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Abstract—The quality of an instrument considerably
determines the quality of the obtained data. The accuracy of a
research finding is determined by the quality of its data.
Therefore, the quality of one instrument determines the results of
research. The quality of instrument used in measuring
mathematical reasoning ability was analyzed by including 6
indicators of mathematical reasoning ability and involving 332
students of the Junior high school in Samarinda. They were
selected by using Proportional Cluster Random Sampling
method. The quality of instrument items was analyzed by using
SPSS program and LISREL 8.8. The research findings showed
that the instrument for mathematical reasoning ability had met
the requirements of content validity, construct validity, moderate
reliability coefficient, statistically significant discriminating
power and moderate difficulty index. Therefore, this instrument
had met the requirement of the instrument with a good quality.
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I. INTRODUCTION

In learning activities, there is a relationship between
objectives, educational experiences and evaluation procedures.
[1]. The effectiveness of the process in achieving instructional
objectives can be identified through an evaluation procedure.
One form of evaluation outcome is feedback on students’
learning progress. The quality of feedback is considerably
dependent on the quality of data or information which is
obtained through the application of a measuring instrument.
Thus, the quality of measurement instrument determines the
quality of data or information that had been collected.

Based on the result of evaluation in schools, the eighth
grade students’ achievement in Math was still low (the average
of 69.80) and this was below the Minimum Mastery Criteria
(78) in one school in Samarinda Ulu Sub-district. One of the
factors contributing to the low achievement was related to their
mathematical reasoning ability. This was indicated by the fact
that when the students were in the process of learning, they
were not able to interpret the mathematical problems well,
especially the question which needed an explanation. They also
found difficulties when the mathematical problems were
presented in a different way. This condition indicates that
students still have low reasoning ability. Indeed, some students
said that math lesson is difficult and uninteresting. In addition
to reasoning ability factor, the quality of instrument used in

measuring the students’ learning achievement also contributes
to the students’ low achievement.

II. REVIEW OF LITERATURE

Measurement refers to the application of rules in order to
give scores to the object to show the quantity of the object
attribute [2]; or a systematic way to state an individual
condition [3]. Therefore, a measurement activity is the
application of number to an object by following certain rules to
demonstrate the condition of the individuals being measured.
According to the theory of measurement, the substance being
measured must have only one dimension [4]; the investigation
of un-dimensionality commonly uses Structural Equation
Modeling Approach [5]. Moreover, the quality of a test also
covers the requirement of validity, reliability, and objectivity
[6]; or item difficulty, item discrimination, reliability, and
validity [7]; as well as distracter analysis [8]. Validity can be in
the forms of content validity and construct validity. Construct
validity of one instrument can be seen from its construct, that
is, measuring based on what has been planned and based on its
underlying theories. The procedure of analyzing construct
validity can be done through Factor Analysis with explanatory
factors analysis [7]. This implies that achieving un-
dimensionality of one instrument also means achieving
construct validity of the instrument.

Mathematics is related to the exploration of mathematical
concepts which are obtained from a study on space and number
[9]. Space and number are abstract, meaning that math has an
abstract object and they are organized from hierarchical
concepts. The existing concepts are the foundation of the
emergence of new concepts. The objects in the math lesson
include facts, concepts, principles and skills [10]. In order to
understand the concept of one particular mathematical material,
it is required to understand the concept which precedes it by
applying the pattern of deductive thinking. Soedjadi [11] stated
that one of the mathematical characteristics is deductive
thinking patterns. ~ With its deductive thinking patterns,
mathematics becomes a primary means of reasoning. Brodie
[12] stated that “Mathematical reasoning is reasoning about
and with the object of mathematics”. This means that in
mathematical reasoning, mathematics becomes a means as well
as a subject of mathematical reasoning, especially deductive
reasoning. This deductive reasoning skill underlies the
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emergence of inductive reasoning skill. These two forms of
reasoning support one’s success in understanding mathematical
concepts.

