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Abstract. Understanding divisibility at the primary school level is a strong predictor of
students’ mathematical achievements in secondary education. To correctly measure students’
understanding and achievements, a valid and reliable test is needed. This research focuses on the
construction of valid and reliable test for the divisibility area studied at the primary school level.
After constructing three pilot tests according to learning outcomes and standards for divisibility,
and qualitative validation, tests were distributed in six primary schools, with 380 participating
students (ages 12 — 13). The results were used for reliability and quantitative item analysis, and
the final version of the test, which covered standards of students’ achievement and had all items
of appropriate difficulty and discriminative validity, was created. This test can be used by
mathematics teachers in classrooms but also in large scale testing, like state or international
testing.
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1. Introduction

The concept of divisibility is the most important one in the elementary number
theory. According to studies (Siegler et al. 2011) and (Ellis et al. 2018), there is a
very strong correlation between the knowledge of divisibility that students gain in
primary school and students’ mathematical achievements in secondary school.
Rules of divisibility are important for understanding factorization, fractions, and
prime numbers. In (Roscoe & Feldman 2016) it was noticed the advantage of
factorization into prime numbers as a conceptually rich tool for understanding
divisibility. In (Young-Loveridge & Mills 2012) it is reported how students’
understanding of the rules of divisibility affects their deeper understanding of
multiplication and division of integer numbers. In (Lo 2020) it was emphasized that
numbers and operations with numbers are the most common mathematical content
in primary school and problematizes solving textual problems in this area.

The efficiency of teaching and learning has to be tested to see how the teaching
improved students' knowledge and skills (Simanjuntak et al. 2019). A test can be
conducted in a simple classroom context or as a part of a large international research
(Broadfoot & Black 2004). Testing serves as a means of communication between
the world of education and the wider social community, and for the consequences
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of testing to be acceptable to society, the results of testing must be trustworthy
(Broadfoot & Black 2004). In order to achieve that, tests have to be valid, reliable,
sensitive and with appropriate difficulty levels (Simanjuntak et al. 2019).

The goal of this research is to develop a valid and reliable test for the divisibility
area studied in primary school. This paper describes the development of the test
according to learning outcomes and standards of students’ achievements, its pilot
testing and test and item analysis. The created test allows one to measure
achievements in the area of divisibility at the micro-level — in a classroom, but also
at the state level or even within the frame of international testing. At the moment
of writing this paper, the authors have not found a similar test instrument for the
divisibility area.

1.1. Divisibility Area in Primary School

In order to ensure progress and monitoring of trends in education in the world,
the Agency for Pre-Primary, Primary and Secondary Education in Bosnia and
Herzegovina (APOSO) defined eight educational areas, and one of them is the
mathematics area®. In 2015, APOSO created the Common core curriculum for the
mathematics area defined on the learning outcomes. The Common core curriculum
for the mathematics area consists of four fields: Numbers, sets, and operations;
Algebra; Geometry and measurement; Data and probability®. Every field has two
or three components which consist of learning outcomes and indicators. Indicators
are defined according to the child’s age: for the end of pre-primary education, end
of the third grade of primary school, end of the sixth grade of primary school, end
of the ninth grade of primary school and end of secondary education.

In Bosnia and Herzegovina, students learn about divisibility in the sixth grade,
within the field of Numbers, sets, and operations, so the rest of this paper will focus
on this field and this grade. The field Number, sets, and operations has two
components (Sets, numbers and numeral systems, and Arithmetic operations), and
four basic learning outcomes?:

1. The student analyzes the properties and relationships of sets in different
forms of representation and applies them when solving problem tasks.

2. The student analyzes the properties and relationships of numbers and
numeral systems and uses symbols and different representations.

3. The student selects and combines strategies, methods, and operations to
solve problems and provides solutions in the context of the problem.

4. The student evaluates the justification and precision of the chosen strategies,
methods, operations, and obtained solutions, and discusses the final solution in the
context of the problem.

Each of these learning outcomes has indicators according to the child’s age. For
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example, one indicator for outcome 3 at the end of sixth grade is “The student
applies divisibility tests for positive integers with 2, 3, 4, 5, 6 and 10 (LCM,
GCD)™.

