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ABSTRACT

This was a development study by adopting 4-D models, which involved of defining, designing, developing, and
disseminating. The study aims are to: 1) create student worksheet with concept attainment method. 2) identify concept
knowledge progress, and 3) determine science process skills improvement. The developed worksheet was tested in
SMAN 1 Magelang, About 20 students of grade XI participated in limited test and 33 students in field test. The findings
reveal that: 1) final worksheet 1s created from the final revision which got from validator assessment. limited test, field
test, and student questionnaire. All aspects on the validator assessment get the best category, except teacher score of
learning using concept attainment method which include just in good category, Questionnaire results show that 78%
students on limited test and 89% students on field test agree with the worksheet, 2) concept knowledge improvement for
limited test 1s 56% and field test 1s 50%, all involved in medium gain and 3) science process skills enhancement 1sn’t

significant for all aspects.
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INTRODUCTION

One of the 21™ century challenges is competition
among countries in  many aspects. Consequently,
Indonesian have to build up the skills which needed to
ensure their competilivea this globalization era, such as
skills for life and career, learning and innovation skills, and
for sure information. media, and technology skills (Trilling
& Fadel, 2009).

Science included Physics is a study to understa
about nature. There are four dimensions of science, such as
a way of thinking, a way of investigating, body of
knowledge, and inferaction with technology and society
(Chiappetta & Koballa, Thomas R. 2010).

Better quality of science education, essentially in
Physics is assumed to be a solution for the 21% century
challenges. But result of science literacy from PISA
(Program for International Student Assessment) 2012, from
65 countries Indonesia get second rank from bottom. That’s
a level before Peru (OECD, 2013). The result shows that
science literacy of Indonesian are still powerless. So it
should be increased by how science or Physics exactly
should be leamed.

21" century learning of science is focused in
mvestigation method through inquiry process. A leaming
strategy that using structure of inquiry process is concept
attainment (J. L. Jones & Hilaire, 2014). Concept
attainment is a learning method to help student easily
understand about concept. This method applicable from
pre-kindergarten to higher education because it includes
critical inquiry, reasoning skills. and inductive thinking
process (Mcdonald, 2015; Wenno, Wattimena, &
Maspaitela, 2016). Concept attainment is designed to
classify objects or events as same as the scientific
procedurd§lj(Mohan, 2007). Through concept attainment
method, students compare and contrast examples that
contain cunzpt attributes with examples that don’t. By
observing, students discuss and identify the attributes until
they develop a concept definition.

Concept attainment lesson plan consist  of
identifying topic, deciding leaming aims, choosing
examples and non-examples, arranging examples and non-
examples (Eggen, 2012). Based on (Anjum. 2014: Kaur,
2014: Kumar & Mathur, 2013). concept attainment is
suitable method to understand about concept knowledge
which different with conventional or traditional method.




So, one of idea to learn Physics more effectively is by
implementing concept attainment method in a leamning
media, such as worksheet. This is expected to enhance not
only concept knowledge but also science process skills.
The common difficulty of leaming Physics (Hung &
Jonassen, 2006) is the lack of concept knowledge.
(Kumiawan, 2013) stated that to get concept knowledge,
students required to learn more active. With active and
direct leaming activity, students would get the concept in
long term memory that very helpful for them.

Process skills also needed to get the learning
comprehension, which means the whole of concept
knowledge. Science process skills 1s main purpose of
science concept, This skills include scientific inquiry which
also support the 21" century learning of science (Chiappetta
& Koballa, Thomas R. 2010). Concept knowledge and
psychomotor skills are related each other. Real activity is
important in creating the link of life, enabling students to
more understand the lesson, getting knowledge, and
developing psychomotor skills that include observation,
measurement, classification, data recording, creating
hypotheses, using data and gaining the creating ability,
changing and controlling variables, and conducting
scientific experiments (Sumarni, Wardani, Sudarmia&
Gupitasari, 2016). Science process skills consist of basic
and integrated skills. Basic science process skills consist of
observing, classifying, communicating, using time and
space relation, measuring and usi umber, predicting,
and inferring. Then, integrated science process skills
consist of defining operationally, controlling variables,
interpreting data, hypothesizing, and experimenting
(Karamustafaoglu, 2011; Rauf, Rasul, Mansor, Othman, &
Lyndon, 2013; Tunman, Omar, Mohd Daud, & Osman.
2012).

