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Abstract 

 
The objectives of research are to reduce dimension of ordinal data using factor analysis based on 

weighted ranking correlation. In general, the correlation is used Spearman ranking correlation.  This 
papers will discuss about application of both methods on the case of simplify of student’s perception 
variables on math lessons.  The samples of this research are 791 students which consist of questionnaire.   
Factor analysis based on the weighted ranking correlation have given the results the number of factors 
and variables domination on factors more good than Spearman ranking correlation.  The factors that 
influence perception of senior high school students towards Math lesson are an internal motivation of 
students, negative assessment of the Math lesson, teaching methods of Math teacher, habit of learning of 
students in Math and the support of parents, and knowledge of impact and benefits of Math.   
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I. INTRODUCTION 

Collection of data using questionnaire that contains some statements with closed 

answers in a form multiple choices, often ease for respondent to fill the questionnaire. 

Prayudi and Kariyam, (2009) have examined the measurement models E-learning 

Readness Index (eLRI) as a tool of evaluating the implementation of e - learning in the 

UII.  This indexes is calculated based on the data set that includes the type of metrics, 

and to collect questionnaire used data.  Answer of the questionnaire was designed such 

that the data gathered, will have an interval scale, and respondents can provide an 

assessment on a range of value. One of example statement in the indicator, that is "How 

does the assessment about the seriousness of the students in conducting with e-learning 

system" then the answers given by the following forms:  

 
One difficulty of answers on the questionnaire above, if done manually, is read 

correctly from the answers of respondents who replied by giving a cross at any point 
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within the interval.  Suppose that the respondents provide an assessment as showed in 

the figure above, and then the answer in question is 5.6. Organization of data involving 

respondents in large numbers by using the model answers on the questionnaire, likely to 

lead to the occurrence of errors, especially when entering data into the computer. 

Questionnaires with these forms is to be made easier when a computer-based systems, 

where the respondent is using the mouse to draw a line to a point corresponding 

assessment. The touch of the electronic medium is becoming increasingly expensive and 

difficult, especially if respondents are not accustomed to using computers. This means 

that the questionnaire model is not flexible to be applied.  

Base on the advantages and disadvantages of the model questionnaire above, 

preferably  uncommon use the model questionnaire with multiple choice answers are 

ordinal type.  For example the study aimed to determine the group factor in the process 

of high school students perceived learning mathematics judged satisfactory, then the 

questionnaire can be presented in the closed answer as follows: 

 

Table 1.  Example for Questionnaire  

No. Statements 
Assessment  

Strongly  
Agree Agree  Disagree Strongly  

disagree 
 

1. Math is a subject that I like       

2. Learning Math is fun      

3. I never study mathematics, because 
mathematics is a difficult lesson      

4. If there are additional hours of math, I 
do not want to follow       

5. 
Teacher of Math uses the computer for 
teaching so I was motivated to learn 
math 

    

 

Presentation in another form by asking respondents to give a single answer 

choice, with a similar meaning, for example “The way of teaching can to prod me to 

study Math better”, with model answers as follows:  

a. Strongly agree 

b. Agree  
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c. Disagree  

d. Strongly disagree   

 

The advantages of both forms of writing of the questionnaire are easy to answer, 

because the choices are a direct answer, so it is relatively easier for the respondent. 

Moreover, the process of gathering and data entry into a computer had a smaller chance 

of error. Thus both the respondent and researcher are relatively simplified by a 

questionnaire.  Some facts gave the reason that these questionnaires presenting models 

above more preferable than to assign a value in any point on the range of interval.  

Disadvantage when possessed as categorical data set is limited in choosing the method 

of analysis.  

Base on the background above in this paper will be discussed factor analysis for 

data sets with ordinal scale based on weighted ranking the data. Furthermore, this 

method will be applied to reduce the dimensions of the variables relating to the 

assessment of high school students on the subjects of Mathematics.  The purpose of this 

study is to provide another alternative  factor analysis in particular with respect to 

ordinal data. Benefit from the application of this method for reduction variable 

dimension  with respect to the perception students towards mathematics courses is to 

know the groups of variables which assessed students is satisfactory. The results are 

expected to provide input for the school, teacher with fields of study of math, and 

parents to continuous improvement. 