In 2012, APOSO published standards for native language, mathematics and
science for the end of third and sixth grade'. Standards of students’ achievements
are classified into low, medium and high level standards. There are 16 standards
that are related to divisibility and the application of divisibility for the end of the
sixth grade: two low level standards (in the rest of this paper, they will be coded as
1LL and 2LL), six medium level standards (codes IML, 2ML, ..., 6ML), and eight
high level standards (codes 1HL, 2HL, ..., 8HL). These standards can be seen at
the link in NOTES*,

1.2. Validity and Reliability of Test

It is impossible to imagine learning and teaching without adequate testing and
measurement. In order for the measurement to be of high quality, the test must be
reliable. The test is reliable if one can trust that it will give the same or very similar
results each time it is used with the same subject and one can rely on its results
when making inferences (Husremovi¢ 2016). Test reliability refers to the
consistency of results one gets from testing.

The most used measure of test reliability is Cronbach’s alpha, which measures
the internal consistency of a test and is expressed as a number between 0 and 1. The
internal consistency describes the extent to which all questions on the test measure
the same construct and is related to the interconnectedness of the items in the test
(Tavakol & Dennick 2011). It is commonly used that the acceptable value of
Cronbach’s alpha is 0.70. The lower value of Cronbach’s alpha indicates there are
not enough items on the test, the items are poorly connected or the measured
construct is heterogeneous. The value of Cronbach’s alpha that is too high (> 0.90)
indicates that the test contains redundant items and can be shortened
(Tavakol & Dennick 2011).

Reliable results however do not guarantee that the test measures what it is
supposed to measure (Darr 2005a). The most important characteristic of test
instruments is their validity, which, to put it simply, is the degree to which a test
measures what it is intended to measure (Husremovi¢ 2016). There is content
validity, construct validity, criterion validity and consequential validity
(Darr 2005b). If one wants to determine whether students achieve desired learning
outcomes, content validity should be considered. Content validity indicates the
compatibility of the test content and the content of learning. It is usually verified
qualitatively, in a way that a panel of experts gives its opinion on the relevancy of
the test and whether the items are clear, understandable and solvable
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(Husremovi¢ 2016). To quantitatively analyze the content validity, one uses
quantitative item analysis and determines item sensitivity parameters like difficulty
and discriminative validity (Husremovi¢ 2016).

Item difficulty index (P) is determined after the test has been administered, tests
are marked and participants are ranked according to their total test score. One-third
of the participants make the “higher” group — those are the participants with the
best scores. One-third of the participants, with the lowest scores, make the “lower”
group. Item difficulty index is then calculated according to the formula

P—H+L 100
N

where His the number of correct answers on that item in the “higher” group, L is
the number of correct answers in the “lower” group and N is the total number of all
answers (correct and incorrect ones) on that item in both groups (Patel 2017). Items
with index difficulty P < 30% are considered too difficult, items with an index
between 30% and 70% are acceptable (difficulty index between 50% and 60% is
considered an ideal one), and items with index P > 70% are considered too easy
(Patel 2017).

Item sensitivity or discriminative validity indicates how much that item
differentiates the students according to what the test measures. The extreme groups’
method is one way to determine discriminative validity (Husremovi¢ 2016).
Participants are ranked according to their total test scores and the results of the
“higher” and the “lower” thirds are observed. Item discrimination index (d) is
calculated using the formula:

d=2 H-L
B N
where H is the number of correct answers on that item in the “higher” group, L is
the number of correct answers in the “lower” group and N is the total number of all
answers on that item in both groups(Patel 2017). Items with a discrimination index
d < 0.2 have poor discriminative validity, items with a discrimination index
between 0.21and0.24are acceptable, items with an index between 0.25 and 0.35
are goodand items with a value of index d = 0.36 are excellent (Patel 2017).

2. Methodology

2.1. Participants

380 students from six primary schools in Sarajevo (ages 12 — 13) participated in
this research. Since at the time of the research they were minors, consent for
conducting the research was requested and obtained from the Ministry of
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Education, as well as consent from the management of the schools where the
research was conducted. Participating students had 45 minutes for the test and they
did it in the presence of their mathematics teacher and the first author of this paper.

2.2. Tests

Three tests (Test 1, Test 2, and Test 3), with 12 items each, were created for the
needs of this research. Each of these tests had two variants (Test 1-A and Test 1-B,
Test 2-A and Test 2-B, Test 3-A and Test 3-B). Tests 1-A and 1-B had the same
items but in a different order. The same holds for Tests 2-A and 2-B, and Tests 3-A
and 3-B. This is a methodology APOSO uses inits testings, and the idea is that all
items should be in the first half of some variant of the test (so that it does not happen
that some item is poorly done just because it is at the end of the test). Within one
class, participating students were not given the same test, i.e., within one class all
three tests, Test 1, Test 2 and Test 3, were distributed.