Equilibrium and Rotational Dynamics was selected
as learning subject in this study because there are many
applications in daily life but students mostly just memorize
the formulas and apply 1t to solve problems without
understand the concept. So. this study will create student
worksheet using concept attainment method in Equilibrium
and Rotational Dynamics to enhance concept knowledge
and science process skills for grade XI.

METHOD

This study was included as research and
development (R&D) and took 4-D model which developed
by Thiagarajan and Semmel to create product (Tnanto,
2009). The created product of this study was concept
attainment worksheet to enhance concept knowledge and
science process skills for grade XI. and using Equilibrium
and Rotational Dynamics as the subject.

This study was conducted at SMAN 1 Magelang on
January 2016. About 20 students of MIA 6 participated in
limited test and 33 students of MIA 1 participated in field
test,

Define, design, develop, and disseminate was
included as steps n 4-D model. Define step was intended to
determine the learning needed, which consisted of first
analysis, student analysis, assignment analysis, concept
analysis, and specification of learning purposes. Design

step was conducted to provide learning media, comprised
of four basic steps such as arranging instruments, choosing
media. choosing format, and designing worksheet. Develop
step purpose was to do some revisions which got from
validator assessment, limited test, field test, and student
questionnaire. First revision was conducted after lecturer
and teacher doing theoretic validation of the worksheet.
The last step was disseminate, which intended to distribute
the created worksheet to other groups, like other classes,
schools, or teachers.

This study used learning instruments and data
collecting instruments, Learning instruments were involved
of lesson plan and concept attainment worksheet. Data
collecting instruments were comprised of validation
questionnaire (lecturer and teacher), student questionnaire,
pretest posttest. and science process skills observation
sheet.

Data from this study were analyzed by feasibility
and reliability for leaming media, pie diagram for student
questionnaire, gain interpretation for pretest posttest data,
and bar diagram for science process skills observation sheet
data.

Worksheet feasibility from lecturer and teacher
score was calculated by using criteria of ideal assessment
as seen at TABLE 1.

TABLE 1. Criteria of Ideal Assessment

Scores Range Category
X, +18sb,( X The Best
X, +0.6sh, (X <X, +18sb; Good
X, -065b,(X <X, +06sb; Enough
X; -18sb;(X < X; -06sb; Less
X <X, -18sh, The Least

(Widoyoko, 2009)

Worksheet reliability was analyzed from lecturer
and teacher score by using percentage of agreement. The
formula was:

A-B

Percentage of agreement=| 1 - % 1009 (N

A+B
Where A was high score and B was low score. Worksheet
was categorized as a good mstrument if coefficient of
reliability was more than or equal with 0.75 or 75%
(Borich, 1994),
Student questionnaire was examined by some steps,
involved of changing positive and na.lli\'c sentence into 1
4 scale (positive sentence: very agree = 4, agree = 3,
aagree =2, very disagree = 1, and negative sentence: very
agree = 1, agree = 2, disagree = 3. very disagree = 4),
cancelling inconstant scale in similar aspect between
positive and negative sentences, counting overall students
who give | - 4 scale in each aspects, and deciding the
percentage (%).




The improvement of concept knowledge could be
known from pretest and posttest data which calculated by
gain score. The formula of normalized gain (g) was:

Normmlizedgain

[ . o 0. -
Yoposttest- Yopretest
@-——— o

100 - %opretest
Then the gain score was converted into the crteria on

TABLE 2.

TABLE 2. Interpretation of Normalized Gain

Inlel Gain (g) Category
(g) =0.70 High-g

0.70 = (g) = 0.30 Medium-g
(g) = 0.30 Low-g

(Hake, 2009)

Enhancement of science process skills was
analyzed from observation result, which consisted of some
steps. such as counting mean score of the both observers,
counting mean score of each science process skills aspects,
converting that quantitative score to qualitativd sing
criteria on TABLE 1, counting the improvement of science
process skills by norm&ed gain (g) and interpreting the
criteria using TABLE 2. The progression of each science
process skills aspects from expeniment | - 6 could be seen
using bar diagram.

