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ABSTRACT 
Science and science instruction contains basic concepts of science as well as science process skills, which 
underlie the process of thinking scientifically that involves cognitive and investigation skills. Science process 
skills can be acquired and developed through learning. RICOSRE is one of the learning models that can be 
used to promote science process skills. This study aimed to investigate 1) an increase in students’ science 
process skills during the implementation of RICOSRE, and 2) the effect of RICOSRE on students’ science 
process skills in a Protista course. Concurrent triangulation design was employed in this study. The qualitative 
data analysis was performed using descriptive analysis, while t-test was conducted to analyze the quantitative 
data. The data were collected from the participants' answers to essay questions found in the pretest, mid-test, 
and post-test. The results of analyses showed that students' average scores improved by 19.10% from the 
pretest to the mid-test and by 20.83% from the mid-test to the post-test. It was also found that RICOSRE had 
an effect on the students’ science process skills (at a significance level of 0.000 < 0.05). The findings of the 
study, therefore, suggest that RICOSRE can be used to improve students' science process skills. 
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1. INTRODUCTION

Twenty-first-century learning typically focuses on 
understanding, analyzing, and solving everyday problems 
effectively. University or college students need to develop 
a set of skills and abilities to be able to live in society. One 
of the skills that have to be mastered by the students is 
science process skills. Science process skills involve the 
ability to ask questions in science and discover proper 
answers to the questions. These skills are not only useful in 
science but also the in students' daily lives and future. 
However, facts show that the majority of university students 
have poor science process skills. An observation conducted 
over three years (2015-2018) in a Protista course at the 
Department of Biology, Universitas Negeri Malang 
indicated that the students were unable to perform an in-
depth identification of an organism. Limited practicum 
experience and inadequate facilities resulted in the inability 
of the students to relate their findings to existing theories on 
Protist characteristics. As a result, the students could not 
achieve the desirable competencies, nor satisfactory scores 
in practicum tests, theory tests, and practicum reports. This 
was indicated by their low achievement in Protist tests 
during the 2015-2018 period, where the students achieved 
an average score of 58 in 2015, 64 in 2016, and 60 in 2017. 
Describing specimens were reported as the most frequent 
problem found by the students during the practicum tests. 
Science process skills are essential skills in scientific 
investigations, learning processes, and student research [1]. 
Science process skills consist of competencies that must be 