  

 

II.    RESEARCH METHOD  

 

This article is part of a research by author about the distance measure based on 

the weighted of pattern structure and entropy in a non-metric data type object.  In this 

article will be discussing about the use of ordinal data transformation methods that have 

been proposed by Kauffman and Rousseauw as an intermediate step in the process of 

factor analysis. This result will be compared with factor analysis using Spearman 

ranking correlation.  Furthermore, both methods will be applied if of high school 

students' perceptions of math lesson.  The factor analysis procedure for ordinal data is to 
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determine the weighted of the pattern structure, and then used to calculate the 

correlation matrix as the basis of factor analysis.  An outline of the procedure in terms 

of case studies is distributing questionnaires that have been valid and reliable to 791 

high school students who are spread across 12 public and private high schools in 

Magetan district.  

Tool of data collection used in this study is a questionnaire enclosed with the 

model answers as showed in table 1. Indicators of perceptions of high school students 

toward mathematics lesson outlined in 20 statements, that is Mathematics is a subject 

that I like (V1), Math is fun (V2), I never want to learn Math because Math is a difficult 

subject (V3) , If there are additional hours of math, I do not want to follow (V4), I am 

most happy to work on the problems of Mathematics (V5), My Math notes is never 

complete (V6), If there is Math homework, I always plagiarize a friend (V7), Math is 

not used in daily life (V8), Learning Mathematics is very useful for the future (V9), If 

mastering math, it will be easy to master other subjects (V10), I will learn mathematics 

just as there will be a test (V11), Math teacher explains clearly (V12), The way of Math 

teach, can to prod me for study Mathematics better (V13), My Math teacher can provide 

the motivation to fun with Math (V14), teachers use computer tools at the time 

Mathematics lessons that can keep me motivated to learn Math (V15), My parents 

always motivated me to learn Mathematics (V16), My parents always taught me Math 

when I was studying at home (V17), I often learn Math together with my friends (V18), 

I would much prefer to learn and do the job instead of playing (V19), and even though I 

studied hard, I can’t understand Math (V20). 

Data analysis that used in this study preferred to use factor analysis of ordinal 

data based on a weighted ranking.  The essential purpose of factor analysis is to 

describe, if possible, the covariance relationship among many variables in terms of a 

few underlying, but unobservable, random quantities called, factors.  Suppose variables 

can be grouped by their correlations, where all variables within a particular group are 

highly correlated among themselves but have relatively small correlations with variables 

in a different group.  

 

The observable random vectors X, with p components, has mean  and 

covariance, .  The factor models postulates that X is linearly dependent on a few 




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unobservable random variable F1, F2, F3, … , Fq called common factors, and  p  

additional sources of variation  called error or specific factor.  Suppose L 

denote as the matrix of factor loadings, then model in matrix notation is below:  

      (1) 

The factor loadings can be derived from correlation matrix R, for example 

Spearman ranking correlation.  The principal component of factor analysis of the 

sample correlation matrix R is specified in terms of its eigenvalue-eigenvector pairs 

, where . Let  be the number of 

common factors. The matrix of estimated factor loadings  is given by 

  (2) 

In special case if  q  factors that included within analysis much enough, say  , then 

sometimes there are difficulty for interpretation of factors, because variables Xi  that 

explained for q factors. To overcome this case, then done one of rotation there is 

varimax rotation.   

Christopher, Z., 2003, reviewed the agglomeration grouping of the data as 

rankings, based on the proposal of Kaufman, and Rousseuuw, 1990, which suggests the 

form of transformation  the ordinal type of data through two stages.  Suppose that a 

variable of type of ordinal  with  categories sequential, then the phase 

transformation is conducted as follows:  

(i) Replace  with this rank  .    

(ii) Transform    to unit interval by calculating:   

          (3)  

Furthermore, the results of this transformation will be used as a basis for calculating the 

correlation matrix in factor analysis.  In principally this way is uncommon, but it is 

expected can be used as alternative of validation in factor analysis.  This results will be 

compared with factor analysis using the Spearman correlation matrix.  

  

III.  RESULT AND DISCUSSION  
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The first step in the process of data analysis is to transform the ordinal as unit 

interval with use the equation (3), and further processed by factor analysis.  Conformity 

all assumptions in factor analysis have been checked. Furthermore, based on minimal 

eigen value 1, then obtained five factors from 20 variables, as shown in figure 1.   

