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ABSTRACT

This research is aimed to analyze the profile of students’ science process skill
(SPS) by using instrument two-tier multiple choice. This is a descriptive research
that describes the profile of students’ SPS. Subjects of the research were 10th-
grade students from high, medium and low categorized school. Instrument two-
tier multiple choice consists of 30 question that contains an indicator of SPS. The
indicator of SPS namely formulating a hypothesis, designing experiment,
analyzing data, applying the concept, communicating, making a conclusion.
Based on the result of the research and analysis, it shows that: 1) the average of
indicator achievement of science process skill at high categorized school on
formulating hypothesis is 74,55%, designing experiment is 74,89%, analyzing
data is 67,89%, applying concept is 52,89%, communicating is 80,22%, making
conclusion is 76%, 2). the average of indicator achievement of science process
skill at medium categorized school on formulating hypothesis is 53,47%,
designing experiment is 59,86%, analyzing data is 42,22%, applying concept is
33,19%, communicating is 76,25%, making conclusion is 61,53%, 3) the average
of indicator achievement of science process skill at low categorized school on
formulating hypothesis is 51%, designing experiment is 55,17%, analyzing data is
39,17%, applying concept is 35,83%, communicating is 58,83%, making
conclusion is 58%.
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INTRODUCTION

The aim of education and science education is to educate individual who can
adapt to a different condition, thinking flexibly, asking actively, creatively and
critically, being able to solve problems and to respect others’ opinion (Aktamis &
Yenice, 2010). Physics learning process is truly aimed to develop students’
thinking skill, provide knowledge and understanding, and evolve knowledge and
technology (Depdiknas, 2006). Physics is an essential subject in the curriculum at
school because of its contribution to the development of science and technology
in society (Eraikhumen & Ogumogu, 2014).

Indonesian education system has a standard of students’ graduate competence.
Graduate competency standard is a qualification of graduate competence that
consists of attitude, knowledge, and students’ skill. Those aspects must be
fulfilled in one level of basic and middle education (Depdiknas, 2003)

In curriculum 2013 that is applied in Indonesia, teachers are demanded to be able
in applying scientific approach. The learning process is conducted by using a
scientific approach that consists of some activities such as observing, formulating
questions, attempting or collecting data with various techniques, associating or
analyzing or processing data, concluding and communicating the result that
consists of conclusions to obtain knowledge, skill, and attitude. The success of
learning process can be seen from an assessment conducted by students. The
assessment in the learning process by using scientific approach must be able to
measure the skills. Therefore, the assessment instrument of science process skill
must be developed in some aspects such as the cognitive aspect of the two-tier
test, students’ self-assessment, classmates’ assessment and work assessment
(Wulandari, et al., 2015)

In curriculum 2013, it is explained that students’ assessment in the learning
process is quite related to thinking skill. Students’ thinking skill in building new
concept in science learning process can be trained through the development of
science process skill. Science process skill is suitable for science learning process
because it must be directed to activate students, to give direct experience to
students and to train their thinking skill in the learning process (AAAS, 1989).

Science process skill is not handed skill using tools but it is a thinking skill by
using science process. Therefore, the main tests can be conducted in written test in
which it needs a tool to complete that main test (Tawil & Liliasari, 2014). Science
process skill does not include the assessment that will affect the useless learning
process. Therefore, it needs to conduct an assessment that suitable for science
process skill (Harlen, 2013).

The instrument of Two-tier Multiple Choice (TTMC) consists of 2 section. The
first section (first tier) is similar to multiple questions. It consists of a questions
item or an answer option, one of which is the correct answer and the rest are
distractors. In the second section, students are asked to state the reason why they
selected a particular option. The second section (second tier) of the test is a
multiple choice format with options containing common student misconceptions
identified in the literature or via interviews, or a multiple choice format where one
of the options is open-ended (Karatas, et al., 2003).
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Through instrument of TTMC, students’ process skill can be explored. In
addition, teachers can also recognize students’ understanding of the certain
concept. Science process skill cannot be separated with concept understanding
used in science learning process and its application. However, the importance of
this skill must also be applied to another subject because the main aspect of the
learning process is understanding informal education and daily life. This case
becomes the reason for the importance of science process skill assessment
(Harlen, 1999).

There are many former researchers who state the importance of science process
skill in science learning process. The advantages of science process skill as
follows; science process skill support students to improve scientific inquiry
ability, improving students’ verbal ability during discussion and interpretations,
get results together in educational environments where students learn together,
and make students’ natural curiosity (Setlage & Southerland, 2007). Science
process skill is important in learning science. Therefore, it needs profile analysis
of students’ science process skill. The analysis uses assessment instrument of two-
tier multiple choice.