mastered and applied by university students through 
physical and mental activities so that science can be more 
effective in problem solving as well as individual and social 
development [2], [3]. Science process skills involve the 
ability to use thinking in collecting information [4] and aim 
to help students identify, observe, analyze, and hypothesize 
problems, draw a conclusion, and implement knowledge in 
real life [5]. Science process skills can be classified into 
basic and integrated science process skills. Basic science 
process skills are identified as the prerequisite skills of 
integrated science process skills [6]. Therefore, to develop 
integrated science process skills that can be used to solve 
problems and do experiments [6], students need to acquire 
basic knowledge of science [3].  
Integrated science process skills are divided into five 
indicators consisting of several descriptors. The first 
indicator is identifying and controlling variables. This 
indicator consists of five descriptors that are identifying 
independent variables, identifying dependent variables, 
identifying control variables, identifying extraneous 
variables, and controlling variables in an experiment. The 
second indicator is interpreting data, which consists of 
identifying relationships between variables based on graphs 
or tables, synthesizing the result of observation, and 
drawing a conclusion based on data obtained from an object 
pattern. The third indicator, which is formulating 
hypotheses, contains two descriptors that are identifying 
questions or opinions that can be tested and formulating 
questions or predicting the result of an experiment. The 
fourth indicator is defining operational terms, which 
consists of determining how to measure research variables, 
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defining research variables based on research interventions, 
and formulating the significance of the research. The fifth 
indicator, which is experimenting, includes identifying 
objects to be measured or compared in an investigation or 
an experiment, determining the appropriate design for the 
investigation or research to test the hypotheses, and using 
proper equipment to experiment [7]. 
Science learning can be more meaningful if the acquisition 
of skills or knowledge is framed in the constructivism 
paradigm. Learning environments should be created in such 
a way so that learning objectives can be achieved, and 
science process skills can be promoted [6]. RICOSRE 
learning model is expected to be able to develop students’ 
science process skills. RICOSRE learning model is 
organized to improve students’ higher-order thinking skills. 
The effectiveness of RICOSRE in enhancing students’ 
critical thinking skills, science literacy, and scientific 
argumentation skills has been evident [8]; however, the 
effect of RICOSRE on science process skills have not been 
ultimately revealed. 
RICOSRE learning syntax consists of reading, identifying 
the problem, constructing the solution, solving the problem, 
reviewing the solution, and extending the solution [8]. The 
first syntax, which is reading, engages students in activities 
for reading literature or articles that contain information 
related to the concept being learned. Reading is the 
coordination of affective and cognitive aspects that involves 
observation, focus, perception, memory, synthesis, analysis, 
and interpretation [9]. The second syntax of RICOSRE is 
identifying the problem based on an analysis of the content 
being learned as the first step to solving the problem [10], 
[11]. The result of the problem identification should be 
recorded by the students to proceed to the next stage. 
The third syntax is constructing the solution. At this stage, 
the students are allowed to explore and discover various 
alternative solutions from different aspects. The solution 
can be presented in the form of a temporary hypothesis or 
assumption [12]. This stage allows the students to learn to 
generate effective strategies to solve problems.  
The fourth syntax is solving the problem. At this stage, the 
best solution picked by the students is applied to solve the 
problem. This problem-solving activity is useful for the 
students since it involves thinking skills [13]. This syntax is 
then followed by the fifth syntax that is reviewing the 
solution. At this stage, the students discuss and share their 
ideas with other students to get feedback. They are also 
given a chance to elaborate on the result of the investigation 
and solution tryout. Exchanging ideas to construct solutions 
to problems creatively is perceived as a cognitive process 
that can have implications on students' literacy development 
and creative thinking [14]. Findings from the fifth stage are 
then used in the sixth syntax that is extending the solution. 
At this stage, students are provided with an opportunity to 
reflect on whether the solution has fulfilled the desirable 
condition or goal. The students are also allowed to make 
comparisons between alternative solutions. This activity is 
categorized into reflective thinking activity, which 
constitutes a part of higher-order thinking. 
Based on the previous description, it is clear that students’ 
science process skills can be promoted or empowered 

through RICOSRE. The current study aimed to investigate: 
1) an increase in students’ science process skills during the
implementation of RICOSRE, and 2) the effect of
RICOSRE on students’ science process skills in a Protists
classroom. It was hypothesized that there was a difference
between the participants’ pretest and post-test scores in
science process skills after the implementation of
RICOSRE learning model.

2. METHOD

2.1. Design of the Study 

A mixed-methods concurrent triangulation model was 
employed in this study, which means that the qualitative 
(QUAL) and quantitative (QUAN) data were given equal 
priority. Both QUAL and QUAN data were considered as 
the primary data [15] and used to reveal the improvement 
of the students’ science process skills after the 
implementation of RICOSRE learning model [16]. These 
data (QUAL and QUAN) were gathered using essay pre-, 
mid-, and post-tests. The concurrent triangulation design of 
this study is presented in Figure 1. 

Figure 1. Concurrent triangulation design 

2.2. Participants of the Study 

The purposive sampling method was used to select the 
participants of the study. They consisted of 31 students who 
were enrolled in Protista course in the even semester of 
2018/2019 at the Department of Biology, Faculty of 
Mathematics and Natural Sciences, Universitas Negeri 
Malang.  

2.3. Instruments 

The instruments of the study were divided into instruments 
for treatment and instruments for measurement. Instruments 
for treatment were comprised of Course Outline and 
RICOSRE-based Student Worksheet. This instrument for 
treatment has been through construct and content validity, 
which has shown the syntax of the RICOSRE learning 
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model visible. Instruments for measurement consisted of 
essay tests used to evaluate the students’ science process 
skills. Such in case with instrument for treatment, these 
questions for essay test has been through logic validity. The 
assessment was carried out through pre-, mid-, and post-
tests. The participants’ answers to the test questions were 
scored based on the science process skill rubric suggested 
by [7]. 

2.4. Qualitative (QUAL) Approach 

This study employed a qualitative approach to data 
collection and data analysis. The qualitative data were 
obtained using a pretest, a mid-test, and a post-test. The 
students' answers were compared to the indicators and 
descriptors of science process skills [7]. 

