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6TH GRADE SCIENCE ABILITY TEST VALIDITY AND
RELIABILITY RESEARCH

iclal ALKAN, Nevzat BAYRI

Abstract: The aim of this research is to develop a test to determine the Science ability of 6th grade
students. For this purpose, taking into consideration the 6th grade Science course outcomes; ability
test was developed and validity and reliability studies were conducted. In the study, the steps of
determining the purpose of the test, determining the properties to be measured, writing the items,
reviewing the items, preparing the trial form, applying the trial form, scoring the test, item analysis
and selection, and the final form of the test were followed, respectively. The study group of the
research consists of 295 students studying in two different schools. According to the findings, item
difficulty indexes of the questions in the developed ability test ranged between 0.26 and 0.80,
while item discrimination indexes varied between 0.32 and 0.68. Item-total correlations of
questions take values between 0.27 and 0.51. While the overall difficulty coefficient of the
questions in the test was 0.53, the discrimination index was calculated as 0.47. The KR-20
reliability coefficient calculated for the reliability of the test was 0.84, and the split-half value was
0.71. It can be said that the ability test developed in line with all these results is valid and reliable.
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1. Introduction

Education is defined as the process of revealing the desired changes in an individual's behavior
(Ertiirk, 1984). It is necessary to determine whether it is successful in the process or the level of
behavioral change expected from the individual (Erdogdu & Kurt, 2012). This requirement can be met
by measurement and evaluation. For this reason, measurement and evaluation (Ayaydin, 2010), two
different concepts, is an indispensable element of the education process (Yesilyurt, 2012). According
to Turgut and Baykul (2010), measurement is defined as "observing the properties of objects and
expressing the results with numbers or symbols". Evaluation is the comparison of the value obtained
as a result of the measurement with a criterion and reaching a decision (Bahar, Nartgiin, Durmus, &
Bigak, 2012). It is very important to make the measurement process flawlessly in determining whether
the goals in the curriculum have been reached or not. In order to make important decisions in
education, it was emphasized that teachers (practitioners) should correctly choose the data collection
tool they will measure (McDonald, 2002).

Relevant valid and reliable measurement tools are needed in order to determine the realization levels
of the goals and behaviors determined in science education and to measure student achievement
(Gonen, Kocakaya, & Kocakaya, 2011). Open-ended questions, true-false, short-answer, multiple-
choice tests, questionnaires, and two-stage tests related to the measurement of students' achievement
are used in all areas of education (Simsek, 2007). Among the mentioned measurement tools, multiple
choice tests are frequently preferred because they provide the opportunity to measure both simple and
complex concepts with ease of use (Kiigiikahmet, 2002; Ogan Bekiroglu, 2004; Ozgelik, 1998).
Multiple-choice tests, which are frequently used to reveal students' lack of knowledge and misleading,
are easy to apply and score together with well-prepared distractors (Demirci & Efe, 2007; Kan, 2014).
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The relationship between the mental development of individuals and their ages is measured through
skill tests (Tezbasaran, 1994). With these measurement tools, the individual's learning power, general
abilities, special abilities or ability to cope with cognitive problems are measured (Atilgan, Kan, &
Aydin, 2017). Ability tests; it is examined in three groups as general ability, special ability and
different ability tests (Tezbasaran, 1994; Yildirim, 1999). The test that is used to measure the mental
abilities of individuals is general ability tests. These abilities are believed to be innate and change little
under the influence of the environment. It is used to predict what an individual can do in the future and
learning power (Yildirim, 1999). The tests that measure the mind power of an individual in a limited
and narrow area are special ability tests (Atilgan et al., 2017). Tests that measure the individual's
special abilities in painting, music or art branches are included in this group. Tests measuring different
mental abilities such as mechanical comprehension ability, abstract comprehension ability, and
language ability are called different ability tests (Ozgiiven, 1998). Achievement tests, achievement
tests, follow-up tests and readiness tests are also collected under this group (Atilgan et al., 2017).

When the literature is examined within the scope of science education research, there are many
achievement tests that include multiple choice questions on specific science topics. Sener and Tas
(2017) “Let's Solve Our Body's Riddle”, Demir, Kizilay and Bektas (2016) “Solutions”, Ayvact and
Durmus (2016) “Heat and Temperature”, Kenan and Ozmen (2014) “Particulate Structure of Matter”,
Sen and Eryilmaz (2011) developed success tests on the topics of "Simple Electric Circuits", Cakir and
Aldemir (2011) "Genetics". In this context, the absence of a measurement tool that can measure the
general science ability of the individual makes this study necessary. The fact that the study does not
address a specific science topic, but consists of question items that include biology, physics and
chemistry, is the most important feature of this measurement tool that distinguishes it from others.
Through this study, an easy-to-use and understandable measurement tool will be developed, with
validity and reliability studies that will help students gain information about their general science
abilities, and facilitation will be provided to researchers and practitioners.