METHOD

This research is a descriptive research using a qualitative approach. The design of
descriptive research uses a sample from experiment to document, to describe, and
to explain whether there is a phenomenon or not. A qualitative approach is used to
count the percentage of students’ science process skill of each category school.
Research subjects were 10th-grade students in the academic year of 2016/2017.
There are 148 students from high, medium, and low categorized school in
Surakarta. The category is based on the score of national examination at the latest
four years. Data of science process skill is obtained from students’ test using
assessment instrument of two-tier multiple choice. Data that consists of the result
of students’ test is used to analyze the achievement of each indicator of science
process skill. The indicators are formulating a hypothesis, designing experiment,
analyzing data, applying the concept, communicating and making a conclusion.

RESULT AND DISCUSSION

Data from this research collected from students’ answer using the two-tier
multiple-choice instrument. The instrument consists of 30 questions with contains
science process skill indicators and each indicator consist of 5 questions. Before
tested to sample, instrument two-tier multiple choice analyzed its feasibility. If it
is proper, the instrument is tested to 148 students from high, medium and low
categorized school in Surakarta. The result of test analysis can be seen in Table 1.

Table 1. The indicator achievement of students’ science process skill.

School category Science Proc_ess Skill (SPS) Achievement pf science
Indicator process skill (%)
High Formulating a hypothesis 74,55
Designing experiment 74,89
Analyzing data 67,89
Applying the concept 52,89
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Communicating 80,22
Making a conclusion 76
Medium Formulating a hypothesis 53,47
Designing experiment 59,86
Analyzing data 42,22
Applying the concept 33,19
Communicating 76,25
Making a conclusion 61,53
Low Formulating a hypothesis 51
Designing experiment 55,17
Analyzing data 39,17
Applying the concept 35,85
Communicating 58,83
Making a conclusion 58

Table 1 shows that the average percentage of indicator achievement of science
process skill on high, medium and low categorized school. Based on data from
table 1, it can be seen that the average achievement is various on each school. The
difference of average percentage on each indicator can be seen in Figure 1.
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Fig. 1: The average percentage graphic of indicators achievement of science
process skill on high, medium, and low categorized school.

Figure 1 shows the percentage graphic of the achievement average of indicators of
science process skill on high, medium, and low categorized school. Based on the
graphic at figure 1, the highest achievement is at high categorized school. The
difference among three schools is not quite significant. On indicator of applying
the concept, the achievement percentage at low categorized school is higher than
at medium categorized school.

The lowest percentage indicator is on applying the concept. This indicator is
related to students’ conceptual understanding. Concept understanding and physics
learning process are related to each other. Concept understanding makes students
can transform knowledge become multiple representations and apply in daily life.
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Concept understanding from various physics concepts that have been obtained at
schools can use as adequate basis and physics knowledge to the advance of the
development of knowledge and technology. They are also expected to apply this
knowledge in daily life (Omesewo, 2009).

Another indicator that has low achievement is a skill of analyzing data. This
indicator is related to students’ skill in doing lab work and applying concept on
their own. Data of students’ analysis is from lab work activity. It has been adapted
from the concept they have learned. The low skill in analyzing data shows that
students have not been able to conduct lab activity well. Science process skill is
developed based on laboratory activity. Through laboratory activity, students gain
meaningful learning, use science process skill, and understand the process on how
they construct information in physics learning process.

The low percentage of the indicator is caused by competence test assessment that
only focuses on concepts. In addition, teachers unable to develop an instrument
that can be used to measure students’ science process skill. The solution is giving
training to the science teachers about science process skill and its indicators and
assessments. Through the training, teachers expected can apply their knowledge
in developing science process skill to the students (Sukarno, et al., 2013)

It needs an instrument that can assess students’ science process skill. The
assessment of students’ science process skill is conducted by using an instrument
of two-tier multiple choice. Two-tier multiple choice is 2 level test instruments
that can solve the weakness of multiple choice instrument in which students only
guess the answers. Two-tier multiple choice is more complicated than the
common multiple choice. The first level (first tier) is almost same as traditional
multiple-choice (Multiple Choice Question/MCQ), in which it usually concerns
with knowledge aspect. The second level (two-tier) is almost same as traditional
multiple choice but its purpose is to improve high-level skill and expressing
reason skill (Adodo, 2013).

The instrument of two-tier multiple choice can be used to analyze the profile of
science process skill by applying a scoring technique of Graded Response Model
(GRM). GRM is one of the models that are developed to handle scoring on
polytomous questions (De Ayala, 1993). The guidance of assessment instrument
scoring of two-tier multiple choices by applying GRM is presented in Table 2
(Yamtinah et al., 2016).

Table 2. Scoring on the instrument of two-tier multiple choice

No  Assessment aspect Score
1 Do not choose any answer and reason, or wrong answer-wrong reason 0
2 Wrong answer-correct reason 1
3 Correct answer-wrong reason 2
4 Correct answer-correct reason 3

The assessment of students’ science process skill using GRM eases the teachers in
scoring. Besides, teachers can recognize students’ understanding through answers
at the first and the second level. Therefore, this instrument can help teachers to
make students’ profile.
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Students’ profile can support teachers’ information to know how far the indicator
has been achieved and what the students’ difficulty is. Teachers can also conduct
an analysis of indicator achievement. Therefore, teachers can make a profile of
science process skill. Analysis of profile of science process skill is made with the
help of Microsoft Excel. This kind of analysis is developed by a research from
Wulandari et al., (2015) that analyzes students’ understanding of hydrolysis
material. Answer key, students’ answer and indicator on each question are
processed into Microsoft Excel to obtain indicator achievement of students’
science process skill. Profile display of science process skill can be seen in Figure
2a and 2b.