RESULTS AND DISCUSSION

Concept attainment worksheet is a learning media
which developed in this study. The purposes consist of
creating worksheet with concept attanment method.
identifving concept knowledge improvement, and knowing
science process skill enhancement. Final worksheet 1s
developed from revision in each steps, involve validator
assessment, limited test, field test, and dcnt
questionnaire. The result of validator assessment can be
seen on TABLE 3.

TABLE 3. Validator Assessment of Worksheet

75%, so it can be concluded that the worksheet is
categorized as a good instmment. First revision was
conducted after getting comments from lecturer and
teacher.

First revision product was implemented in
development tests, which comprised of limited and field
test. Grade XI, SMAN 1 Magelang was selected as the
object of this study. About 20 students of MIA 6
participated in limited test and 33 students of MIA 1
participated in field test. Every tests involved of 3 session,
first session students answered problems in pretest and
conducted 1% and 2" experiment, second session students
worked with 3%, 4™ st experiment, and third session
students conducted the last experiment, answered problems
in posttest, and filled questionnaire. Later revisions were
happened after leamning process in hmited test, field test.
and the questionnaire results were analyzed.

Concept knowledge enhancement of limited test is
calculated and interpreted by normahized gain. The result
can be shown at TABLE 4.

"ABLE 4. Concept Knowledge Progression

Mean
Pretest Posttest Gain Score
0.56
39 74 k
(medium-g)

— Score PA
P Lecturer Teacher (%)
Language structure & 32 34 96.97
worksheet design (The Best)  (The Best) (Good)
Learning using 1 10 9524

concept attainment

method (The Best) (Good) (Good)

Learning to improve 21 19 95
science process skills  (The Best)  (The Best) (Good)

All aspects on validator assessment of the worksheet get
the best category, except teacher score of learning using
concept attainment method which meclude just m good
category. It because teacher thought that although there was
hypothesis testing in analyzing phase but it didn’t help for
summanzing the concept knowledge. Moreover, teacher
felt that closng and applying phase weren’t appropriate
with the concept attainment method. Results of percentage
agreement show that reliability coefficient are more than

Concept knowledge will be better if the students
nvolved actively in the learning process. The improvement
will be better than the students who passive or just listening
to the teacher explanation (Atmojo, 2012). Based on the
study of (Ates & Ervilmaz, 2011; Hussain & Akhtar, 2013
M. G. Jones, Andre, Negishi, Tretter, & Kubasko, 2003),
active leaming that included student leaming interaction
will produce significant result of student” achievement.

"ABLE 4 shows that the mean of gain score from
pretest posttest is (.36 and categorized as medium gain.
The result doesn’t get high category. It could be caused by
the created worksheet on limited test hadn’t trained active
learning process among students, consequently it should be
any revisions for field test.

Science process skills progress of students n
limited test can be known from observation sheets dunng
learning process. There were seven examined skills, such as
observing, hypothesizing, experimenting, classifving,
interpreting, summarizing, and communicating. Observing,
classifying. and communicating are involved as basic
science process skills. Then hypothesizing. experimenting,
interpreting, and summarizing are classified as integrated
science process skills, The enhancement result of limited
test can be seen on FIGURE 1.
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FIGURE 1. Gain Score of Science Process Skills

From FIGURE 1, all skills have increased with
gain score from 0.1 — 0.3, which classified as low gain. The
lowest aspects are seen on hypothesizing, experimenting,
summarizing, and communicating. Based on the study of
(Hodosyova, Utla, Vanyova, Vnukova, & Lapitkova.
2015), from three science process skills: hypothesizing,
interpreting, and summarizing, the hypothesizing aspect got
the lowest score (33%) because of the limitation in the
process of collecting data. In this study, hypothesizing
aspect also got the lowest score of gain score 0.1 but the
score was same with experimenting, summarnzing, and
communicating.

Questionnaire result of limited test is described by
using pie diagram, which shown on FIGURE 2.

