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Abstract. Nowadays, it is not enough for future teachers if they are only equipped with abilities and
scientific skills, they need to apply their knowledge to real-world inside and outside the classroom. In fact,
the previous studies report their low knowledge in understanding science. This research aims to improving
students’ academic achievement and Science Process Skills (SPS) through Problem Solving Instruction (PSI),
and analyzing the correlation between both dependent variables. A quasi-experimental design was
conducted for six weeks at Muhammadiyah University of Ponorogo, Indonesia. Forty-eight prospective
elementary teachers completed Academic Achievement Test (AAT) and SPS Test (SPST). The reliability
coefficient Cronbach’s alpha of both tests was .81 and .86, respectively. Data were analyzed by using N-gain
score, Mann-Whitney U test and Spearman’s rho correlation at significance level .05. The findings indicate
that there is significant difference on academic achievement and science process skills between
experimental and control groups in favor of experimental group students, and there is a high positive and
significant correlation between both dependent variables. We recommend to the lecturers to use PSI as a
tool to promote students’ scientific skills and abilities to satisfactory performance in order to respond fast
changes in 215t century learning.
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INTRODUCTION

The transformation to 21st century learning needs big changes in developing thinking habit and
learning disposition which will create intellectual skills (Snape, 2012). This is featured by the
advance of digital technology that has changed the way we interact with people around us,
included interaction among students, students with the materials, and students with lecturers.
Lecturers in 21st century learning no longer transmits knowledge to students, however they have
to facilitate the acquisition of values, knowledge, and students competence by using inquiry
strategy to their classroom teaching practices (Bell, 2016; Dembo, 2001). Because lecturers’
domination has been reduced, then students must respond that change quickly and lecturers need
to prepare them to be long life learner for following the technology evolution.

One of the most important purposes in higher education is developing science process skills.
Science process skills (SPS) are a set of skills used by students to explore science phenomenon.
This is the basic for the most effective science investigation in helping students to understand the
concept of science and understand how scientists work and think (Akcay & Yager, 2016). That
skills need scientific thought support in order to learn the knowledge and find solution towards
problems. This skills are divided into two categories, they are; basic and integrated process skills
(Can, Yildiz-Demirtas, & Altun, 2017; Farsakoglu, Sahin, & Karsli, 2012; Feyzioglu, 2009;
Hernawati, Amin, Irawati, Indriwati, & Aziz, 2018; Irwanto, Rohaeti, Widjajanti, & Suyanta, 2017a;
Taskin-Can, 2013), covers observing, measuring, classifying, predicting, inferring, communicating,
then identifying and controlling variables, formulating and testing hypotheses, experimenting,
and drawing graphics. The usage of both of them depends on students’ cognitive development and
practical experience in building the knowledge. Science process skills correlate to formal
reasoning ability used to solve the problem by applying the knowledge that they learned
beforehand (Seung, Choi, & Pestel, 2016).

Scientific skills are often related to superior skills in improving investigation ability, until students
that acquire that skills can understand complex problem better (Giirses, Cetinkaya, Dogar, &
Sahin, 2015). However, the result of the prior studies conducted by some researchers show that
students’ SPS in Indonesia is still low (Irwanto, Rohaeti, & Prodjosantoso, 2018; Rani, Wiyatmo, &
Kustanto, 2017; Savitri, Wusqo, Ardhi, & Putra, 2017; Vebrianto & Osman, 2011; Wahyuni,
Indrawati, Sudarti, & Suana, 2017). The weakness in that skills can be seen from students’ inability
in measuring, applying the concept, interpreting, and communicating data (Irwanto, Rohaeti,
Widjajanti, & Suyanta, 2017b). Why did this happen? We assess that generally science teaching in
Indonesia still focuses on memorizing the science concept, teacher-centered, until students do not
get change to construct their science process skills, as conveyed by Prayitno, Corebima, Susilo,
Zubaidah and Ramli (2017). If the knowledge and scientific theory are told to students directly
without allowing them to think, then that teaching does not support scientific exploration process
(Aktamis & Ergin, 2008). The lack of hands-on experience certainly cause students’ failure in
acquiring useful scientific knowledge in solving the problem in the global society. Thereby, to
anticipate that failure, we assume that students science process skills need to be empowered
through problem solving strategy.