 

 
Figure 1.  Eigen Value and Total Variance Explained  

 

The proportion of the total population variance from rotation that can be 

explained by the first factor of 13.8%, the second factor 12.5%, 10.7% third factor, the 

fourth factor 10.2%, and the fifth factor 8.4%.  All these factors can explain the total 

variance of the population 55.7%, as shown in Figure 1. Furthermore, based on the 

rotated component matrix, then some variables that dominate each factor is as shown in 

Figure 2. below.  
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Figure 2.  Rotated Component Matrix  

 

Based on the rotated component matrix, then variables that dominated each 

factor are as follows:  

a. The first factor dominated by three variables, that is Mathematics is a subject that 
I like (V1), Math is fun (V2), and I am most happy to work on the problems of 
Mathematics (V5).  Further, this factor called internal motivation of students.   

b. The second factor dominated by six variables, that is I never want to learn Math 
because Math is a difficult subject (V3),  If there are additional hours of math, I do 
not want to follow (V4),  My Math notes is never complete (V6),  If there is Math 
homework, I always plagiarize a friend (V7), I will learn mathematics just as there 
will be a test (V11), and even though I studied hard, I can’t understand Math 
(V20).  This factor is called as negative assessment of the Math lessons.  

c. The third factor dominated by three variables, that is Math teacher explains clearly 
(V12), the way of Math teach, can to prod learning of Math better (V13), My 
Math teacher can provide the motivation to fun with Math (V14).  This factor 
called as teaching methods of Math teacher.  

d. The fourth factor dominated by five variables, that is teachers use computer tools 
at Math lessons that can keep me motivated to learn Math (V15), My parents 
always motivated me to learn Math (V16), My parents always taught me Math 
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when I was studying at home (V17), I often learn Math together with my friends 
(V18), I would much prefer to learn and do the job instead of playing (V19). This 
factor called habit of learning of student in Math and the support of parents.   

e. The fifth factor dominated by three variables, that is  Math is not used in daily life 
(V8), Learning of Math is very useful for the future (V9), and, if mastering Math, 
it will be easy to master other subjects (V10).  This factor called as knowledge of 
impact and benefits of Math.  

 
The result of data analysis using the factor analysis based on the Spearman 

ranking correlation as below: 

 
Cumulative percent of variance that explained by the fifth factors is 55.7%, and 

its value the same with factor analysis based on the weighted ranking correlation.  Even 
though, relative difficult to interpretation of each factor because majority variables have 
been dominated in the first factor. The number of factors if doing by rotation is 13 
factors, and of course this value is bigger.  So, this result is not better than factor 
analysis based on the weighted ranking correlation.   

More detail of percentage observations to the achievements  of high school 
students who expressed at least agree to the statement about the perceptions of students 
towards Math lesson, as shown in Figure 3. below.  
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Figure 3. Percentage of High School Students with a Minimum Agree Perception 

 
The student with the perception that Math is a subject that they like and Math is 

fun around 60%.  Whereas, the student with statement that they most happy to work on 
the problem of Math are around 43%.  It is showed that the student have relatively a 
good internal motivation.  Majority of the student disagree with contents of variables in 
the second factor.  Around 83% of students disagree with statements that they never 
want to learn Math because Math is a difficult and they do not follow to additional 
hours of Math. Similarly, around 65% of students disagree with statement that they 
can’t understand Math even though they studied hard.  Meanwhile, around 75% of 
students have a complete of notes of Math and they will learn Math not only when they 
have exam. Around 66% of students not plagiarize a friend when they have Math 
homework.  In general, majority of students disagree with the negative assessment of 
the Math lessons. Nevertheless, the habit of plagiarize a friend for Math homework to 
be apprehensive, except in context discussion.  At least 74% of students have a good 
perception about teaching methods of Math teacher.  The students agree that the Math 
teacher have explained clearly and Math teacher can provide the motivation to learn of 
Math better. Majority of Math teacher not use computer as tools to teach.  Around 39% 
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of parents have taught Math at home, and 69% of parents have given support to study 
Math. Around 64% of students learning habit are together with their friends.  Majority 
of students have a good perception about knowledge effect and benefit of Math.  
Percentage showed it of students that agree and strongly agree to statements learning of 
Math is very useful for the future and if mastering Math, it will be easy to master the 
other subjects, accomplished more than 80%. In general, the students of high school in 
Magetan have a good perception about Math lessons.  

 
IV.   CONCLUSION AND SUGGESTION  

The weighted ranking pattern can be used to intermediate step in factor analysis. 
Application this method to case of perception of senior high school student showed a 
good result than factor analysis based on the Spearman ranking correlation.  The factors 
that influence perception of senior high school students towards Math lessons are an 
internal motivation, assessment to Math lesson, teaching method of Math teacher, habit 
of learning of students on Math lesson, and support of parents, and knowledge of impact 
and benefits of Math. 
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