The selection of items in the tests according to which standards they belong was
as follows: there was one item for each standard of low (two standards) and medium
level (six standards), and there were four items for different standards of high level.
One item for each standard of high level was not chosen, because then the test
would have 16 items, and half of them would be high-level items, i.e., more difficult
items. Therefore, the test would not be suitable for use in a 45-minute school lesson.
When creating the tests, approved literature for the curriculum according to which
the students attend classes was used.

2.3. Qualitative Validation

The tests were reviewed by three experts: two university professors, of which
one was an expert in number theory and the other in geometry and mathematical
education, while the third expert was a mathematics teacher who worked several
years in a state education agency. Experts suggested changing the wording in some
items, in order to make them clearer. After changes in wording, tests were
administered in schools.

2.4. Results and Discussion

The goal of this research was to create a reliable and valid test that would
correspond to standards in divisibility. Out of 36 items appearing in three tests, 12
items that give the best validity and reliability had to be chosen. In addition to the
results obtained from the quantitative item analysis, the criterion of representation
of the selected standards also had to be met. For the quantitative analysis, the
statistical software SPSS Statistics 20.0.0 was used.

Participants’ tests were reviewed and each item was scored with 1 or 0 points,
depending on whether they were done correctly or not. In total, 128 participants
were given some variant of Test 1, 127 participants were given some variant of Test
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2 and 125 were given some variant of Test 3. Since both variants of Test 1 had the
same items, only in a different order, during the analysis the order of items in the
two variants was adjusted and the results were observed as if it were a single test.
The same was done for Test 2 and Test 3.

2.5. Reliability and Item Analysis

For Test 1 Cronbach’s alpha was 0.692, for Test 2 it was 0.744 and for Test 3 it
was 0.738. The values of Cronbach’s alpha for Test 2 and Test 3 were acceptable,
while the value of Cronbach’s alpha for Test 1 showed this test needed some minor
modifications and changes in items (Patel 2017).

For each item from Test 1, Test 2 and Test 3, the associated level and standard
of the item, its difficulty index (P) and discrimination index d are presented in Table
1.

As can be seen from Table 1, only two items had poor discriminative validity
(d<£0.2): item 11 from Test 1 (d = 0.19) and item 7 from Test 3 (d = 0.14). Both
items had difficulty index P < 30%. Since these items were too difficult and of poor
discriminative validity, they were not considered as options for the final version of
the test.

Table 1. Quantitative item analysis

Test and item Item’s standard Difficulty index Discrimination
and level (P) index (d)
Test 1—item 1 3ML 29.1% 0.49
Test 1 —item 2 2HL 43.0% 0.63
Test 1 —item 3 1LL 54.7% 0.44
Test 1 —item 4 1ML 47.7% 0.35
Test 1 —item 5 SHL 45.3% 0.44
Test 1 —item 6 6ML 10.5% 0.21
Test 1 —item 7 2ML 65.1% 0.60
Test 1 —item 8 2LL 75.6% 0.40
Test 1 —item 9 6HL 33.7% 0.53
Test 1 —item 10 4ML 39.5% 0.65
Test 1 —item 11 8HL 9.3% 0.19
Test 1 —item 12 5SML 39.5% 0.56
Test 2 —item 1 2ML 64.3% 0.57
Test 2 —item 2 4HL 17.9% 0.36
Test 2 —item 3 2LL 77.4% 0.36
Test 2 — item 4 SML 41.7% 0.40
Test 2 —item 5 2HL 41.7% 0.55
Test 2 —item 6 IML 42.9% 0.67
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Test 2 —item 7 6ML 28.6% 0.57
Test 2 —item 8 ILL 86.9% 0.26
Test2 —item 9 8HL 13.1% 0.26
Test 2 — item 10 3ML 56.0% 0.50
Test 2 —item 11 1HL 54.8% 0.76
Test 2 — item 12 4ML 36.9% 0.40
Test 3 —item 1 6ML 31.3% 0.58
Test 3 —item 2 4HL 32.5% 0.41
Test 3 —item 3 ILL 63.9% 0.65
Test 3 — item 4 IML 50.6% 0.63
Test 3 —item 5 3HL 36.1% 0.67
Test 3 —item 6 SML 30.1% 0.51
Test 3 —item 7 2ML 9.6% 0.14
Test 3 —item 8 2LL 67.5% 0.39
Test 3 —item 9 SHL 25.3% 0.41
Test 3 —item 10 3ML 77.1% 0.48
Test 3 —item 11 7HL 30.1% 0.60
Test 3 —item 12 4ML 60.2% 0.39