The challenges in science learning nowadays are not only about transferring the concept, but also
combining the skills, knowledge, and behavior to construct a concept through problem solving.
Yee (1994) views problem solving activities as learning situation to introduce the concepts,
develop the skills, and use their knowledge to solve all problems. Problem solving is defined as
complex and multi-layered skills required to formulate a new answer and create solution (Selcuk,
Caliskan, & Erol, 2008). Prevost and Lemons (2016) underlie problem solving as the process of
making decision in which students are presented with challenging task that cannot be solved
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automatically. The problem presented is not only about routine problem, but it reaches non-
routine problems that needs high level thinking skills. Thereby, the purpose of problem solving
teaching process is providing environment where students interact with one another and learn
how to study and solve problem (Nozari & Siamian, 2014) by using science process skills.

We agree that students who are equipped with problem solving skills can overcome complex
problem easily in their daily life (Irwanto, Saputro, Rohaeti, & Prodjosantoso, 2018; Ozrecberoglu
& Caganaga, 2018). Some evidence show positive impact of applying problem solving teaching
strategy towards students’ achievement. In Iran, Nozari and Siamian (2014) finds out that the
implementation of that method increases creativity and its components, such as fluidity,
originality, flexibility, and expansion. In Philippines, Cabanilla-Pedro, Acob-Navales and Josue
(2004) conducted research towards 26 grade six students and reveals that the usage of problem
solving in the classroom can improve their analysis skills significantly. Afterwards, Hu, Xiaohui
and Shieh (2017) reveals that problem solving teaching influence the attitude towards learning
and students’ achievement. Supportively, Aka, Giiven and Aydogdu (2010) also show that after
the course, students of experimental group had higher average scores in process skills and
achievement than control group. Finally, in Taiwan, Cheng, She and Huang (2018) report that
students of problem solving group significantly surpass traditional group in the case of scientific
knowledge, scientific concept, and scientific problem solving abilities.

However, few studies reported the effect of problem solving instruction towards science process
skills (Aka et al,, 2010; Geban, Askar, & Ozkan, 1992; Seyhan, 2015). Even, in Indonesia, there is
no study about the impact of that method towards students’ academic achievement and scientific
skills. Whereas, almost four decades ago, Bluhm (1979) and Ostlund (1998) emphasize that the
curriculum of science education at the university level needs to facilitate the prospective
elementary school teachers to understand how science process skills used in inquiry or problem
solving situation. Those skills are transferable skills that can be improved by using constructivist
teaching. The right chosen method is lecturers’ main reason to improve the process and learning
outcome. From those various reasons, this research aims to improve prospective elementary
teachers’ academic achievement and science process skills between students taught by using
problem solving instruction and conventional teaching method, examine whether there is
significant difference between those two groups, and analyze the correlation between both
dependent variables. As the benefits, lecturers can use various teaching methods, doing
innovation in learning and improve the learning that they manage until they have ability and
creativity in developing and improving the next more effective teaching program.

METHOD

Research Design

A quasi-experimental control group pretest-posttest design was performed in this study.
Experimental research design was employed to evaluate the effectiveness and the impact of the
programs that emphasize on the usage of comparative data as the context to interpret the findings
(Gribbons & Herman, 1997). This present study compares academic achievement and science
process skills between experimental group students taught by using problem solving instruction
and control group students taught by using conventional method for six weeks period in one
semester. To determine which teaching method that has significant effect towards the
performance of the prospective elementary teachers, pretest and posttest control group design
was conducted (Table 1).

