with
indicators
• Hypotheses
• Defining variables operationally, being the lowest score SPS indicator. Students
should be given the opportunity to implement their SPS through inquiry activities
in the classroom and laboratory. Students were satisfied and felt an increase in
learning outcomes after inquiry learning [37] and considered effective to increase
students’ declarative, procedural and conditional knowledge [38].

5
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