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Abstract: Science process skills (SPS) are a summary of all skills that consist of basic SPS and integrated SPS. Good SPS is demonstrated through the
attitude of students in conducting experiments in the laboratory. This study was to determine the differences in science process skills in Physics
Education students with Chemistry education students at Universitas Jambi both using conventional practicum guidebook, as well as students using
SPS-based guidebooks. The skills reviewed in this study consisted of basic SPS and integrated SPS. The basic skills indicator consists of 1)
cl asqcalion, 2) making conclusions, and 3) measuring, while the integrated skills indicator consists of 1) proﬂsi ng and processing data, 2) explaining
the relationships between variables, 3 makigraphs, 4) making hypotheses, and 5) identifying variables. This research is a quantitative study with
guasy experimental type using a sla|¢roup comparison design. The research sample was all students of Physics Education and ChemistfgEducation
students with a total sample of 201 students, consisting of 108 Physics Education students, and 93 Chemistry Education students. The assessment

trument used was the SPS' observation sheet with the skill score used in the form of a Likert scale. The results of this study indicate that the use of

S-based practicum guidebooks can develop students' skills in science processing as indicated by the significant difference in SPS mastery scores of
students in the experimental class and students in the control class in each study program.

Index Terms: Higher Education, Science Process Skills, Practical Guidebook,

Basic Physics |

*

1. INTRODUCTION

Education is a conscious and planned effort to create an good
learning process so that students develop their potential [1][2].
Education in Indonesia has been well-integrated and needs
further development. Continuing education should be closely
related to the curriculum used [3][4] Currently, the curriculum
used requires students to have a scientific attitude in learning.
Scientific attitude helps students to understand the concepts of
natural science so that they can carry out experiments to
trigger their understanding and insight in understanding natural
science itself, for example in learning physics [5][6][7]. Beliefs,
feelings, and actions are the three main components of
scientific attitudes that can be applied through the use of
scientific methods to form active, independent, critical, logical
and structured thought patterns. The scientific attitude is
attitude which can be used in scientific work such as honesty,
responsibility and discipline [8][9][10]. Scientific attitude helps
students to carry out scientific activiies or scientific
procedures. One of the processes of scientific inquiry can be
carried out by practicum activities [11][12]. Experimental
activities allow students to obtain their knowledge
independently, for example, the Basic Physics experiment.
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The laws and principles of Physics are obtained through the
success of scientists' experiments. This success is supported
by the skills of sﬁentists in conducting experiments which can
be summarized in the science process skills (SPS). SPS is a
skill that provides a means in science leaming, research, and
active learning, building a sense of responsibility when
learning and increasing knowledge [13][14]. SPS is very
important for every student as a provision to use scientific
methods in developing science. Also, students are expected to
gain new knowledge or even develop their existing knowledge
through science processing activities. Students who have SPS
can practice understanding the concepts they have acquired in
learning activities which e two categories, basic SPS, and
integration SPS [15][16]. dents in the faculty of education
are prospective professional educators who have the task of
guiding, training and building one's knowledge [17][18]. As pre-
service teacher, SPS needed by the students of education
faculty to construct not only pedagogic competence but also
built the professional competence [19][20]. Therefore, students
are not only required to be professional educators who have
good competence in the cognitive field, but students also need
competence in the psychomotor field. Psychomotor students
are trained through the implerantation of practical activities in
the laboratory. Because SPS emphasize the leaming process,
accreditation, creativity, values and also the attitud@jof a
student who will later be applied in daily life, so SPS have a
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skills reviewed in this study consisted of basic SPS and
integrated SPS. The basic skills indicator consists of 1)
classification, 2) makes conclusions, 3) measures, while the
integrated skills indicator consists of 1) processing and
processing data, 2) explaining the relationships between
variables, 3) making graphs, 4) making hypotheses, 5) identify
the variable. Research questions in this study are:

1. How is the SPS of Physics Education students at
Universitas Jambi using both the conventional
Equilibrium practicum guidebook and the Equilibrium
practicum based on the SPS?

2. How is the Chemistry Education students SPS at
Universitas Jambi using both the conventional
Equilibrium practicum guidebook and the Equilibrium
practicum based on the SPS? g

3. Are there significant differences between students who
use conventional Equilibrium practicum guidebook and
students who use Equilibrium practicum guidebook based
on SPS?