Table 1. Pretest and posttest nonequivalent control group design

Groups Pretest Treatment Posttest
Experimental 01 PSI 02
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Control 01 - 02

Samples

Samples covered 48 students (13 males, 35 females) on the first year who attended Basic Science
Concept course at Department of Elementary School Education, Muhammadiyah University of
Ponorogo, Indonesia, in the first semester of academic year 2017/2018. Experimental group
consisted of 24 students (4 males, 20 females) and control group consisted of 24 students (9
males, 15 females). The number of male students was 27.08%. The average age of samples were
19 years old, among 18 to 21 years old.

Data Collection Instruments

Two instruments were used in this research, they were Academic Achievement Test (AAT) and
Science Process SKills Test (SPST). The AAT was developed by the researchers to measure the
students’ academic achievement. It consisted of 5 essay questions covered Energy concept and
momentum and Forces and motion. This tool was designed in accordance with Bloom'’s revised
taxonomy that covered analyzing, evaluating, and creating levels (Krathwohl, 2002) in the amount
of 2, 2, and 1 item, respectively. The minimum and maximum scores that could be obtained by
each student were 0 points and 100 points respectively. The reliability coefficient of Cronbach’s
alpha was calculated in the amount of o = .81.

While the SPST was developed by the researchers to measure the students’ science process skills.
It consisted of 5 essay questions covered inferring, predicting, classifying, formulating hypotheses,
and drawing graphics skills, adapted from Can et al. (2017), Farsakoglu et al. (2012), and
Feyzioglu (2009). The minimum and maximum scores that could be obtained by each student
were 0 points and 20 points respectively. The reliability coefficient of Cronbach’s alpha was
calculated in the amount of o = .86. All instruments were developed by the researchers, and
validated by senior science lecturers and instructional experts from Muhammadiyah University
of Ponorogo. Based on the results, both instruments were stated reliable because the reliability
coefficient of both instruments was above acceptance limits .70 (Hair, Black, Babin, & Anderson,
2010).

Procedures

The researchers asked for permission from The Head of Department of Elementary School
Education, Muhammadiyah University of Ponorogo, before conducting the research. Additionally,
none of prospective elementary teachers refused to participate as respondents. The research was
conducted for 4 months, started from February until May 2018. During the research, students in
experimental group were taught by using problem solving instruction, while students in control
group were taught by using conventional teaching. Data of academic achievement and science
process skills were collected twice, at pretest and posttest. Before starting the research, both
instruments were applied in both groups as pretest. Then, students followed face-to-face course
for 100 minutes per week. During the treatment, both groups were taught by the same lecturer.
After the treatment, posttest was given to both experimental and control group. Table 2 showed
the syntax of problem solving instruction adapted from Gok (2010), Polya (1957) and Selcuk et al.
(2008).

Table 2. The syntax of problem solving instruction in experimental group

Stages Activities
Understanding the problem Students read and re-read the problem, identify the obstacles in the
problem, determine important information in the problem, and rewrite
the problem in various forms (paraphrasing the problem, drawing the
picture, diagram, or graphic about the problem).
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Devising a plan Students identified principles, regulations and laws about the problem,
looked for the connection between the data and the unknown, and
arranged plan to reach the unknown.

Carrying out the plan Students used the findings at the second stage to solve the problem then
examined each correctness of the stages.
Looking back Students examine the result of problem solving, arguments, and the

answers carefully.

Data Analysis

Data analysis was started by assessing each student’s answer at each instrument. Because the size
of the samples was classified small (less than 30 students), the quantitative data analysis used
non-parametric statistics (Bernard, 2000; Green & Salkind, 2008). While descriptive statistics was
used to obtain sample characteristics that covered mean, standard deviation, maximum and
minimum score. Mann-Whitney U test was done to test the mean difference between two groups,
and Spearman’s rho correlation was employed to analyze the correlation between academic
achievement and science process skills. N-gain was used to measure the difference between
pretest and posttest by using Hake's (1999) formula. It was done at significance level .05 by using
statistical program SPSS 17.0

RESULTS

The research findings were described in detail in this section. At the beginning of the course, the
results of pretest obtained from the research were compared to explain the achievement
difference between experimental and control group by using U test (Table 3).