Copi [13] stated: “Reasoning is a special kind of thinking in
which inference takes place, in which conclusions are drawn
from premises”. Reasoning is related to high-order thinking
activities in order to draw conclusions from premises or
statements which are already known to be true. Reasoning
consists of deductive and inductive reasoning. Deductive
reasoning process starts from general knowledge to specific
knowledge through the rules of arguments and syllogisms. The
conclusions of deductive reasoning are valid if the premises are
also valid, and vice versa. The process of deductive proof will
involve mathematical theories or formulas which have been
proved to be true deductively. In inductive reasoning, one can
have new knowledge by observing surrounding nature and
facts, and then drawing general conclusions. In inductive
reasoning, the required premises are not known. Drawing
conclusion in inductive reasoning is opposite to drawing
conclusions in deductive reasoning.

Understanding mathematical materials required reasoning
and the process of reasoning can be applied and trained through
mathematics learning. This condition shows that mathematical
materials and mathematical reasoning are two things which are
related to each other. Therefore, the perception of students
toward mathematical problems will influence their thinking
patterns about mathematical problems and their solutions.
Bloom, Madaus, & Hastings [14] stated that cognitive domain
covers: Knowledge, Comprehension, Application, Analysis,
Synthesis, and Evaluation. These six levels of the intellectual
ability really support the students’ reasoning skill, especially
when they are applying the process of analytic thinking.

Robbins & Judge [15] stated that ability is a skill or a
potential that someone possesses in accomplishing various
tasks or jobs effectively. Ability consists of two types, namely
(1) intellectual ability, that is, the ability which is required to
do various mental activities, including reasoning and solving
problems, and (2) physical ability), that is, the ability to
accomplish jobs which require stamina, skills, power, and the
like.

The level of students’ mathematical reasoning ability can
be identified through indicators of success. Based on [16]
concerning the evaluation on the development of junior high
school students, the indicators of reasoning ability as
mathematic learning achievement can be identified as follows:
(1) Making assumptions; (2) Doing mathematical
manipulation; (3) Drawing conclusions, preparing proofs,
giving reasons or proofs to the valid solutions; (4) Drawing
conclusions from statements; (5) Investigating the validity of
one argument; and (6) Identifying the patterns or the features of
mathematical phenomena to make generalizations. Based on
these conditions, students are considered being able to reason if
they are able to make assumptions to the solution of a problem,
able to do mathematical manipulation to make generalizations,
preparing proofs or offering ideas from mathematical
statements and able to draw conclusions.

The ability in mathematical manipulation refers to the
students’ ability in doing or accomplishing one problem so that
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the expected goals are achieved. The ability in drawing
conclusions refers to the thinking process in which students
empower their knowledge to bring about a thought or concept.
Students’ reasoning ability can also be seen from their ability
to investigate the validity of an argument, that is, the ability
which requires students to find out the validity of an existing
statement. The ability to find the patterns or features of
mathematical phenomena is required to make generalizations.
In addition, reasoning ability is also needed to measure the
success in identifying patterns of a statement to be developed
into mathematical sentences.

Reasoning ability refers to one’s skill in mastering thinking
process in order to be able to draw conclusions. Therefore,
mathematical reasoning ability of the students is measured by
using a test of reasoning ability with the following indicators:
(1) making assumptions; (2) doing mathematical
manipulations; (3) drawing conclusions, preparing proofs to the
validity of solutions; (4) drawing conclusions from statements;
(5) investigating the validity of an argument; and (6)
identifying the patterns of features of mathematical phenomena
to make generalizations.

III. RESEARCH METHOD

This research was conducted in Samarinda and involved
332 students. The sample consisted of the students of SMPN 1,
SMPN 4, SMPN 5, SMPN 22 Samarinda taken by using
Proportional Cluster Random Sampling technique, (in which
the sample was selected from the members of population
randomly and proportionally). The size of the research sample
was determined by using empirical formula given by [17], such
as Eq. 1.

X2.N.P(1-P)

S=— _
d2(N—1) + X?P(1— P)

(1)

S is the sample size as the result of calculation; N is the
size of population; P is the proportion of sample who
answered the questions correctly; taken P=0,50; d is the degree
of accuracy which is reflected by the number of errors that can
be tolerated in the fluctuation of sample proportion, in which
the value of d is 0.05; X2 is table value of chi square for one
degree of freedom relative to the desired level of confidence,
which was 3.841 at the significance level of L= 0.05.