The results of this study are expected to be considered for

using the Equilibrium practicum-based science process skill

guidebook at Universitas Jambi so that it can train students’

SPS at Universitas Jambi.

2 METHODOLOGY

Research Samples
is research was conducted on students of the Physics
Eucaﬁon Study Program and students of the Chemistry
ducation Study ram at Universitas Jambi. The sampling
technigue uses a total sampling technigue. The total sampling
technigque is a technique that allows researchers to take
samples from the entire population. The total sampling
technigue is used to minimize generalization errors from the
results of the study. The research sample was all students of
Physics Education andiEhemistry Education students with a
total sample of 201 students, consisting of 108 Physics
Education students, and 93 Chemistry Education students.

(12 Research Type
This research is a quantitative study with quﬂa experimental
type using a static group comparison design. In the
comparison group, study participants were not randomly
assigned to the two treatment groups, with posttest and
without pre-test [27].

ISSN 2277-8616

Figure 1. Design for comparison statistics’ group

The design of this study consisted of two groups consisting of
experimental and control groups. The step of deteffhining the
experimental group and the control group begins by giving a
pre-test in the form of multiple-choice questions for all study
samples. The pretest problem used has been tested to
determine its validity and reliability. Of the 50 multiple choice
questions, 36 valid and relinle questions were obtained with
alpha Cronbach .924. The pre-test data were then analyzed
using the normality test and homogeneity test. The analysis
shows that the data are normally distributed (sig. = .200 at the
5% significance level)@hd homogeneous (sig. = .948 at the
5% significance level). These results indicate that the cognitive
abilities of students in each class are the same, so there is no
significant difference between students in the experimental
group and the control group before being treated. The
experimental group was given treatment using a science
process skill-based practical guidebook. The results of the
group measurements treated are called O;. Whereas in the
control group no treatment was given, the control group used
a conventional guidebook on the Equilibrium material that
produced measurements called O..

2.3 Data Collection
Data collection techniques used observation sheets that were
filed in through the participant observation process.
Observations are made when students do Equilibrium
practicum. Observations were made by 20 observers using
observation sheets.

2.4 Data Analysis

Data from observations were analyzed using descriptive
statistics and inferential statistics. Descififfive statistics are
used to describe students'EBPS mastery in the experimental
class and the control class. Statistical parameters used include
Mean, Mode, Standard deviation, range, Maximum, and
Minimum. Also, mastery of each SPS indicator will be
presented in the frequency distribution table and graph. SPS
mastery in each indicator is divided into fo@ categories,
namely; poor, low, high, and excellent. The S mastery
category for each indicator is presented in Table 1. Inferential
statistics are used to answer the research hypothesis. Data
generated by the statistical group comparison design can be
analyzed by conducting tests. But if the score deviates far from
the normal distribution, it can be analyzed by the
nonparametric test which is most likely the Mann-Whitney U-
test [26]. Data analysis was performed using the SPSS v.24
application.

Table 1. Category of SPS Indicator Mastery

Category

Poor
Low
High
Excellent

3 01
X 2102
]
MNo Interval
1 1,00-1,75
2 1,76 -2,50
3 2,51 -3,25
4 3,26 - 4,00
3 RESULT AND DISCUSSION

Science process skills are a combination of all abilities needed
to acquire, develop, and apply scientific concepts, principles,
laws, and theories in the form of mental, Physics, and social
abilities [28]. Physics Education students and Chemistry
Education students come from different school backgrounds.

Therefore, the initial knowledge of students is greatly
influenced by the physics learning they get at school first. The
novelty of this research is to define the differences in
mastering the SPS of studglhts who use a science process
skill-based guidebook on ysics Education students and
Chemistry Education students at Universitas Jambi. In this
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study, the science process skills observed through the
Equilibrium material experiment are basic and integrated skills
with a total of 8 indicators namely 1) classifying, 2) inferring, 3)
measuring, 4) obtaining and processing data, 5) explaining the
relationship between variables, 6) arranging graphs, 7) making
hypotheses, 8) identifying variables.