Table 3. Pretest academic achievement score of experimental and control groups

Mann-Whitney U test

Sub-Dimension  Groups N Mean Rank  Sum of Ranks U D

. Experimental 24 26.44 634.50

Analyzing Control 24 22.56 541.50 241.500 294
, Experimental 24 25.19 604.50

Evaluating Control 24 23.81 571.50 271500 701
. Experimental 24 21.46 515.00

Creating Control 24 27.54 661.00 215.000 079
Experimental 24 24.75 594.00

Overall Control 24 24.25 582.00 282.000 898

Table 3 shows that, overall, pretest academic achievement score of experimental group students
was slightly higher than control group, even though mean rank between both groups was not
significantly different (U=282.000; p>.05). In detail, there is no significant difference between
both groups in all sub-dimensions (p>.05). Thereby, it can be concluded that before the treatment
was conducted, students had equal ability.

Table 4. Pretest SPS score of experimental and control groups

Mann-Whitney U test

Sub-Dimension Groups N Mean Rank Sum of Ranks U D
: Experimental 24 22.75 546.00
Inferring Control 24 26.25 630.00 246.000 237
i Experimental 24 24.42 586.00
Predicting Control 24 24.58 590.00 286.000 963
Classifying Experimental 24 23.29 559.00 259.000 501
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Mann-Whitney U test

Sub-Dimension Groups N Mean Rank Sum of Ranks U D
Control 24 25.71 617.00
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Table 4 showed that, overall, pretest SPS score of control group students was slightly higher than
experimental group. In detail, we also found the similar trend in all sub-dimensions. However,
mean rank between both groups was not significantly different (U=268.000; p>.05). It can be
concluded that at the beginning of the course, students had equal scientific skills.

Table 5. Posttest achievement score of experimental and control groups

Mann-Whitney U test

Sub-Dimension  Groups N Mean Rank  Sum of Ranks U D

. Experimental 24 32.21 773.00

Analyzing Control 24 16.79 403.00 103.000 000
. Experimental 24 33.46 803.00

Evaluating Control 24 15.54 373.00 73.000 000
. Experimental 24 30.90 741.50

Creating Control 24 18.10 43450 134.500 000
Experimental 24 35.23 845.50

Overall Control 24 13.77 330.50 30.500 000

Table 5 showed that posttest academic achievement score between experimental and control
group was significantly different (U=30.500; p<.05). In detail, there was significant difference
between both groups in all sub-dimensions (p<.05). Experimental group students had higher
mean rank compared to control group (the difference was 21.46). Achievement score difference
at the end of the course indicates the existence of the instruction method intervention during the
application. It can be concluded that problem solving method significantly influence students’
academic achievement.

Table 6. Posttest SPS score of experimental and control groups

Mann-Whitney U test

Sub-Dimension Groups N Mean Rank  Sum of Ranks U D
. Experimental 24 30.00 720.00
Inferring Control 24 19.00 456.00 156.000 002
i Experimental 24 28.50 684.00
Predicting Control 24 20.50 492.00 192.000 020
o Experimental 24 28.50 684.00
Classifying Control 24 20.50 492.00 192.000 022
Formulating Experimental 24 29.25 702.00
Hypotheses Control 24 19.75 474.00 174.000 010
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Mann-Whitney U test

Sub-Dimension Groups N Mean Rank  Sum of Ranks U D

Drawing Experimental 24 32.29 775.00

Graphics Control 24 16.71 401.00 101.000 000
Experimental 24 34.56 829.50

Overall Control 24 14.44 346.50 46.500 000

Table 6 showed that posttest SPS score between experimental and control group was significantly
different (U=46.500; p<.05). Experimental group students had higher mean rank compared to
control group (the difference was 20.12). SPS score difference at the end of the treatment showed
the existence of students’ cognitive skills development in experimental group. It can be concluded
that problem solving method significantly influence their scientific skills.