2. Method

In this part of the research, information about the developed measurement tool, the development
process and the study group are given.

2. 1. Measuring tool
In the study, a test was developed to determine the Science skills of middle school 6th grade students,

and validity and reliability studies were conducted. While developing the Science ability test, the
following steps specified by Turgut and Baykul (2010) were followed:

Determining the Determining the Writing the items
purpose of the test properties to be

Preparation of trial form pr— Review of substances

Application of the trial
form

Scoring the test, item ‘ l\ Creating the final

version of the test

analysis and selection

Figure 1.7est Development Process
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f.

In order to determine the purpose of the test and the features to be measured, secondary school
science curricula (5th and 6th grades) were examined and a literature review was made taking
into account their achievements.

In order to determine the scope of the test, a table of specifications was prepared and an
aptitude test consisting of 50 items was created.

The opinions of 2 faculty members, 1 doctor and 2 Science teachers in the field of Science
Education were consulted in order to evaluate the content, appearance validity and
comprehensibility of the items and their compatibility with the target group.

The pilot studies of the last edited test were conducted with 295 (162 girls, 133 boys) middle
school 6th grade students selected through appropriate sampling.

The validity and reliability studies of the scores obtained from the test were performed using
the Test Analaysis Program (TAP, Version 19.1.4) software.

After the pilot application, the final version of the revised test has been reached.

When the related literature is examined, it is seen that there are quite a lot of achievement tests for a
single science subject; However, it was observed that there is no test to measure general science
ability. It is important that the achievements of the test to be prepared cover all three of the physics,
chemistry and biology fields of science. As a result of the interviews with the experts, the
achievements planned to be included in the test are as follows:

>
>

Y VY

YV V VV V VYV Vv ¥V ¥V V VY VYV

A\

"Explains the structures of support and movement system with examples.*"

"Describes the functions of the structures and organs that make up the digestive system using
models.*"

"He/She concludes that nutrients must undergo physical (mechanical) and chemical digestion
in order to pass into the blood."

"Explains the functions of organs that help digestion."

"Describes the functions of the structures and organs that make up the circulatory system using
a model.*"

"Examines the large and small blood circulation on a diagram and explains their functions."
"Defines the structure and functions of blood.*"

"Refers to the exchange of blood between blood groups.*"

"Evaluates the importance of blood donation for society."

"Describes the functions of the structures and organs that make up the respiratory system using
models.*"

"Summarizes their tasks by showing the structures and organs that make up the excretory
system on the model.*"

"Shown the direction, direction and magnitude of the force affecting an object by drawing."
"Observed that trying more than one force acting on an object.*"

"Compares balanced and unbalanced forces by observing the motion states of objects.*"
"Defined speed and expresses its unit.*"

"Shown that the relation between road, time and speed on the graph."

"Expressed that the materials are granular, hollow and mobile.*"

"He/She compares the space between the particles of matter and the mobility of the particles
by experimenting with the change of state.*"

"Density is defined.*"
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» "Densities of various substances are calculated as a result of the designed experiments."

A\

" By experimenting, he/she compares the density of insoluble liquids in each other.*"

A\

"Comparing the densities of the solid and liquid states of water and discussing the importance
of this situation for living beings."

"Classifies materials in terms of heat conduction.*"
"Determines the selection criteria for the thermal insulation materials used in buildings.*"

"Develops alternative thermal insulation materials."

YV V V V

"Discusses the importance of thermal insulation in buildings in terms of family and country
economy and efficient use of resources."”

A\

"Classifies fuels as solid, liquid and gaseous fuels and gives examples of commonly used
fuels.*"

» "Discusses the effects of using different types of fuels for heating on human and
environment."

> "Investigates and reports the measures to be taken regarding stove and natural gas poisoning."
» "Compares the planets in the solar system with each other.*"

» "Creates a model by sorting the planets in the solar system according to their proximity to the
Sun"

(The 18 target achievements included in 34 questions in the Science Ability Test are indicated by *.)

Considering the grade level to which the test will be applied, the ability to answer the questions, the
scoring period and the objective scoring, the questions were decided to be multiple choice. While
developing the science aptitude test, the distribution of the questions according to the renewed Bloom
taxonomy steps was also examined along with the validity and reliability studies. Accordingly, the
distribution of 34 questions including 18 gains in taxonomy is as in Table 2:

Table 2. Science Ability Test Taxonomy Table

Information The cognitive process dimension
size 1. 2. 3. 4. 5. 6.
Remembering | Understanding | Applying | Analyzing | Evaluating | Creating
A. Factual 3,11,15,25 13, 14, 19, 31,
32
B. Conceptual 17, 24 5 6, 8,9, 12,
16, 18, 20, 21,
22, 28, 29, 30,
34
C. Procedural | 4,26 1,2,10,23,27 7,33
D.
Metacognitive