2.5. Quantitative (QUAN) Approach 

The quantitative data were gathered using a pretest and a 
post-test. A one-group pretest-posttest design was 
employed in this study. The students' pretest and post-test 
scores were analyzed using a t-test. The main prerequisite 
for a t-test is a normality test. Therefore, a normality test 
was conducted before going for the t-test. If the data were 
distributed normally, a paired sample t-test was performed. 
Conversely, if data normality and data homogeneity could 
not be fulfilled, the Wilcoxon test was conducted. The data 
collected were in the form of the students’ science process 
skills scores evaluated using a rubric [7]. 

2.6. Strategies for Data Analysis 

The qualitative and quantitative data were identified and 
analyzed separately. The results of the analyses were then 
combined and interpreted together [17] to draw an accurate 
conclusion on the students' science process skills.    

3. RESULTS AND DISCUSSION

3.1. The Quality of the Students’ Science 

Process Skills after RICOSRE  

The analysis of the qualitative (QUAL) data as the primary 
data to reveal the profile of the students' science process 
skills was conducted by comparing the students' answers 
with the science process skills indicators. The result of the 
analysis showed that there was a change in the students' 
score pattern from the pretest, mid-test, and post-test. The 
excerpts below contain examples of the students' 
unsatisfactory and fruitful answers to the tests' questions.    

Pretest Question: Phytophthora infestans is a Protist that 
can cause the late blight disease or decay in potato 

plants. This microorganism leaves white spots on the 
potato leaves that can spread throughout the body of 
the potato, then decompose the leaves and stems and 
stop the process of photosynthesis. This disease 
constitutes a significant problem in various countries. 
Fungicides application is the most common solution 
to this problem, but limited access to fungicides and 
fungus resistance to fungicides results in the inability 
to stop the disease from spreading continuously. What 
solutions can you provide to overcome this problem?" 

S’s Answer: By applying environmentally friendly 
pesticides that can destroy or eliminate 
bacteria/viruses that cause the late blight disease 

It was apparent that S’s answer did not yet correspond with 
all of the science process skills indicators. The student 
seemingly answered the question spontaneously without 
undergoing scientific thinking.  
G’s Answer: The solution is to find a new fungicide to 

eradicate white spot fungus on potatoes, which can 
cause complete rotting of the tubers. This fungicide 
should be composed of natural substances so that it 
does not damage the soil structure due to the excessive 
use of chemicals. 

Similar to S's answer, G's answer was not yet able to depict 
the student's science process skills.  Therefore, to 
examine their improvement, the students' answers to 
the mid-test questions which were more focused on 
science process thinking activity were analyzed, such 
as presented below. 

Midtest Question: Yuna and Lia want to investigate 
different types of algae at various pool depths. These 
algae will be bred for microscopic observation.   
a) Design the research and the procedures for
collecting the algae samples that can represent three 
different pool depths, and describe how to do the 
sampling!  
b) What do you do to keep the breeding algae alive?
c) What are the main characteristics that must appear
to show that what is observed is algae?”

S’s Answer: a) The research is carried out in the
same place but with different depths. The observation 
procedure starts by measuring the depth of the 
sampling location. Then, based on the result of this 
measurement, the three different depth points can be 
identified and marked. Once divided and marked, 
sampling can be done. Sampling is done by scooping 
or taking the algae directly by using bottles or other 
tools.  
b) The algae should be placed under direct sunlight
and in a nourishing environment, such as clean fish-
pond water. The algae have the body of the talus, with
a variety of forms of plant-like protists,
c) -

The student’s answer above showed that the indicator of 
identifying and controlling research variables had been 
fulfilled through the ability of the student to identify 
independent variables, identify dependent variables, 
identify control variables, identify extraneous variables, and 
control variables in an experiment. The fourth indicator of 
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science process skills that are defining operational terms 
was also depicted in the student's answer through the 
student's ability to determine how to measure research 
variables. Unfortunately, this answer had not 
accommodated other indicators of science process skills. 
G’s Answer: 

a) Research design:
• Determine the sampling location (a pond)
• Measure and record the depths
• Take the samples from each of the pond depths
• Put the algae on the prepared media
• Observe the algae samples
• Record the result of the observations

b) Nourish the algae and make sure that the algae get
enough nutrients from the pond water, enough air by
punching holes in the cover, and enough sunlight.
c) Algae are different from mosses because mosses
belong to the kingdom of Plantae (Bryophyta), while
algae are plant-like protists that do not belong to the
kingdom of Plantae.