6%

]S" o

-
= Agree
\ / = Very Disagree
* Disagree

= Very Agree

78%

FIGURE 2. Limited Test Questionnaire Result

In this limited test, almost students agree to the
created worksheet with percentage of 78% and just 6% who
classified as very agree. The rest of students is disagree to
the worksheet and none categonized as very disagree. There
were some reasons why students disagree with the
worksheet, such as 8 students thought that some sentences
and pictures in worksheet cover weren’t interesting, 7
students felt that the using of sentences in the worksheet
weren't simple and too long. and 5 students judged that the
worksheet didn’t design with appropriate color and the
combination among lines. shapes. phases, pictures weren’t
balance. All results from this limited test were analyzed as
revision and product from its process was applied in later
test,

Field test was larger test than the previous. It
involved of some i1dentic steps as the limited test did. There
were 33 students who participated in this test. Concept

knowledge improvement is calculated by normalized gain
formula too and can be shown in TABLE 5.

TABLE 5. Concept Knowledge Improvement

Mean
Pretest Posttest Gain Score
0.50
42 n (medium-g)

The result of concept knowledge enhancement is
0.50 and just categorized as medium gain. Some revisions
from limited test couldn’t make the result improve into
high category because there were more students in every
groups (around 5 - 6), which made the experiments
ineffective and students difficult to get concepts. [t was
different with total students in each limited test groups
(around 3 — 4), Furthermore students hadn’t common vet
with the type of this created worksheet, so sometimes they
felt confuse when doing the experiments. It caused the
result wasn’t satisfied. All data from concept knowledge
progression explain that the developed worksheet haven’t
improve into high category vet, It just enhance into medium
category, 0.56 or 56% for limited test and 0.50 or 50% for
field test.

Science process skills improvement in field test 1s
also got from observation sheets during leaming process.
The result can be shown on FIGURE 3.
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FIGURE 3. Gain Score of Science Process Skills

The diagram in FIGURE 3 describe that all science
process skills enhance into low gain category, except
communicating which increase into medium category with
gain score 0.3, The lowest categorv progression are in
observing and classifving with gain score 0.1, It means that
the developed worksheet can be used to enhance science
process skills although it can’t reach the highest score in
limited and field test (enhancement just around 0.1 — 0.3).
Based on study of (Sadi & Cakiroglu, 2011), student
attitude can’t get significant result if the treatment just
given as long as short period (3 weeks). The result will be
significant if it conducts more than 12 — 13 weeks. Same
with the study of (Sadi & Cakiroglu, 2011), this study was
also conducted as long as 3 meeting (2 weeks),




consequently the improvement result couldn’t get
significant score.

Questionnaire result m field test shows that the
propensity result of students is agree to the created
worksheet with percentage of 89%, The complete result is
described by using pie diagram on FIGURE 4.

= Very Agree

v Agree

\ ’ = Very Disagree
» Disagree
89%

FIGURE 4. Field Test Questionnaire Result

In this field test, just 7% students who classified as
very agree, the rest of students around 4% disagree to the
created worksheet and none categorized as verv disagree.
The previous reasons why students disagree to the
worksheet in Limited test have reduce from 15% to 4%.
From 8 students who thought that some sentences and
pictures i worksheet cover weren't interesting, reduce to
none student in field test. From 7 students who felt that the
using of sentences in the created worksheet weren’t simple
and too long reduce to 4 students. From 5 students who
Judged that the worksheet didn’t design with appropriate
color and the combination among lines, shapes, phases,
pictures weren't balance, reduce to none student. All results
from previous limited test had been revised, which made
the quality of created worksheet improve and impacted to
the questionnaire result. This means that the developed
worksheet can properly to be used in class.

CONCLUSION

The results of this study show that: 1) final
worksheet is developed from the final revision which got
from validator assessment, limited test, field test, and
student questionnaire. All aspects on the validator
assessment get the best category. except teacher score of
learning using concept attainment method which include
Just in good category. Questionnaire results show that 78%
students on limited test and 89% students on field test agree
with the worksheet. 2) concept knowledge improvement for
limited test i1s 56% and field test 1s 50%, all include n
medium gain category. and 3) science process skills
enhancement isn’t significant for all aspects,
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