The result of this calculation determines the number of
classes which were going to be used as research sample,
namely 11 classes with the total of 332 students. The classes
were taken randomly and the following classes were selected:
(1) SMPN 1 Samarinda with the total of 78 students from grade
VIIID, VIIIF, VIIIG; (2) SMPN 4 Samarinda with the total of
64 students from grade VIII5, VIII7; (3) SMPN 5 Samarinda
with the total of 128 students from grade VIIID, VIIIH, VIIIJ,
VIIL; and (4) SMPN 22 Samarinda with 62 students from,
grade VIIIG, VIIIJ.

The data of this research were collected by using an essay test.
The test was used as an instrument to measure the students’
achievement in Math. The test was constructed by the
researchers using the materials for grade VIII of junior high
school, consisting of 10 items of essay questions. Each
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question item was scored by using a scale of 0 to 10, which
means that the minimum score of each answer was 0 and the
maximum score was 10. The instrument was constructed based
on the 6 indicators of reasoning which were stated in a test
specification Table I.

TABLE L. TEST SPECIFICATION OF REASONING ABILITY
Variable Indicators Item No.
Making assumptions 1,2
Doing mathematical manipulations 3

Drawing conclusions, preparing proofs,
giving reasons or proofs to the validity | 4,5
of solution
Drawing conclusions from statements 6,7
Investigating the validity of an argument | 8

Identifying patterns or features of
mathematical phenomena to make | 9,10
generalizations

Reasoning
ability

The quality of the instrument was assessed in terms of
difficulty index, discriminating power of each item, content
validity, construct validity, and reliability of the test. To
determine the difficulty index (DI), the following criteria were
used: DI > 73% (Easy), 27% < DI < 73% (Moderate), and DI <
27% (Difficult). To determine the difficulty index of each test
item, the following rule using Eq. 2.

. _Dt+Dr

— x100% ©)
Za TTTa 7T

Other data were analyzed by using SPSS program and
LISREL 8.8.

IV. RESULTS AND DISCUSSION

A. Content Validity

Based on the specification of the instrument for measuring
the students’ mathematical reasoning ability, it was found that
this specification had covered the types of variable, indicators
to measure the objective achievement (behaviors), and the item
numbers which were relevant to the indicators for mathematics
materials. The entire questions (starting from number 1,2,3...,
10) were organized based on the specification of the instrument
and each item number matched with its indicator. Therefore,
the content validity was fulfilled.

B. Construct Validity.

Construct validity was assessed to prove if the items of
mathematical reasoning ability was constructed based on its
underlying theories. In addition, this assessment also intended
to prove if the instrument for mathematical reasoning ability
had met the unidimensional requirement. The assessment of
unidimensional requirement for instrument was also to prove
that the instrument measured only one type of trait latent, that
it, students’ reasoning ability in mathematic field.

The construct validity was assessed by using the sample
size of 332 students with Structural Equation Modeling (SEM)
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approach with the help of LISREL 8.8 program. The
operationalization of SEM used estimation method of ME=ML
(Maximum Likelihood). The result of SEM analysis was
presented in a standardized condition Fig. 1. and in a T-value
condition Fig. 2.
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Fig. 1. The result of SEM analysis using LISREL Program (Standardized
Condition)

Based on the result of SEM analysis for overall goodness of
fit model, it was found that the value of Goodness of Fit Index
or GFI = 0.93. By fulfilling one requirement of this Goodness
of fit (even though the value of RMSEA=0.098, slightly higher
than 0.08; and only Goodness of Fit Index which was higher
than 0.90); the overall model fitted between data and
measurement model [18].
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Fig.2. The result of SEM Analysis with LISREL program (T-value
Condition)

Moreover, the result of Goodness of fit test for the model
based on the predicted parameter testing (Lambda, Gamma,
Beta, Delta, Epsilon) for the model of T-value showed a
significant result for the entire model. This condition indicated
that construct validity had been met, meaning that the
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instrument had been constructed based on its underlying
theories and the unidimensional requirement for the instrument
had also been met.

C. Discriminating Power

Item discriminating power index for mathematical
reasoning ability was identified by using t-test analysis [19]
with the help of SPSS program. Item discriminating power was
investigated by determining the statistically significant
difference of mathematical reasoning ability between upper
group and lower group. An item can be categorized as having
a good discriminating power if the result of t-test is significant
at the significance level of a. The result of t-test analysis can
be seen on Table I1.