Students' skills in investigating and processing science are

ISSN 2277-8616

seen from the way students obtain experimental data [20] [29].
Both of them are students from the department of natural
science who should have goodEgkills in processing science.
SPS mastery data of students in the experimental class and
the control class of each study program were tested for
normality, homogeneity test, and t-test.

Table 2. Results of normality tests in Physics Education study programs

Kolmogorov-Smimov

| df | Sig. _

Statistik
Experiment 0,096 | 41 .200
Caontrol 0,078

Based on Table 2, e normality test carried out at a
significance level of 5%, obtained significance values from the
experimental cla nd the control class in Physics Education
students namely .200. Based on the significant value it can be
concluded that the mastery of SPS data in the experimental

‘ 41 ‘ 200

1
class and the control class is normally distributed. This is

following the criteria if Sig= 0.05, then the data are normally
distributed [26].

1
Table 3. Homogeneity test results of Physics Education study programs

Statistik
Levene df1 df2 Sig.
0,024 1 106 0.878

Bas n Table 3, the homogeneity test at the 5% significance
level obtained a significance value of 0.878. Based on the
significance of the results it can be concluded that the mastery
of SPS data from the experimental group and the control

group students have the same variant. This is following the
criteria if the value is sig. > 0.05, then the two data tested are
homogeneous.

Table 4. T-test results of independent samples of Physics Education study programs

Sig. (2-
Mastery SPS [ ] df tailed)
Equal variances assumed 12.534 106 0,000
Equal variances not assumed 12.534 105.397 0,000

Based on Table 4, the results of the independent sample t-test
at a significance level of 5%, obtained a significance value
(Equal variances assumed) of 0,000. Because of the value of

Sig. <905, it was concluded that there were significant
differences in SPS mastery in the experimental class and the
control class in Physics Education students.

Table 5. Results of normality tests in Chemistry Education study programs

Kolmogorov-Smimov *

‘ df ‘ Sig.

Statistic
Experiment 0.083
Control 0,113

Based on Table 5, the gormality test is camied out at a
significance level of 5%, obtained significance values from the
experimental class and the control class .200. Based on the
significant value it can be concluded that the mastery of SPS

|41 ‘200
,200°

‘41

galta in the experimental class and the control class is normally
distributed. This is under the criteria if Sig. > 0.05, then the
data are normally distributed [26).

Table 6. Test results for the homogeneity of the Chemistry Education study program

Statistic's
Levene df1 df2 Sig.
1,052 1 91 0,308
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Based on Table 6, the %mogeneity test at a significance level
of 5% obtained a significance value of 0.308. Based on the
significance of the results it can be concluded that the mastery
of SPS data from the experimental group and the control

ISSN 2277-8616

group students have the same variant. This is under the
criteria if the value is Sig. > 0.05, then the two data tested are
homogeneous.

Table 7. Test results for independent samples of t-test Chemistry Education study programs

Sig. (2-
Mastery SPS [ ] df tailed)
Equal variances assumed 10.637 a1 0,000
Equal variances not assumed 10.657 88.794 0,000

Based on Table 7, the independent sample t-test at a
significance level of 5%, Ebtained a significance value (Equal
variances assumed) of 0,000. Because of the significance

value> 0.05, it was concluded that there were differences in
SPS mastery in the experimental class and the control class.

Table 8. Results of analysis of statistical parameters from the Physics Education study program

ﬂ Std Quartile
Class ean Mode - Min Max
Deviation a1 Qz a3
periment 3,01 3 0.292443 2,16 | 3.56 2,87 | 3,01 | 322
ontrol 2,33 242 0,271102 1.79 | 2.84 213 | 235 | 255
In general, the value of stafistical parameters in the the quartile value in the control group. Based on these

experimental group was higher than in the control group. The
mean value of the experimental group (3.01) is greater than
the mean value in the control group (2.33). This is supported
by the quartile value of the experimental group greater than

parameters, it can be concluded that the SPS mastery of the
experimental clasnis better than the control class SPS
mastery described in Table 8.