Table 7. N-gain scores of experimental and control groups

Academic Achievement Science Process SKkills
Groups Experimental Control Experimental Control
Posttest 88.13 70.42 18.04 15.46
Pretest 55.63 55.42 10.71 10.88
N-Gain .73 34 .79 .50
Category High Moderate High Moderate

In order to explain how much was the improvement of students’ performance in both groups, N-
gain was employed. Experimental group students showed more superior gain score in both
dependent variables compared to control group. They noted improvement in the amount of .73
and .79 on academic achievement and science process skills, respectively.

Table 8. Spearman’s rho correlation between academic achievement and science process skills

Academic Achievement N p
Science Process Skills r=.553" 48 .005
Note: *p <.01

The last research purpose was to analyze the correlation between academic achievement and
science process skills among prospective elementary teachers in experimental group. Based on
data analysis (see Table 8), we found out the existence of strongly positive and significant
correlation between students’ academic achievement and science process skills (r=.553; p<.05).
[t can be concluded that students’ SPS improvement taught by using problem solving method can
increase their academic achievement.

DISCUSSION

Problem solving covers scientific thinking process that involves scientific process (e.g., findings,
investigation, and critical thinking) that does not only need content information but also using the
right method (Aka et al., 2010). This present study aims to identify significant difference between
academic achievement and science process skills of prospective elementary teachers taught by
using problem solving and conventional teaching methods, then investigates the correlation
between those two dependent variables. The findings in this research are explained in detail as
follows. The first, based on the pretest score, students in experimental and control group had
equal achievement. The reason for that finding, we observed that before the treatment, the course
tended to be conducted by using traditional lecture approach. This result is in line with Aka et al.
(2010), Caliskan, Selcuk and Erol (2010) and Gok (2014) who conclude that students taught by
using conventional method tend to have low achievement. Students’ low performance can be seen
from their inability in absorbing information and lack of mathematical concept understanding
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presented in the essay test, almost the same like findings by Rohmah and Sutiarso (2018). This is
because in traditional didactic teaching, students learn the knowledge passively until they missed
much time and ability to build knowledge, as reported by Hu et al. (2017). Thereby, it is not
surprising if both groups have similar pretest score.

The second, the application of problem solving instruction has significant impact towards
students’ academic achievement and science process skills in experimental group. Our results
demonstrate that problem solving group show significantly better posttest score than
conventional group in both dependent variables. Furthermore, we also investigate the
improvement of students’ pretest and posttest score in both groups. The result of the analysis
show gain score of students in control group tend to experience little improvement, however
either their pretest or posttest was moderate, while students in experimental group experience
improvement from moderate to high after the instruction. Why are students in experimental
group more superior? This is because problem solving involves actionable knowledge that propels
the transfer of knowledge across domain and different context, until students more recognize the
type of the problem and easier in applying the solution related to that problem (Cheng et al., 2018;
Ozrecberoglu & Caganaga, 2018).

We also believe that students’ high posttest score is related to problem solving task presented
during the instruction. Problem solving task is assumed to be able to develop higher thinking level
such as justifying, generalizing, comparing, synthesizing, and analyzing through inquiry
investigation and situation analysis (Cabanilla-Pedro et al., 2004). In addition, in this instruction,
lecturer act as a facilitator that stimulate students’ initiative, focus on learning process, construct
their thinking ability and non-routine problem solving skills. Consequently, students who are
equipped with problem solving skills can interpret problem statement correctly, plan the solution
in detail, and use more metacognitive process (Yee, 1994; Hassan & Rahman, 2017). Therefore, in
line with that principle, students exposed to problem solving instruction show more dominant
performance compared to students in conventional group.

Consistent with our findings, Tosun and Taskesenligil (2013) investigate 84 freshmen who took
General Chemistry-II course and find out that problem-oriented instruction is more effective than
conventional teaching in improving scientific process skills, access and use knowledge, work in
collaboratively in group and study independently. Gilinter and Alpat (2017) revealed that
experimental group of prospective chemistry teachers had higher academic potency, few
misconceptions and had better understanding about electrochemistry concept. Afterwards, Tatar
and Oktay (2011) involved 48 third-grade university students on teaching the first law of
thermodynamics and reported that learning that facilitated students to overcome the problem
had positive effect towards learning abilities and science process skills. Even, Yalcin, Karahan,
Karadenizli and Sahin (2006) agreed that problem-based instruction positively influenced
scientific process skills and problem solving of the students in short time. Lastly, Seyhan (2015)
also reported that the application of problem solving had significant impact towards scientific
process skills and logical thinking abilities of prospective science teachers. From those various
findings, it is necessary to remember that problem solving instruction can propel content
knowledge development and various skills needed by students in learning science efficiently, as
mentioned by Wilder (2015).

