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Abstract

Different scenarios of examinations have to be handled separately when measuring the true performance
of students. If examiners are required to compare the performance of different groups of students who
follow different combinations of subjects in an examination, their combined raw scores have to be used.
In this case the raw marks can be combined by using a linear equation called a selection index. A proper
selection index should correctly address two types of competitions; namely within course competition and
between course competition. Although different selection indices were introduced to address these issues
in literature, these methods fail to fulfill the requirements expected from a proper selection method. The
main objective of this study is to introduce a new selection index called Skewness based Common
Currency Index (SCCI) which addresses both within course competition and between course
competitions. The proposed method considers the relative subject effects, and these effects are identified
by introducing a shape parameter to the selection index. The favorability of the proposed SCCI method is
compared with three alternative selection indices. According to the statistical analysis it is found that
there is a significant difference of ranks between the selected indices at 5% significance level. Further, the
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rank differences between the ranks of the SCCI method with the ranks of true student effects show
smaller deviations with compared to the rank differences of the ranks of the other three selection
methods. Based on the results of Wilcoxon rank sum test, it is revealed that the ranks of SCCI method are
much closer to the ranks of the student effects than other three selection methods. Also the ranks of SCCI
method have the highest correlation with the ranks assigned to the true student effects. According to the
overall results it was confirmed that the new SCCI method can be used as a selection index to compare
performance of examinees who follow different courses in an examination.

Keywords: Within course competition, between course competition, subject effect; student effect; selection
index.

1 Introduction

1.1 Background of the study

Measuring the true score or true performance of each examinee is the major goal of any examination. The
raw marks of an examinee may include not only the student ability but also some impacts from the subject,
and other factors which cannot be easily identified. For example, the impacts of a subject may depend on the
content of the exam paper [1], and/or the syllabus of the subject.

The term ‘relative difficulty of subjects’ is used to describe the impact of subjects in the literature. Coe [1]
published his investigation on finding the relative difficulty of subjects by using statistical and judgement
methods. In his study, subject pairs analysis, common examinee linear models and latent trait models were
used as statistical methods while reference tests and ‘value-added’ methods were used as judgement
methods.

If the impact of a subject is called as the subject effect, the following conceptual frame work is valid for
examination scores of students.

@ - RAW STUDENT'S
MARK ABILITY

Other Factors

Fig. 1. Conceptual frame work

According to the above frame work, performance of student should be ranked based only on the ability of
student by removing subject effect differences. Here, the other factors are considered as negligible. This
removal has to be done when identifying a selection index. Therefore, the coefficients of the selection index
should be selected in such a way that it minimizes the subject effect differences. If not, some subjects will
get an unfavorable advantage over other subjects in the selection index. To identify the subject effects,
central tendency measured were used in the literature.
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Since the subject effects of raw marks are different from one subject to another subject, different scenarios of
examinations have to handle separately when measuring the true performance of students. Some of these
situations can be identified as follows:

(i). For the same subject, if one examination cannot be given to all students, then different examination
papers have to be used to measure the performance of students.

(ii). The same group of students may sit for test papers of different subjects, and finally a combined
score may be required to measure their ability.

Therefore, subject effects can be identified when comparing test scores of different examination papers of
the same subject, or when comparing the test scores of different subjects separately.

Calculating subject effect is a highly critical task without having a prior knowledge about the examination
paper, since subject effects are highly related to the structure and the standard level of the examination paper
and a content of the subject. In order to measure the subject effect differences, different types of equating
methods and test designs are available in the literature [2-4]. These equating methods are based on statistical
techniques which are used to adjust scores on test forms. By carrying out this equating procedure, scores on
the test papers can be made interchangeable [3], even though the test papers consist of different items
(questions). When applying them in practical situations, an examiner may want to do a pilot test to select the
most suitable parameters of his selected equating method, or he may directly apply a method of his choice
using operational data after conducting the examination. These two practical approaches are called as pre-
equating and post-equating [5], respectively. Each of these two methods has its own benefits and
drawbacks.

Other than the above mentioned two situations, there are some special cases where examiners need to
compare the performance of different groups of students who follow different combinations of subjects in an
examination. In such a situation, not only the subject effect, but also the course effect has to be considered
when comparing student ability.

When considering the course effects, a combination of raw marks of subjects plays a major role. The raw
marks can be combined by using a linear equation called a selection index. When considering a proper
selection index, it should correctly address two types of competitions; namely within course competition and
between course competition. Competition between the students who follow the same course is defined as the
within course competition, and the competition between students who follow different courses in the same
examination is called the between course competition. If any selection index can correctly address the within
course competition, then it is suitable as a selection index for within course selection. Similarly, if any
selection index can correctly address the between course competition, then it is preferred in a situation where
the selection is aimed for between course selection. Subject effects have to be considered for within course
selections, and course effects have to be considered for between course selections.

Average method and Z score method are the two common selection indices used for combination of raw
marks. In 2007, Wijerathne [6] has conducted an investigation to identify the anomalies when using average
method as a selection index. According to his study, averaging raw marks fails to address within course
competition since it does not consider the subjects effects within the course. Further, he suggested to use a
scaling for location dispersion of the distribution of marks. Arivalzahan [7] and Rambukwella [8] have
discussed the anomalies in the Z-score method when comparing the performance of different groups of
examinees.

1.2 Selecting a proper selection index

If a particular course contains m subjects, then a selection index for a student who follow this course can be
expressed as a linear combination Y of raw marks as,

Y=a0X,+a, X, +a;X;+...4a,X,, (1)
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where X ; represent the raw marks of a student for the J th subject, and a ; represent the j th subject effect

for j=1,23,....,m. The subject effect for a particular subject is the change in Y with respect to a unit
change of subject raw mark.