Items 1 and 6 from Test 1, items 2, 7 and 9 from Test 2, and item 9 from Test 3
were also too difficult. Item 8 from Test 1, items 3 and 8 from Test 2, and item 10
from Test 3 were too easy (P >70%). The other 24 items had at least an acceptable
difficulty index and an acceptable discrimination index.

The next step was to choose 12 test items in a way that two of them represent
different low-level standards, six items represent different medium-level standards,
and four items represent different high-level standards. If for some standard there
was more than one option, the one with a better difficulty index and/or better
discrimination index would be chosen.

2.6. Final Selection of Items

Starting from items representing low-level standards, one can notice there were
two options for standard 1LL: item 3 from Test 1 (P = 54.7%,d = 0.44) and item
3 from Test 3 (P = 63.9%,d = 0.65). Both items had excellent discriminative
validity, but item 3 from Test 1 had an ideal difficulty index, so it was chosen for
the final version of the test. On the other hand, there was only one option for
standard 2LL, item 8 from Test 3. The other two items representing this standard
were discarded since they were too easy according to their difficulty index.

Using this idea, the following items representing medium-level standards were
chosen: for standard 1ML — item 4 from Test 1, for 2ML — item 1 from Test 2, for
3ML —item 10 from Test 2, for 4ML — item 12 from Test 3, for SML — item 4 from
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Test 2, and for 6ML — item 1 from Test 3.

The following step was to choose four items representing different high-level
standards. First, there were 12 high-level items (four high-level items in each test),
but after eliminating items that were too easy or too difficult, or with poor
discriminative validity, there were eight high-level items left. Tests where those
items were initially placed, the standards they represent, and their difficulty and
discrimination indices are presented in Table 2.

For the final test, the following items were chosen: items 2 (2HL) and 5 (SHL)
from Test 1, item 11 from Test 2 (1HL), and item 11 from Test 3 (7HL). This
completed the test with 12 items that covered all low level and medium level
standards, and four different high level standards.

Besides covering desired standards, all chosen items had at least acceptable
difficulty (three had ideal difficulty), and 11 out of these 12 items had excellent
discriminative validity. The remaining item had good discriminative validity. The
final version of the test is given at the link in NOTES®.

Table 2. Difficulty and discrimination indices of eight highlevel items

Standard Test 1 Test 2 Test 3
1HL Item 11
P =54.8%,d = 0.76
2HL Item 2 Item 5
P =43%,d = 0.63 P =41.7%,d = 0.55
3HL Item 5
P =36.1%,d = 0.67
4HL Item 2
P =325%,d =041
SHL Item 5
P =453%,d = 0.44
6HL Item 9
P =33.7%,d = 0.53
7HL Ttem 11

P =30.1%,d = 0.60

3. Conclusion

This research focused on constructing a reliable and valid test for the divisibility
area covered in primary school. The goal was to develop a test for efficient
assessment of students’ understanding of divisibility, as well as for identification
of eventual difficulties or deficiencies in their knowledge.

The first step in the test construction was determining learning outcomes and
standards covering the divisibility area learned in the sixth grade of primary school.
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Then, three versions of the test were developed, which were administered to
participants, after qualitative validation by three experts.

The reliability of tests, i.e., consistency of testing results, was checked using
Cronbach’s alpha. The validity of tests, i.e., how precisely and correctly tests
measured what they were intended to measure, was checked qualitatively
(experts’ opinions) and quantitatively (item analysis). Using difficulty and
discrimination indices, and the idea that the test had to have 12 items covering all
low-level and medium-level standards, as well as four different high-level
standards, the final version of the test was constructed.

The results of this research show that the constructed test for the divisibility area
is a reliable and valid test instrument. It has the potential to be used in classroom
settings or at the state level, as an effective tool for the assessment of
students’ understanding of divisibility, which can provide useful information to
teachers and school administration.

This test can be improved or changed according to the testing needs. One option
is to put open-ended questions. In further research, the plan is to use this test to
determine students’ achievements in divisibility depending on the curriculum
according to which they attend classes in Bosnia and Herzegovina.
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