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ABSTRACT

The purpose of this research is to find out the differentiation between high school biology olympiad in the Dis-
trict of North Kayong and the National Biology Olympiad. The analysis is used to provide feedback to students
regarding their knowledge in the forms of factual, conceptual, procedural, and metacognitive traits. This research
is a descriptive study consisting of two phases: the stage of designing test items carried out by four Biology teach-
ers who joined the group, Science Teachers Council, and the test tryout phase given to 33 high school students
of class XI. This research resulted in the dimensions of knowledge which indicates that there are 79% (63 items)
being in the dimension of the factual, as much as 15% (12 items) in the conceptual, as much as 6% (5 items) in the
procedural, while the metacognitive dimension is 0%. The question package which was given in the preliminary
phase test was 5% considered difficult, while in the final stage such difficulty was not found (0%). Therefore, it is
concluded that the question items need to be revised because they have differentiation between high school biol-

ogy olympiad in the District of North Kayong and the National Biology Olympiad.
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INTRODUCTION

The National Science Olympiad (NSO)
is a science competition for students in elemen-
tary, junior and senior high schools, held by the
Ministry of Education and Culture. This activity
started in 2002. The NSO has become a medium
for selecting Indonesian students with interests
and competencies in science at the national level,
who then can advance to the international level.
Based on the results of interviews with the head
of the Subject Teachers Council, in the imple-
mentation of coaching/guidance of candidates
for high school biology olympiad held in schools
spread in North Kayong District, 50% of the test
items used comes from the previous years. The
other 50% comes from a collection of the items
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made by teachers who usually took them from
the test questions of the school exama. This issue
has not highlighted the distinctive traits of thin-
king for high school students. In fact, according
to Khasanah et al. (2017), biology science requi-
res distinctive traits of thinking. The problems are
usually related the uneven distribution of the ma-
terial and also the unavailability of the key ans-
wers and the way to answer the questions

The test items made by science teachers in
Indonesia still need a lot of improvement. This is
evident from the unpreparedness of Indonesian
students to compete globally. In addition, in va-
rious international standardized tests which have
been taken by learners from Indonesia, the results
are not satisfactory. Implementation of the 2013
curriculum is an attempt by Indonesia to catch
up with other countries in the field of education,
especially science (Pratiwi et al., 2016).
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The science lessons in the 2013 curriculum
are conducted in an integrated way to provide op-
portunities for students to develop thinking skills,
procedural skills, and scientific attitudes (Rosana
et al., 2017). The preparation of test items for
the Olympiad are undertaken to identify teach-
ers’ ability to prepare test items in accordance
with the 2013 curriculum and revised Bloom'’s
taxonomy. The teacher is a decisive component
in the success of the teaching and learning pro-
cess. According to Barinto (2012) teachers are the
spearheads that directly relate to learners as sub-
jects and objects of instruction. The competen-
cies that must be possessed by a teacher include
pedagogic competency, such as skills in preparing
test items that match the dimension of knowledge
and pay attention to the level in revised Bloom’s
taxonomy. In addition, teachers should also have
skills in doing instructional evaluation. Instruc-
tional evaluation is a step to determine the cha-
racteristics of student achievement (Sasongko,
2016). One of the ways is with the activity of item
analysis. This activity aims to measure whether
or not the items that have been made and used
belong to the good category.

The results of the item analysis can be used
to revise the material to be measured and provide
information to learners about the limits of kno-
wledge they have. According to Anderson et al.
(2001), the dimension of knowledge consists of
four types: (1) factual knowledge; (2) conceptu-
al knowledge; (3) procedural knowledge; and (4)
metacognitive knowledge.

Factual knowledge covers the basic things
that learners must know. Conceptual knowled-
ge includes both explicit and implicit theories in
different cognitive psychology. Procedural know-
ledge ranges from doing routine exercises to sol-
ving a new problem. Metacognitive ability helps
learners to understand the material and solve
problems encountered. Learners who use meta-
cognitive strategies appropriately can be critical
thinkers, problem solvers, and good decision ma-
kers rather than learners who do not use meta-
cognitive strategies. Metacognitive thinking stra-
tegies are rarely applied in instruction (Septiyana
et al., 2013).