The first indicator of science process skills that is 
identifying and controlling variables appeared in G's 
answer. Out of the five descriptors, G's answer only 
represented the student's ability to identify independent, 
dependent, control, and extraneous variable, while 
controlling variables was not depicted in the answer. 

The pretest and post-test were composed of similar 
questions. However, the following excerpt showed a change 
in student S’s mindset when answering the same question.  
S’s Answer: Late blight is indeed difficult to 

overcome. However, we can make various efforts to 
prevent late blight in potato plants by clearing the 
land from plant debris, planting healthy tubers, 
soaking the tubers first in a pesticide solution, and 
uprooting or burning plants that have been stricken 
with the disease. After that, the potatoes can be 
replanted in rotation, and the maintenance of the land 
should be prioritized. 

Student S's answer above contained the indicators of 
identifying and controlling variables, formulating 
hypotheses, and defining operational terms. The student 
was able to identify independent, dependent, control, and 
extraneous variables. Student S was also able to control 
variables in an experiment. Also, student S could 
successfully identify the problem and questions as well as 
make a prediction. Furthermore, student S also showed the 
ability to measure research variables, define research 
variables, and make meaningful and understandable 
formulation. 
G’s Answer: Using fungicides composed of chemicals 

can cause pest resistance; therefore, the alternative 
solution is to eradicate pests/fungi naturally. Some 
actions that can be done include using fungicides 
composed of organic materials, carrying out soil 
conservation/soil sterilization so that it is free from 
fungus, or by planting on healthy soils with antifungal 
susceptibility. 

The first indicator that is identifying and controlling 
research variables was shown in the student's answer. Based 
on the answer, it was evident that student G was able to 
identify independent, dependent, control, and extraneous 
variables as well as control the variables. The fourth 
indicator that is defining operationally was also indicated in 
the student's answer. Student G showed the ability to 
determine how to measure research variables, define 
variables based on the research treatment, and make 
meaningful and understandable formulation. 

The result of the descriptive analysis indicated that the 
students' average score improved by 19.10% from the 
pretest to the mid-test (from 38.84 to 50.53) and 20.83% 
from the mid-test to the post-test (from 50.53 to 60.83). It 
can be concluded that there was a 35.94% increase in the 
students’ average score from the pretest to the post-test. The 
result of the analysis can be seen in Table 1.  

Table 1. Paired Samples Statistics 

Mean N 
Std. 

Deviation 
Std. Error 

Mean 

Pre-test 
Science 
Process Skills 

38.84 31 15.32 2.75 

Post-test 
Science 
Process Skills 

60.83 31 11.06 1.98 

The improvement of the students’ science process skills 
through RICOSRE was indicated by the results of the 
descriptive (QUAN) and qualitative (QUAL) analyses. 
There was an increase in the students' average score from 
the pretest to the mid-test and from the mid-test to the post-
test. The statistics were also supported by an analysis of the 
science process skills indicators achieved by the students. 
These findings suggest that the students have shown the 
ability to think at a higher-order level, process information, 
and formulate solutions to problems [4]. It was also found 
that the students were able to think scientifically to solve 
various problems. This scientific thinking skill can be used 
by the students to deal with challenges in their daily life [5]. 

3.2. The Effect of RICOSRE Learning Model 

on the Students’ Science Process Skills  

The quantitative data were obtained from the results of the 
pretest and post-test. The normality of the data was tested 
using a normality test. The results of the normality tests 
conducted on the students’ pretest and post-test scores 
showed that the data were distributed normally with sig. 
(0.066) > 0.05 and sig. (0.167) > 0.05, respectively. Thus, 
data analysis could be performed using parametric statistics. 
A paired-samples t-test was done to investigate the 
difference between the students' pretest and post-test scores. 
The result of the t-test analysis was presented in Table 2. 
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Table 2. Paired-Sample t-test 

Paired Differences 

t df Sig. (2-tailed.) 