Table 9. Results of analysis of statistical parameters of the chemistry education study program
Std. : Quartile
Class Mean Mode Deviation Min Max = - =
Experiment 2,87 2,82 0.341931 2,1 3.45 2,69 28 313
Control 2,18 1,94 0.285331 1,58 | 3.06 194 | 221 | 238

ﬂ general, the value of statistical parameters in the
experimental group was higher than in the control group. The
mean value of the experimental group (2.87) is greater than
the mean value in the control group (2.18). This is supported
by the quartile value of the experimental group greater than
the quartile value in the control group. Based on these
parameters, it can be concluded that the mastery of the
experimental class SPS is better than the control class SPS
mastery described in Table 9.

Information from Table 8 and Table 9 shows gat there are
significant differences in SPS mastery between students in the
experimental class m students in the control class, even the
difference between ¥hysics Education students and Chemistry
Education students. The information in Table 8 and Table 9
shows that Physics Education students have better SPS
mastery scores compared to Chemistry Education students.
This can be seen more clearly in Table 10, Table 11, Table 12,
and Table 13.

Table 10. Distribution of SPS mastery of experimental class students in Physics Education study programs

SPS' Aspect Indicator Category (%)
Poor Low High Excellent
Basic SPS Measuring 1 3 20 30
Inferring 2 17 33 2
Essilying 0 3 18 33
Integrated SPS taining and processing data 2 7 32 13
Explaining the Relationship between Variable 1 24 22 7
Arranging Graphs 2 g 25 ]
Making Hypothesis 4] 20 7
|dentifying Variables 8 38 6 1

From table 10, it can be seen that students who use SPS-
based practicum guidebook have good SPS in terms of basic

SPS or integrated SPS. In the experimental class, the
dominant indicator was Measuring with 30% of students in the
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Excellent category and 20% of students in the High category.
However, the dominant skill that is not well mastered is

ISSN 2277-8616

Identifying Variables ie 38% of students are in a Low category.

1
Table 11. Distribution of SPS mastery of conirol class students in Physics Education study programs

SPS' Aspect Indicator Category (%)
Poor Low High Excellent
Basic SPS Measuring 0 19 32 3
Inferring 21 28 4 1
gssifying 2 6 29 17
Integrated SPS taining and processing data 3 32 16 3
Explaining the Relationship between Variable 24 27 2 1
Arrangiﬁe raphs 20 17 15 2
Making Hypothesis 5 25 22 2
Identifying Variables 24 2= 4 3

Table 11 shows that the average mastery of SPS indicators in
the contfrol class is categorized as not good. The indicator
most mastered students is the Classifying indicator with
29% of students in the High category and 17% in the Excellent

category. The weakest indicator is Identifying Variables with
24% of students in the Poor category and 23% of students in
the Low category.

Table 12. Distribution of SPS mastery of Chemistry Education study program students in the experimental class

SPS'Aspect Indicator Category (%)
Poor Low High Excellent

Basic SPS Measuring 4 10 17 16
Inferring 2 3 27 5
Classifying 1 2 27 17

Integrated SPS Obtaining and processing data 1 9 17 20
Explaining the Relationship between Variable 5 21 15 6
Arranging Graphs 0 9 18 20
Making Hypothesis 1 25 20 1
Identifying Variables 5 26 15 1

gble 12 shows that the average experimental class student in
the Chemistry Education study program has mastered SPS
well. Classifying is the dominant indicator that is most
mastered by experimental class students in the Chemistry
Education study program. While the Identifying Variables

Table 13. Distribution of SPS mastery of Chemistry Education
study program students in the control class

indicator is the dominant indicatorf§at is at least controlled by
the experimental class students in the C istry Education
study program. This was also shown by Physics Education
students both in the experimental class and the control class.

guidebooks supports students in practicing their skills in
processing the science independently. The results of Ref's
research [25] state that the use of SPS-based guidebooks can

{Phprove students' SPS in tertiary institutions. It's just that, in

el viewing the basic SPS in the practicum

licums |l. Besides, Ref [32] also stated the

= hing. practicum guidebook developed in Basic
P%mem was conducted by a small group trial on