Discriminating power index is shown by whether the result
of t-test is significant or not. The result of analysis showed that
all items in the test instrument for students’ mathematical
reasoning ability were statistically significant at a=5%.
Therefore, all of the items were able to discriminate
mathematical reasoning ability between students with low
ability and those with high ability.
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The result of analysis showed that all test items had
moderate difficulty index. This condition indicated that all
items were feasible to use for collecting further data.

TABLE III. THE RESULT OF DIFFICULTY INDEX ANALYSIS
Difficulty Index for 27% of students in group
Item m Dt Dr Tk Conclusion
No.
1 10 60 19 49% Moderate
2 10 50 16 41% Moderate
3 10 72 43 72% Moderate
4 10 74 34 68% Moderate
5 10 74 38 70% Moderate
6 10 74 39 71% Moderate
7 10 74 40 71% Moderate
8 10 80 10 56% Moderate
9 10 74 37 69% Moderate
10 10 72 42 71% Moderate

TABLEII. ITEM DESCRIMINATING POWER INDEX
ifsrtnrir(r)ll::n " t-computed Stat.Sig. (S;f;;/:‘/d Conclusion
Item 1 3.707 0.000 0.05 Significant
Item 2 12.011 0.000 0.05 Significant
Item 3 6.377 0.000 0.05 Significant
Item 4 5.973 0.000 0.05 Significant
Item 5 6.302 0.000 0.05 Significant
Item 6 10.387 0.000 0.05 Significant
Item 7 13.666 0.000 0.05 Significant
Item 8 5.270 0.000 0.05 Significant
Item 9 6.333 0.000 0.05 Significant
Item 10 5.756 0.000 0.05 Significant

D. Reliability

Coefficient of reliability was tested by using Cronbach’s
Alpha with the help of SPSS program and the result of the
analysis is as follows.

Reliability Statistics

Cronbach's

Alpha I of lterms

622 10

Based on the result of analysis with the help of SPSS, the
coefficient of reliability using Cronbach’s Alpha was 0.622 for
10 question items in the instrument of students’ mathematical
reasoning ability. The coefficient of reliability was categorized
as moderate.

E. Difficulty Index

The instrument for students’ mathematical reasoning ability
used essay question items. The result of analysis for its
difficulty index can be seen on Table III as follows:

A qualified measurement tool is needed in measurement
practice. Such tool will help obtain accurate research data so
that the information provided is also accurate. The research
findings showed that the instrument for measuring
mathematical reasoning ability has met the requirements of
content validity, construct validity, reliability with a moderate
reliability, statistically significant discriminating power for
each item, and moderate difficulty index. Therefore, this
instrument can be categorized as an instrument with a good
quality. The application of this instrument in measurement
practice is expected to bring about more accurate data so that
the information given is also accurate.

Reasoning ability covers various indicators such as follows:
(1) making assumptions; (2) doing mathematical
manipulations; (3) drawing conclusions, preparing proofs,
giving reasons or proofs to the validity of solutions; (4)
drawing conclusions from statements; (5) investigating the
validity of arguments; and (6) identifying patterns or features
from mathematic phenomena to make generalizations. In
mathematic field, reasoning ability with these 6 indicators is
suitable with the need of the students to think mathematically.
This condition supports the research findings on reasoning
ability in mathematic field. A research finding from [20]
showed that reasoning ability affected students’ ability in
solving questions at the VII grade of MTs Nurul Huda
Mangkang Semarang with the percentage of 22.9%.

The quality of instrument for mathematical reasoning
ability was analyzed by using quantitative approach. This
approach gives an emphasis on numeric/quantity aspect. The
analysis can be done in different way, using qualitative
approach, including an analysis on the aspects of (a) test
materials, (b) test construction, and (c) language.

V. CONCLUSION

The result of data analysis which included content validity,
construct validity, discriminating power, reliability, and
difficulty index of the instrument for students’ mathematical
reasoning ability showed that the instrument had fulfilled the
requirement as a good instrument. The application of one
instrument to collect data needs to be analyzed in order to
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obtain an quality instrument. The quality aspects of analysis are
diverse depending on the types of instrument, measurement
approach used and so forth.
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