95% Confidence 
Interval of the 

Difference 
Upper 

Pair 1 Pretest Science Process Skills – 
Post-test Science Process Skills 

-16.94747 -8.915 30 .000 

Based on the result of the paired-sample t-test, it was found 
that sig. (0.000) > 0.05; therefore, the research hypothesis, 
which stated that there was a difference between the 
students' pretest and post-test scores, was accepted. The 
students' average score in the post-test was higher than that 
in the pretest; then, it can be concluded that RICOSRE 
learning models had a positive effect on the students' 
science process skills. This finding implies that the students 
possess the ability to identify problems, conduct an 
observation, do an analysis, formulate a hypothesis, draw a 
conclusion, and implement their knowledge in real-world 
contexts [5]. It also suggests that students have developed 
physical and mental skills to collect and manage 
information in various ways. These skills can be used by the 
students to predict and explain a phenomenon as well as 
solve a problem [5]. Science process skills are beneficial for 
processing new information in a real-world context. 
Equipped with these skills, it is believed that the students 
will be able to construct a new concept and understanding 
of science [18].  
Based on the findings of this study, it is clear that the 
RICOSRE syntax contributes positively to the students' 
science process skills. The first syntax, which is reading, 
engages the students in reading activities to prepare 
themselves before coming to the classroom. This syntax 
accommodates all the indicators of science process skills. 
Reading stimulates the thinking process and promotes 
students' positive attitudes toward science. Reading requires 
critical thinking, analysis skills [19], and problem-solving 
skills. Therefore, through reading, the students can gain a 
meaningful learning experience, apply science process 
skills, and construct information in science[6]. 
The second syntax is identifying the problem. At this stage, 
the students are trained to recognize problems found in 
science-related literature and encouraged to provide 
solutions to the problems [8]. The students are expected to 
be active in the problem-solving process so that learning can 
be more meaningful. This activity can also help the students 
improve the ability to explain a scientific phenomenon, 
design a scientific investigation, and evaluate it [20]. 
The third syntax that is constructing the solution to the 
problem requires the students to interact and discuss with 
their peers to evaluate alternative solutions that they have 
prepared earlier. This activity aims to generate a more 
relevant, focused, and comprehensive solution to the 
problem [20]. The group discussion can facilitate the 

achievement of the third indicator of science process skills 
that are formulating a hypothesis (descriptors: identifying 
questions or opinions that can be tested and formulating 
questions that can be tested in an experiment) [7]. 
Constructing the solution is part of an effective problem-
solving process. This syntax accommodates activities to 
fulfill the third indicator of science process skills that 
consists of determining how to measure research variables, 
defining research variables, and make meaningful and 
understandable formulation [7].  
The fourth syntax that is solving the problem motivates the 
students to execute their plan to solve the problem. At this 
stage, the students are allowed to express their opinions and 
develop strong arguments [21]. By solving the problem, the 
students are trained on how to build their knowledge, 
understand scientific methods, and develop science process 
skills [6]. This syntax facilitates the achievement of the fifth 
indicator of science process skills that are experimenting 
(descriptors: identifying objects to be measured or 
compared in an investigation or an experiment, determining 
the appropriate design for the investigation or experiment to 
test the hypotheses, and using proper equipment to 
experiment). The students will be encouraged to use 
effective strategies to look for relevant information that can 
be used to solve the problem and synthesized information 
from various sources [22] 
The fifth syntax that is reviewing the problem solution trains 
the students to evaluate the solution in terms of its accuracy, 
quality, and deficiency compared to other alternative 
solutions. This stage also empowers the students to assess, 
compare, and contrast various solutions to find the best [22]. 
The effectiveness of the solution produced at this stage 
needs to be re-examined in the following stage because, in 
a real-world context, there is no one single solution to a 
problem [23]. 
At the sixth syntax that is extending the problem solution, 
the students are encouraged to apply the solution to a similar 
problem found in a different context to ensure the 
effectiveness of the solution. Compared to the 
memorization techniques, the development of science 
process skills is more effective in helping the students solve 
problems, think critically, make a decision, and provide an 
answer to their curiosity [6]. 
RICOSRE learning model has been proven able to develop 
students’ science process skills and thinking skills through 
its syntax. Despite its apparent benefits, the effectiveness of 
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RICOSRE should be examined further using different 
instruments, and similar future research should involve 
more variables such as communication and collaboration 
that have not been covered in this study. 

4. CONCLUSION

The results of the study showed that RICOSRE learning 
model affected college students' science process skills. The 
syntax of RICOSRE that consists of reading, identifying the 
problem, constructing the solution, solving the problem, 
reviewing the solution, and extending the solution was able 
to improve the students’ science process skills in identifying 
and controlling variables, interpreting data, formulating a 
hypothesis, defining operationally, and conducting an 
experiment. 
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