According to Table 2, it is observed that aptitude test questions show distribution in the stages of
recall, comprehension and application. It is very difficult to measure the analysis, evaluation and
creation levels in the cognitive process dimension in taxonomy and the metacognitive knowledge level
in the knowledge dimension. However, it is possible to measure these levels with projects or
homework. Measuring these levels in terms of multiple choice question types, time and quality is not
considered appropriate (Karaman, 2005). For this reason, the questions in the aptitude test were
limited to the "recall, understanding and application” in the cognitive process dimension, and the
"factual knowledge, conceptual knowledge and operational knowledge" steps in the knowledge
dimension, which are among the revised Bloom taxonomy steps.
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2. 2. Working Group

The pilot application of the science aptitude test was carried out with 295 (Female = 162, Male = 133)
secondary school 6th grade students attending two public schools in Malatya province.

2. 3. Data Analysis

The analysis of the data obtained after the pilot application was carried out using the TAP program.
Difficulty index, discrimination index and item total correlation coefficients were calculated for the
construct validity of the test, while the KR-20 internal consistency coefficient was calculated for
reliability.

3. Results

In this part of the research, the analysis results of the data obtained after the pilot application are
included. First, the difficulty indexes, discrimination indexes and item total correlation coefficients of
the questions in the aptitude test were calculated and it was decided which questions would be
excluded from the test (Table 3).

Table 3. Item Analysis Results of the Questions in the Science Ability Test

Question Difficulty | Discrimination | Item Total Question Difficulty | Discrimination | Item Total
Index Index Correlation Index Index Correlation
01 0,52 0,44 0.34 26 0,26 0,35 0.32
02 0,52 0,60 0.47 27 0,43 0,34 0.32
03 0,48 0,32 0.27 28 0,39 0,38 0.35
04 0,83 0,27 0.34 29 0,32 0,30 0.32
05 0,54 0,60 0.50 30 0,41 0,39 0.37
06 0,59 0,29 0.29 31 0,44 0,23 0.21
07 0,84 0,19 0.27 32 0,63 0,69 0.53
08 0,85 0,08 0.17 33 0,56 0,67 0.52
09 0,76 0,37 0.36 34 0,64 0,59 0.50
10 0,75 0,38 0.38 35 0,43 0,18 0.17
11 0,53 0,54 0.45 36 0,52 0,54 0.42
12 0,82 0,32 0.34 37 0,27 0,22 0.29
13 0,36 0,15 0.17 38 0,42 0,57 0.47
14 0,63 0,42 0.35 39 0,74 0,34 0.34
15 0,78 0,39 0.42 40 0,65 0,37 0.34
16 0,50 0,57 0.43 41 0,33 0,16 0.18
17 0,27 0,24 0.29 42 0,33 0,45 0.35
18 0,71 0,53 0.45 43 0,80 0,35 0.41
19 0,57 0,38 0.31 44 0,28 0,30 0.27
20 0,80 0,36 0.38 45 0,46 0,49 0.40
21 0,54 0,74 0.56 46 0,45 0,51 0.44
22 0,42 0,04 0.02 47 0,46 0,48 0.37
23 0,40 0,34 0.28 48 0,53 0,50 0.40
24 0,80 0,35 0.37 49 0,44 0,60 0.46
25 0,27 -0,04 -0.06 50 0,62 0,43 0.38
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When Table 3 was examined, it was decided to exclude 4, 6, 7, 8, 12, 13, 17, 21, 22, 25, 31, 35, 37, 39,
41, 43. questions with difficulty index above 0.80 and below 0.20 and item discrimination index below
0.30 from the Science ability test (Tekin, 2011; Turgut & Baykul, 2010). After the questions were
removed, the item analysis was repeated. Item difficulty indexes, item discrimination indexes and item
total correlations of the questions in the final test, which includes 34 questions, are presented in Table
4.

Table 4. Item Analysis and Descriptive Analysis Results of the Questions in the Final Test

Question | Difficulty Index | Discrimination Index | Item Total Correlation
01 0,52 0,48 0.35
02 0,52 0,59 0.51
03 0,48 0,36 0.27
05 0,54 0,60 0.50
09 0,76 0,37 0.36
10 0,75 0,40 0.37
11 0,53 0,60 0.45
14 0,63 0,42 0.35
15 0,78 0,38 0.41
16 0,50 0,60 0.45
18 0,71 0,51 0.44
19 0,57 0,35 0.29
20 0,80 0,34 0.32
23 0,40 0,38 0.32
24 0,80 0,38 0.35
26 0,26 0,33 0.33
27 0,43 0,36 0.34
28 0,39 0,41 0.38
29 0,32 0,36 0.35
30 0,41 0,44 0.41
32 0,63 0,68 0.54
33 0,56 0,64 0.51
34 0,64 0,57 0.49
36 0,52 0,58 0.46
38 0,42 0,57 0.50
40 0,65 0,38 0.34
42 0,33 0,47 0.38
44 0,28 0,32 0.29
45 0,46 0,56 0.43
46 0,45 0,55 0.47
47 0,46 0,45 0.40
48 0,53 0,50 041
49 0,44 0,60 0.51
50 0,62 0,50 0.40