Metacognitive thinking strategies can be
applied by providing biology questions that requi-
re them to think critically. Critical thinking is an
important skill to develop (Cahyarini et al., 2016).
The test items that are capable of requiring stu-
dents to think critically are the ones made by the
National Science Olympiad (NSO) because NSO
test items apply Higher Order Thinking (HOT).
According Widodo & Kadarwati (2013), the app-
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lication of HOT is capable of increasing interac-
tion between students, and between students and
teachers. Students will be more motivated to ask
questions, express ideas and dare to solve a diffi-
cult question and use it in the national exam and
or the National Science Olympiad (NSO) test.

National Science Olympiad (NSO) in the
subject of biology at the district level is conducted
annually. The test items are at the level of C4 (ana-
lyzing), C5 (evaluating), and the highest being C6
(creating). However, from results of pre-research
conducted in one high school in North Kayong
(February 2016), it was found that the items used
in the early selection stage still used the cognitive
domain at the lowest level of C1 which means at
the remember level and C2 at understand level.
Therefore, a study was conducted to identify the
differentiation between the test items used in the
preliminary selection process at the district level,
especially in Kayong Utara District and the NSO
test items. The differentiation was examined from
2 dimensions, i.e. the dimensions of knowledge
and the item difficulty index.

METHODS

This research is a descriptive study. It con-
sists of two phases namely the phase of preparing
the items and the test phase. The item preparati-
on phase was carried out in North Kayong by six
biology teachers who joined the Science Teach-
ers Council in North Kayong. The data obtained
from this phase 1 research were test items from
Biology Olympiad of high school level in the
form of multiple choice as many as 2 packages
(Package 1 and Package 2), each package having
40 items. Package 1 was intended for use in the
preliminary round and package 2 for the final
round. Both packages were then processed desc-
riptively and qualitatively by other Science Teach-
ers Council participants (11 people) in order to
map the items according to the revised Bloom’s
taxonomy.

The mapping aims to measure if the items
are in the factual, conceptual, procedural, or me-
tacognitive dimension. In addition, the calcula-
tion of the distribution was also done to deter-
mine the cognitive domain which ranges from
remember (C1) to create (C6). Both packages of
test items were validated by 2 lecturers of Biolo-
gy Education at the Faculty ofTeacher Training
and Education (FKIP) Tanjungpura University.
The type of validity used was content validity.
This validity is chosen because this type of va-
lidity is often used in the assessment of learning
outcomes.
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In phase 2 the items were tried out on 33
students in Sungai Raya in the odd semester of
the academic year of 2016/2017. The test tryout
was conducted for 2 meetings in the same week.
The first meeting was for items of the challenge
round and the second meeting for items of the fi-
nal round. Then, the calculation of reliability and
item difficulty index were performed.

The multiple choice item reliability was
calculated with Kuder Richardson (KR-20) using
the following formula:

Zpil P

KR-20=
k- ] (SD)
where:
k : number of items
(SD)? :variant

The difficulty index was calculated using the fol-
lowing formula.

where:
P : Difficulty level

B : Number of test takers who answer ques-
tions correctly

JS : Total number of test takers

According to Arifin (2009) difficulty index
is classified as follows:

P: 0.00 - 0.30 categorized as difficult

P: 0.30 - 0.70 categorized as medium

P: 0.70 - 1.00 categorized as easy

A number used to determine the level of
difficulty of a test item is called a difficulty index.
The difficulty index is in the range of 0.00 to 1.00.
The difficulty index is also known as Proportion
(P). If P 0.00, the item is very difficult; if P = 1.0,
then the item is too easy (Syamsudin, 2012).