STUDENTS SCIENCE PROCESS SKILL PROFILE
Students' Identity

Name NN
Number 7
Class XMIA L
- Indicator
Number Score Achieved Have not achieved Science process skill achieved
Being able to determine factors and the
1 3 relationship between variable that - Making conclusion
affecting heat energy
Being able to determine factors and the
3 3 relat{oTlship between var{.able that Making conchusion
affecting heat energv to increase
temperature
Creat graphs the relationship between
3 1 Being able to determine factors affecting |temperature and heating time by taking )
increase of temperature into independent variables and dependent
variables
Being able to design experiments and
explain the processes needed to determine L .
* 3 the heat relations with temperature ) Desigaing experiment
changes.

Fig 2a: The example of display profile of students’ conceptual
understanding using Microsoft Excel program (1% part or the beginning part)

Being able to formulate hypotheses based

28 3 on experimental objecli_ves on the principle ) Formulating hypothesis
of Black and apply basic concepts of the
Black principle.
Being able to determme the state of ice
after receiving heat and apply the concept .

» 3 of the mnfluence of heat to phase change | Applying concept
of substances.
Being able to determine the energy

30 3 absorbed bv objects and applv the concept |- Analvzing data
of radiation.
Name ‘ Total score | Science process skill category |
NN | 76 [ HIGH |
Academic score 84.44
Percentage of science process skill achieved
Science process skKill indicator Percentage (%)

Formulating hypothesis 80
Designing experiment 80
Analyzing data o
Applving concept 60
Communicating 80
Making conclusion 80

Fig. 2b: The example of display profile of students’ conceptual understanding
using Microsoft Excel program (2" part or the last part)
Figure 2a and 2b shows the profile of students’ science process skill. At table 2, it
can be seen which indicators that have been achieved. Besides, the indicators of
science process skill can also be seen. By the emergence of indicator on each
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number, the indicators’ achievement can be counted. One indicator is measured
with 5 questions. Therefore, the achievement percentage of each indicator will be
100% if students can correctly answer all the 5 questions. Based on the picture,
students can be categorized into high, medium and low. The group of science
process skill category can be seen in Table 3.

Table 3. Category of students’ science process skill

Total score Category of science
process skill (SPS)
0-30 Low
31-60 Medium
61-90 High

Category of science process skill can be summed up to obtain the average of each
category in one class. Through the average of each class, the class profile can be
made. The class profile is used to recognize which class that has higher science
process skill. By using the same steps, it can also be applied to the broader scale.

Students’ profile can also be used to know students’ achievement and their
difficulty in learning physics. It will make teachers do a further attempt at the
remedy (Wardani, et al., 2015). The instrument of two-tier multiple choice does
not only function as an instrument to measure science process skill but also as a
diagnostic instrument.

The instrument of two-tier multiple choice becomes an alternative instrument to
measure students’ science process skill. It can also be used to measure the level of
students’ thinking. Two-tier multiple choice is a model assessment that is useful
to education. It can also help students to measure high level thinking skill and
help teachers identify students’ misconception (Adodo, 2013).

Science process skill has also a positive effect on students’ achievement. The
former researches show that there is a positive relationship between science
process skill with academic success in science courses (Beaumont-Walters &
Soyibo, 2001; Farsakoglu, 2012, Delen & Kesercioglu, 2012). Academic
achievement and science process skill are related to the process of students’
conceptual change. Therefore, it needs science process skill to develop high-level
conceptual change. Science process skill can be separated from conceptual change
and conceptual understanding (Karamustafaoglu, 2011). Science process skill can
be seen as a factor that supports concept understanding because it relates to
academic achievement.

CONCLUSION

Based on the result of the research and analysis, it shows that: 1) the average of
indicator achievement of science process skill at high categorized school on
formulating a hypothesis is 74,55%, designing experiment is 74,89%, analyzing
data is 67,89%, applying the concept is 52,89%, communicating is 80,22%, and
making a conclusion is 76%, 2). the average of indicator achievement of science
process skill at medium categorized school on formulating a hypothesis is
53,47%, designing experiment is 59,86%, analyzing data is 42,22%, applying the
concept is 33,19%, communicating is 76,25%, and making a conclusion is
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61,53%, 3) the average of indicator achievement of science process skill at low
categorized school on formulating a hypothesis is 51%, designing experiment is
55,17%, analyzing data is 39,17%, applying the concept is 35,83%,
communicating is 58,83%, and making a conclusion is 58%.
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