Item difficulty indexes of 34 questions in the final test take values between 0.26 and 0.80, while item
discrimination indices take values between 0.32 and 0.68. Item-total correlation coefficients of the
questions vary between 0.27 and 0.51. The results of the TAP analysis of the Science aptitude test are
shown in Table 5.

Table S. TAP Analysis Results of the Science Ability Test (Final Test)

Statistics Value
N 295
Total Article 34
Average 18.06
Standard Deviation 6.55
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Minimum 2
Maximum 34
Skewness 0,363
Kurtosis -0,571
Average Difficulty 0.53
Average Discrimination Index | 0.47
KR-20 0.84
Split-half 0.71

When Table 5 is evaluated, it is observed that the average difficulty value calculated for the Science
Ability Test (FBYT), which includes 34 questions, is 0.53, and the discrimination value is 0.47. While
the KR-20 reliability coefficient was calculated as 0.84, the split-half coefficient was determined as
0.71.

4. Discussion and Conclusion

It was observed that the validity and reliability levels of the data collected with the science ability test
developed in this study were within acceptable ranges. Within the scope of item analysis, item
difficulty index and discrimination index for each question in the test were calculated. The average
difficulty and distinctiveness of the test were also calculated. By calculating the average difficulty of
the data, the development of a test that is too easy or too difficult has been avoided. While the test gets
harder with the difficulty coefficient approaching 0; it becomes easier when it approaches 1 (Sarag,
2018). The difficulty coefficients of the questions in the science ability test take values between 0.26
and 0.80. The average difficulty coefficient of the test was calculated as 0.53. In the literature, it is
stated that the difficulty of a test being close to 0.50 means a medium level of difficulty and this is a
desirable situation (Downing & Haladyna, 2006; Gomleksiz & Erkan, 2010; Tekin, 2011). As a result,
it can be said that the questions in the Science aptitude test and the general difficulty coefficient of the
test provide the moderate difficulty value stated in the literature and contribute to the construct validity
(Downing & Haladyna, 2006; Hingorjo & Jaleel, 2012; Tekin, 2011). It can be said that the developed
science ability test provides a good discrimination between low and high achievement students with a
medium level of general difficulty (Biytikoztiirk, 2012).

By calculating the discrimination indexes of the science aptitude test, it can be distinguished whether
the students have the measured feature or not. Downing and Halaydna (2006) emphasized that items
with a discrimination index between 0.20-0.29 should be corrected, and items with a value of 0.19 or
less should be excluded from the test. In addition, they stated that it is an excellent value for the
discrimination index to approach 1. The discrimination indices of the items in the Science Ability Test
developed in the research took values between 0.32 and 0.68. It is stated that the discrimination
indices of the items in the tests conducted in the classroom environment should be higher than 0.20
(Wells & Wollack, 2003). The average discrimination index of the test was also calculated as 0.47.
The discrimination index also contributes to the construct validity of the test, just like the difficulty
coefficient. According to Gronlund (1977), questions with a difficulty level of 50 percent and high
discrimination should be used in a test.

As a result of the reliability analysis of the Science Ability Test, the KR-20 reliability coefficient was
calculated as 0.84 and the split half coefficient as 0.71. Gronlund (1977) stated that each of the
methods for calculating the reliability coefficient provides a different type of information. Therefore,
the use of KR-20 and split-half coefficients calculated for the aptitude test reliability analysis is
considered important in terms of providing two different information. It can be said that the reliability
coefficient of the Science Ability Test developed according to the findings obtained is sufficient. The
reliability coefficient of the tests applied in the classroom is expected to be 0.50 or 0.60 (Rudner &
Schafer, 2002). The reliability coefficient is lower than 0.40, the scores from the test are not reliable,
the coefficient is between 0.40 and 0.60, the reliability of the test scores is low, it is between 0.60 and
0.90, the scores obtained from the test are quite reliable and the reliability coefficient is 0.90 and
above shows that the scores are highly reliable (Can, 2014).
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According to the findings obtained from the research, it can be said that the developed Science Ability
Test is valid and reliable. The fact that the questions in the test are multiple-choice, includes 18
acquisitions, and is prepared for the level of 6th grade secondary school students can be expressed as
the limitations of the study. Based on this, more comprehensive tests can be prepared for different
grade levels in future studies. In addition to multiple choice questions, different question types can be
used to measure higher-order thinking skills.
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