RESULTS AND DISCUSSION

The selection of outstanding learners in
the field of biology is carried out at the begin-
ning of each semester every year. This activity is
the agenda of the Education Office as a step to
improve the quality of education in the district.
So one of the objectives of the NSO in the field
of biology is to select outstanding students in the

247

field of mathematics, science, and technology.

The selection is conducted in different le-
vels starting from school to the district/city, pro-
vincial, national, and international level. The se-
lection chart is shown in Figure 1 below. Based on
Figure 1, school-level selection is the gateway for
each learner to move on to the next stage. Each
test item should have its level of difficulty measu-
red and its knowledge dimensions reviewed.

Selechon of
Regency
Level

Selection of
School Level

Figure 1. NSO Stages

The theoretical characteristics of Biology
Olympiad should only from the theory learned
in high school or equivalent. However, to be able
to answer the questions with good analysis, lear-
ners need insight, accuracy, and way of thinking.
Thinking is all mental activity that helps formu-
late or solve problems to make a decision, under-
stand, and seek answers (Husamah, 2015). This
can be obtained from guidance and coaching
with good quality questions. Activity in the form
of coaching and mentoring of NSO is obvious-
ly needed by learners. Some learners complain
about the lack of knowledge, understanding and
solving NSO test items in Biology.

The number of test items successfully pre-
pared by 4 Biology teachers who are members of
the Science Teachers Council of North Kayong
District amounted to 80 items in the form of mul-
tiple choice questions. The study on the quality of
the items from the aspects of knowledge is shown
in Figure 2 below.

4%

0%

B Factual
Dimension

Conceptual
Dimension

M Procedural
Dimension

W Metacognitive
Dimension

Figure 2. Distribution of Knowledge Dimension
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Figure 2 shows that there are 63 items
(80%) are in the factual dimension, 13 items
(16%) on the conceptual dimension and 4 items
(4%) on procedural dimension. While the meta-
cognitive dimension is not found (0%). Based on
the results of item compatibility analysis with
the biology materials, 100% of the questions are
in accordance with the material content outline
tested in the selection of biology olympiad. Any
types of test items that are prepared be it for daily
test, school exam, and national exam, must be
made based on the content outline and developed
in accordance with the indicator of the item.

The problem is that the indicator of the
Olympiad test items downloaded from the inter-
net does not display the contents in detail. If the
content outline of the Olympiad material does
not appear in in test item, it will lower the ability
of the item to measure what it should from the
test results. Thus it was decided by the teachers
who prepared for the Olympiad test items to re-
formulate the indicators of the items. According
Maiza (2013) a test item is good if it has been in
accordance with the content outline that has been
formulated. If the item is not in accordance with
the formulated outline, then it cannot function
properly.

Based on Bloom'’s revised study of the
distribution of taxonomy in the cognitive do-
main, it is found that most (50%) of questions are
in C1 and C2 levels. Based on the results of the
analysis of the items, it was found that a question
can be easily answered if the student can remem-
ber the material in the textbook. In line with that,
Rusyati & Rustaman (2013) argued that to an-
swer a question, first most students have to read,
understand and memorize the material in it. This
is because the question is the as that found in the
textbook, so they only need to remember what
they have read from the textbook or from listen-
ing to the teacher’s explanations.

In addition, the selection of questions in
levels C1 and C2 is due to several other reasons as
follows: (A) Teachers do not have enough time to
think of or prepare items that demand learners’
high-level of thinking; (B) Lack of access to refer-
ences, and limited internet access both at work
and in residential areas; and (C) Adjusting to the
conditions of learners in the school.

In general, the results of the study of the
distribution of test items in the cognitive domain
are shown in Figure 3. Figure 3 shows that the
items made by biology teachers still focus on the
learner’s memorization and comprehension. This
is in line with Ningsih’s (2016) study which stated
that there has not been an item made by teachers

R. Marlina, H. Puspaningrum, Hamdani / JPII 6 (2) (2017) 245-251

to measure the aspects of evaluate (C5) and crea-
te (C6).