In the contrary to these findings, Kizkapan and Bektas (2017) reported that there was no
significant effect of posttest achievement score of grade seven students who were exposed to
problem-oriented instruction and students who were exposed to traditional instruction. Further,
Armagan, Sagir and Celik (2009) also reported that there was no significant difference of posttest
score between experimental group taught by using problem solving instruction and control group
taught by using traditional method after learning chemical reaction rates. We predict the different
findings probably caused by different environment, learning style, prior knowledge,
characteristics of teachers and students, curriculum, work experiences, and age (Akyiiz, 2006; Ari
& Bayram, 2011; Erdogan, Bayram, & Deniz, 2008; Lin, Yen, Liang, Chiu, & Guo, 2016; Tatar,
Tiiysiiz, Tosun, & ilhan, 2016; Yazicilar & Giiven, 2009). Thereby, it is important for lecturers to
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understand the factors that can influence students’ performance in learning and solving the
problem. This aims to make an effective process and optimizing the learning outcomes.

Finally, we found out strongly positive and significant correlation between academic achievement
and science process skills in experimental group. Our finding is supported by Feyzioglu (2009)
who reports that there is positive correlation and significantly linear between science process
skills and academic achievement among students who take General Chemistry course. In other
studies, (Baser & Durmus, 2010; Durmaz & Mutlu, 2014; Ozgelen, 2012; Yildirim, Calik, & Ozmen,
2016) also reveal that there is a strong correlation between students’ achievement and their
science process skills. Even though in the previous research, Aydogdu and Ergin (2008) report the
correlation between science process skills and academic achievement of prospective science
teachers is positive moderate. In this context, we conclude that students’ science process skills
improvement influence their achievement. Cabanilla-Pedro et al. (2004) emphasize that the usage
of problem solving strategy statistically can improve students’ analyzing skills. As we know,
“analyzing” is one of cognitive domain in higher order thinking skills in accordance with Bloom’s
taxonomy (Krathwohl, 2002). Thereby, students’ achievement can be improved through problem
solving strategy. We suggest that problem solving instruction is used intensively to improve
students’ science learning achievement thoroughly.

CONCLUSIONS and SUGGESTIONS

In this study, the impact of problem solving instruction towards academic achievement and
science process skills has been compared to conventional teaching method. Based on the analysis
at the end of the course, problem solving gives positive impact towards the performance of
prospective elementary teachers. There is greater increase on experimental than control group. It
is found out that the gain achievement score of experimental and control group students obtained
in the amount of .73 and .34 (.39 higher), while students’ gain scientific skills score obtained in
the amount of .79 and .50 (.29 higher), respectively. Additionally, the results of Spearman’s rho
correlation show that there is highly positive and significant correlation between achievement
and science process skills. It means, the higher students’ achievement, the higher their scientific
skills. Thereby, problem solving method has significant effect towards students’ learning abilities
compared to conventional teaching group.

Further research is needed to examine the effects of problem solving towards students’
achievement and scientific skills in terms of educational level, academic majors, and other courses.
In this research, there was no method applied in control group. The next similar research can
compare these with other constructivist learning method, such as problem-based learning,
inquiry-based learning, process-oriented guided-inquiry learning, project-based learning,
research-based learning or other methods that have potency to give big impact. This is because
the instructional method is one of the most important factors in improving student achievement
and the key to promote their conceptual change, as explained by Lin et al. (2016). Arguably, the
effect of problem solving instruction towards attitude, interest, motivation, and students’ thinking
habits need to be investigated.
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