Edgcation stugents were involved but Chemistry Education

involved so the results of this study

Indicator Category
Poor Low High

Measuring 2 19 23ir Ph

Inferring 25 20 e

Classifying 4 9 T

Obtaining and processing data 9 31

Explaining the Relationship between Variable 29 16

Arranging Graphs 4 19

Making Hypothesis 7 35 students wereo also
Identifying Variables 17 25

induded studethts majoring in natural sciences at Universitas

1
Table 14S.h0ws that the average mastery of SPS indicators [
the control class of the Chemistry Education study program is
categorized as not good. The indicator [flost mastered by
students is the Classifying indicator. The indicator that is not
controlled by students is Explaining the Relationship between
Variable skill. Education is a processing effort by someone to
get knowledge, skills, and habits in life [30][31]. Based on
information obtained from tHE§SPS mastery score distribution,
it can be concluded that Physics Educatflh students and
Chemistry Education students have poor mastery of SPS.
However, students in the experimental class using the SPS-
based Equilibrium practicum guidebook showed the opposite.
Students can learn well about the purpose of the experiment,
the procedure of the experiment, and even be able to analyze
the results of the experiment using this practical guidebook.
This provides information that the use of SPS-based practical

Jambi. In this study, 8 indicators of basic science SPS and
integrated SPS science processes were reviewed, including 1)
Measuring, 2) Inferring, 3) Classifying, 4) Obtaining and
processing data, 5) Explaining the relationship between
variables, 6) Arranging graphs, 7 ) Making hypothesis, and 8)
Identifying variables. The importance of measuring skills for
students is that it can easily create data tables on the results
of experiments, and even be able to communicate the results
both orally and in writing (tables, graphs, and diagrams)
[32][33]. The ability to take measurements shows that students
can obtain good experimental results. The ability to measure
provides opportunities for students to use a variety of
measuring devices without damaging the measuring
instrument. In practicum activities, there are several things
observed by observers on the Measuring indicator, for
example measuring force through dynamometer, measuring
angles using arcs, reading scales on dynamometers and arcs,
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and determining measurement results. For physics education
students, the use of dynamometers and arcs is common, while
for Chemistry students, the use of dynamometers is new. This
can be seen when practicum, Chemistry Education stuflents
tend to ask questions about the use of dynamometers. In the
experimental class, students of Physics Education and
Chemistry Education students conduct experiments effectively.
Significant differences were also seen in the control class,
students tend to ask what should be measured in the
experiments they do. Besides, students in control classes also
tend not to be able to use time effectively due to difficulties
faced by students during practicum. In contrast to students in
the experimental class, they can distribute assignments so that
the measuring activities carried out can be completed to the
maximum. The results of the Measuring activity will help
students to conclude following the abjectives of the Equilibrium
experiment. Inferring skills can be observed in making reports
that are made after students obtain and collect data. Inferring
skills are basic skills that students should have. In the
experimental class, students can make conclusions from the
results of the experiments they do. Even students can also
relate their experimental activities to relevant theories. It's just
that students in the experimental class from each study
program show different ways of obtaining theories. Physics
Education students express their opinions following the
theories in the SPS-based practicum guidebook, the internet,
and their notebooks which are summaries of material obtained
while studying outside the laboratory. Whereas Chemistry
Education students only collect information from SPS-based
practical guidebook. Classifying is a basic skill that supports
other basic skills namely Measuring skills and Inferring skills.
Classifying skills is a skill often carried out by students so it is
not difficult for them to master this skill well. Classification
activities can be observed when students classify findings
(measurement data) of students during the experiment [14]
[34]. Classifying is the ability to identify similarities and
differences in various observed objects. Classification
activities carried out by students indfSded grouping the same
or opposite quantities. Classification is the ability to be able to
sort objects or phenomena into groups or orders, based on
observation or measurement or even both or grouping objects
or events is a way of imposing an order based on si rities,
differences, and interrelationships [33]. Students from both the
experimental class and the control class have good SPS
mastery in Classifying skills. The difference that is seen from
each class is that students in the control class are hesitant in
classifying the results of the experiments they get. Besides,
students in the control class also only use conventional
practical guidebook without looking for additional information.
Furthermore, indicators of obtaining and processing data,
viewed from the ability of students to display experimental data
in the form of data tables and graphs. Ref [29] also explains
that the process skills of collecting and processing data are a
skill to obtain information or data from the literature or
observation. In the experimental class, students are interested
in adding to the repetition of the experiment to obtain valid
data following the advice described in the e-module. Students
should have previous experience of observing, classifying, and
measuring before interpreting data [33]. The ability of students
to show their findings is closely related to the basic SPS
possessed by students. Based on Ref [34] the skills of
obtaining and processing data are influenced by the low skills
of students in classifying practical tools and materials. In