H Remember
M Undestand
H Apply

H Analyze

M Evaluate

L4 Create

Figure 3. Distribution of Items Based on Levels
of Bloom’s Taxonomy on The Cognitive Domain

Creativity in preparing test items still
needs to be improved. The interview with the
head of the Science Teachers Council of North
Kayong District shows that based on experience
during teaching, Biology questions that appear in
the school exam is on the dimensions of factu-
al and conceptual so that teachers feel that they
have the obligation to familiarize the students
with the material by giving questions to be me-
morized, consequently learners are not accusto-
med to thinking critically in answering questions.

Since most of the questions prepared in
the cognitive domain of C1 and C2 levels, it will
cause learners to be less capable of making new
things or solving a problem. Problem solving is
a model that can be used to improve learning
outcomes (Triyuni, 2016). But the percentage of
test items in the form of problem solving is lower
than the items that need memorizing. The reason
why teachers prepre more items that require me-
morizing in the cognitive domain levels C1 and
C2 is related to educational goals today. There are
two important educational goals i.e., to develop
memory and to encourage transfer process. The
occurrence of the transfer process is a sign of the
success of a learning process. Memory or reten-
tion is the ability of a learner to recall learning
materials for some time after teaching with the
same accuracy as when the learners are following
the lesson. Transferability is the ability of a lear-
ner to use what he has learned to solve new prob-
lems, to answer new questions, or to facilitate the
learning of new things (Mayner, 1996). In short,
the ability of memory is defined as the ability of
a student to remember what he has learnt, while
the transfer ability requires a learner to be able to
remember and also understand and use what he
has learned (Bransford et al., 1999).

Teacher’s references in preparing Olym-
piad test items is also a standard of the quality
of the items made in addition to the NSO sylla-
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bus. The items to be prepared should refer to the
instructional syllabus and should at least be ad-
justed to the learning objectives contained in the
valid or standard lesson plans. But in the process
of preparing a test item, most teachers rely solely
on the textbook. It means that teachers use the
learning syllabus only in designing lesson plans
as a complementary teacher administration to be
applied in classroom instruction. Teachers hard-
ly ever use the syllabus and lesson plans as one
of the main sources in preparing the Olympiad
test items. The correlation between knowledge
dimension and aspects of Bloom’s taxonomy is
shown in Figure 4.

Based on the correlation between knowled-
ge dimension and Bloom’s taxonomy, the results
of this study show the correlation from the distri-
bution of the NSO test items. In Table 1 illustra-
tes of distribution test items based on revised
Bloom’s taxonomy and knowledge dimension.

Table 1. Distribution Test Items Based on Revised
Bloom’s Taxonomy and Knowledge Dimension

Revised Knowledge Dimension
Bloom’s Tax- A B C D
onomy
1 58 0 0 0
2 5 13 0 0
3 0 1 0
4 0 3 0
5 0 0 0
6 0 0 0
Total 63 13 4 0
Knowledge Dimension:
A = Factual

B = Conceptual
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C = Procedural
D = Metacognitive

Bloom Taxonomy Revision:
1 = Remember
2 = Understand

3 = Apply
4 = Analyze
5 = Evaluate
6 = Create

The distribution of test items prepared by
teachers based on knowledge dimension and re-
vised Bloom’s taxonomy shows that most of the
items are still at the level of remember and under-
stand. The next items were tried out and the level
of reliability calculated. The calculation of reli-
ability aims to identify the level of accuracy and
reliability of test scores. The calculation results
have a range from 0 to 1. If the result is closer
to the number 1, the reliability level of the item
is higher. Based on the calculation of the data,
the reliability score is R = 0.68. Based on the re-
liability criteria, the score of 0.68 belongs to the
category of fair. This shows that the Olympiad
test items prepared by teachers are quite reliable.

The items that have been examined from
the knowledge dimensionwere then tried out to
determine the reliability and the level of difficul-
ty. In the try-out process, it was done 2 times with
2 days of lag time in the same week with different
test packages. The results of the tryout analysis
of the Biology olympiad test items can be seen
in Figure 5.

Figure 4. Combination between Knowledge Dimension and Bloom’s Taxonomy
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Figure 5. Result of Analysis on Test Items Dif-
ficulty Level of Challenge Round Package and
Final Round Package

The percentage of the prepared items
should have a balance between easy, medium,
and difficult. However, the results obtained from
Figure 5 indicate the absence of balance of diffi-
culty because in the challenge package, the most
dominant are items with an easy category (78%)
while the final package belongs to a medium cate-
gory (80%). But in both packages, the percentage
of difficult questions is very low (2% and 0% res-
pectively). Test items with the results of difficulty
analysis as shown in Figure 5 are not recommen-
ded for use in the Olympiad. This is in accor-
dance with the opinion of Anastasia (2003) who
stated that if the purpose of preparing test items
is for a selection process, then it should have a
medium or difficult level of difficulty. Items in the
easy category should not be used. But should it be
used, a few would be enough.

The item difficulty index of the data in Fi-
gure 5 reflects the low level of learners’ experi-
ence to interact or work on a test item based on
Higher Order Thinking Skill (HOTs). This type
of HOTs items appears in the national exam and
Trends in International Mathematics and Scien-
ce Study (TIMMS). Based on the test tryout re-
sults, only 3 students who can correctly answer
the questions in the difficult criteria. The results
of interviews with 11 students who answered the
items incorrectly show that the materials in the
test items have not been learned before.

To this point, the test items they have done
are those whose answer choices are definite and
do not require analysis or high-level thinking pro-
cesses. Being used to answering test items of me-
mory and understanding alone has caused them
to learn by memorizing in the absence of synt-
hesis or analysis of the material learned. It will
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obvious if the question is in the form of essay,
where learners will have difficulty in giving an
explanation of the material examined.

The findings of this research are significant
for teachers and test developers. They must have
the competence in analyzing the test material so
that they can prepare the items up to the level of
evaluate and create especially for the Olympiad
test. This is because the Olympiad test items aim
to select outstanding learners in the field of bio-
logy so it requires questions with higher difficulty
level (Nurinda, 2014). Thus the Olympiad test
items that have passed the phase of item analy-
sis can be used as a basis in making the right de-
cision. According to Boopathiraj & Chellamani
(2013) to date, item analysis is an important phase
in the development of tests or instruments. So it
is expected that teachers and instrument develo-
pers can apply it in the final process of instrument
preparation. For example in preparing Olympiad
test items and the items that serve as a test of
learning outcomes.

CONCLUSION

There are 63 items (80%) in the factu-
al dimension, 13 items (16%) in the conceptual
dimension, and 4 items (4%) in the procedural
dimension, while the metacognitive dimension
is not found (0%). Among the 80 items prepa-
red, 72% of them is at the remember level (C1)
and 23% at the understand level (C2), only 1%
at the apply level (C3), 4% at the analyze level
(C4), while evaluate (C5) and create (C6) are not
found (0%).

The compatibility of the olypiad test items
prepared by the teachers with the indicators set
in the olympiad content outline is 100%. The re-
liability of NSO items is the fair criterion (R =
0.68). The item difficulty index shows that the
most dominant items prepared in the challenge
package belong to the easy category (78%). In the
final package, the most dominant belongs to the
medium category (80%). In both NSO packages,
the lowest category is the difficult category (2%
and 0%).

Therefore, it can be concluded that there
is a differentiation between the test items used
in the preliminary selection for the Olympiad in
North Kayong and the items used in NSO (Na-
tional Science Olympiad). There is a need for
training on the preparation of items at the levels
of C4, C5, and C6 in accordance with NSO test
items so that it will improve student achievement
in North Kayong District.
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