ISSN 2277-8616

explaining the relationship between variable skills, students in
the experimental class and the control class of each study
program showed different things. This skill can be observed
from the way students make a matching line on the graph they
made to explain the relationship between the measured
variables. Students in the control class are more likely to make
1 graph that only shows the relationship of 2 variables. While
students in the experimental classfEere able to make 2 graphs
that review 4 variables. Students in the experimental class of
the Physics Education study program are also able to explain
the meaning of the match lines on the graph. In contrast to the
experimental class of the Chemistry Education study program,
they tend to only make information on graphs but cannot
explain it according to the concept of the experiment they are
doing. The next aspect is making graphics. This skill is closely
related to the skills to make data tables, the better the skills to
make data tables, the better the skills to make graphs.
Students in the experimental class are in the Excellent
category, fhile students in the control class are in the High
category. dents in the experimental class were able to
identify the wvariables in the experiment, so they were
interested in making several graphs related to the variables
they identified. However, students in the control class only
graph the relationships according to the examples in their
modules. Some students are not interested in communicating
their findings through graphs. This shows that students do not
have a good attitude. Positive student attitudes toward physics
will have a sense of fun when the learning process takes place
[35]. Besides, the limitations of the findings presented through
the data table are one of the factors that make students lazy to
communicate their findings through graphs. The next skill
observed in this study is Making Hypothesis. This skill is
observed through the way students express their arguments
about the provisional conjecture before experimenting.
Students in the control class tend to be hesitant to submit their
hypotheses to the experiments they do, even some students
do not even give their arguments about hypotheses in
experiments. However, Physics Education students in the
control class gave their arguments by comparing them to the
aims of the experiment. In the experimental class, students are
directed with initial questions (tasks done before the
experiment) related to the experimental hypothesis. With this
initial question, students can formulate their experimental
hypotheses. As one of the integrated SPS, Identifying
Variables requires more advanced basic knowledge [33]. In
the aspect of Identifying Variables skills, 3 things need to be

served, namely the abilty of students to declare
independent variables, dependent variables, and constant
variables appropriately. In this aspect, some students in the
experimental class were hesitant to determine the control
variable. Meanwhile, some students in the control class,
hesitate to express the variables that exist in the experimental
activities. This is supported by Ref [29], from the results of
interviews, students have never practiced a micrometer screw
and they also do not understand the meaning of the variables
in an experiment. Students trust their friends' arguments more
than their ideas. As an asset of the nation, it needs to be
fostered in three aspects namely, cognitive, skills and
attitudes. From some of the indicators reviewed in the
observations made, it can be concluded that the students of
Physics Education at the Universitas Jambi have mastery of
SPS which are categorized as good. However, each class has
a dominant aspect of SPS, namely the identification of
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variables for the experimental clas#fland the investigative
analysis aspect for the control class. Advances in technology
have influenced students in their learning process [36]. Each
class has its way (attitude) to do the practicum. The aftitude in
learning is very important, even so with the attitude that exists
in learning towards courses in college [37]. Students in the
experimental class use the internet to obtain information that
supports the results of their experiments. Mastery of the SPS
of students classified as good in the experimental class shows
that the use of SPS-based Equilibrium practicum guidebook
allows students to develop their skills in processing their
science.

9 CONCLUSION

ased on the results of the research conducted it can be
concluded that Physics Education students have mastery of
SPS compared to ChemistrffjEducation students. This is
indicated by the Meﬁevalue in the Physics Education study
program of 3.01 for experimental class and 2.33 for the
control class. While th Mean value in the Chemistry
Education study program for the experimental class was 2.87
and the control class was 2.18. Besides, it can be concluded
that the use of SPS-based practicum guidebooks can develop
student skills in science processing as i ted by the
significant difference in SPS mastery scores of students in the
experimental class and students in the control class in each

study program.
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