Averaging the raw scores, and Z score method are special cases of (1). For example, when

a,=a,=...=a, =1/m inequation 1, we have the following linear combination to average raw scores
X, +X,+.+X 1 1 1
y="—1-=2 m :(—]XJ +(—sz +...+(—jxm, )
m m m m

for a particular course. In this method, each subject has an equal subject effect (// m ) for all subjects on the
selection index for a given course. Therefore, it does not correctly measure the performance of students in
the within course selection. Further, a separate component is not available to measure the course effect, and
hence, it is not correctly address the between course competition as well.

In the Z score method, selection index of that student is of the following form:

y_ZitZy+.t2Z, :(Lj{xl —X1J+[X2 —X2]+._.+[Xm - X, ]} 3)
m m S S5 S
=[LJX, +(LJX2 +...+( ! JX”’ -K 4)
ms; ms, ms,,

= . -t} . .
where X ; and s; are the mean and the standard deviation of the j " subject, respectively and

K= X n X I X is a constant for a particular course. In this case,
ms; ms, ms,,

a;=1/ms;, ay,=1/ms,, .. a,=1/ms, , and K represents the course effect. In this method, each
subject has a different subject effect (//ms;) on the selection index for a given course. Therefore, this

method provides more flexibility to differentiate the performance of students in each subject than the
averaging method. However, in the Z score method within a given course the subjects with low variability
have higher impact on the final combined Z score, which is Y in equation 4. Since the variability of the raw
scores of subjects may play an important role, some anomalies can be identified in the Z score method in the
within course selection. Further, the constant K can be used to identify the between course completion.
Since the constant K contains the standard deviation values, similar problem as described in the within
course selection may occur in the between course selection.

Z score method is the currently use method for selection of students to universities in Sri Lanka. The
examination is called the General Certificate of Examination (G.C.E.) Advanced Level (A/L) which is a
state examination. In this examination, students sit for three subjects depending on the course that they
follow. For each student, the Z score for each subject is calculated, and then combined the three Z scores
linearly by using equal weights. However, later some anomalies in selection of students were identified [7-8]
when selecting students who followed a different combination of subjects to select to the same program
offering in the universities.

Therefore, Yatapana and Sooriarachchi [9] proposed an alternative method called Common Currency Index
(CCI) to compare the results. In this method, they have used currency conversion technique to convert raw
marks in to combine score marks. This method can also be expressed as a linear combination of raw marks.
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Suppose an i” student follows the k™ course having m number of subjects. Then according to Yatapana
and Sooriarachchi [9] the CCI can be written as follows:

Y[:[ - JX,-1+(LJX,-2+...+( - JX[m:{ij[iinjJ:(ijyi (5)
mry mry mry T \mio Ty

th

where X;;, X,5...., X;,are the I, 2" _.m" subject marks of an i” student, )?l- is the row mean marks

of all subjects that I ™ student has taken in a given course, and
Ty = iZn:)?l or 1, =median ()?l- Ji=2,., n) (6)
i

for n number of students. This 7, is considered as the course effect for the k™ course. In a given examination
if there are p number of courses, then 7 is defined as ¢ = max(z,;,7,,...7 o) which is the highest course

effect in a given examination. According to equation 5, in this method also, the subject effects (%n . ) are
k

similar for all subjects within a given course, and therefore the CCI method does not correctly measure the
performance of students in the within course selection. Hence, anomalies exist in the average method also
valid for the CCI method in the within course selection.

However, in this method, a relative subject effect is considered, since the coefficient (%m_ )includes T,
k

and it depends on course effects of other courses. Therefore this method can be used to compare students
who take different courses having different subject combinations, and it is more favorable with compared to
average and Z score method in the between course selection.

Since some anomalies exist in average, Z score and CCI methods, the main objective of this paper is to
introduce a new selection index which will properly address both the within course competition and between
course competition.

The rest of the paper is organized as follows. In section 2 we introduce a new selection index called
Skewness based Common Currency Index (SCCI), which is also based on currency conversion technique.
The proposed selection index is compared with the average method, Z score method and CCI method using a
simulation study in section 3. Finally some concluding remarks are given in section 4.

2 Methodology

It is a known fact that if anyone wants to compare two currencies, both currencies should convert to a
common currency, or else it can be converted currency type one to the currency type two directly by using
currency indices. Then the currency type two acts as the common currency.

As an example, if anyone wants to compare $100 with Rs.100, he can convert $100 into rupees, or he can
convert Rs.100 into dollars. Other than that he can convert both currencies to a different currency (let’s say
Pound). This concept was used in CCI method, and the same method will be used in this proposed method.

As an example, suppose a person have 100 US dollars ($), 80 Japanese yen (¥), and 60 Sri Lankan rupees
(Rs), and he wants to calculate his total wealth in Sri Lankan rupees by considering the common currency as
euro (€). Let us take the three currency indices as

1$=X€,1¥=Y€andRs.1 =Z€.
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Then the total wealth of that person is calculated as follows:

v (3 o) o
[t a2
(2ol 2r

1 1 1 1
where O=—, q¢, =—, =— and =—
0 7 U=y 25y 4=

Similar type of equation will be used in the SCCI method to combine subject raw marks by considering
different subjects as different currencies. Since different subjects are assigned to different currencies, it is
clear that marks of one subject can differ from the marks of any other subject. To calculate the combined
marks the same coefficient is used (equation 5) in CCI method, and this implies all subjects in a given course
have the same currency. Also to find these coefficients mean or median marks of average course mark of
each student was used, but distribution patterns were not considered.

The main differences in CCI method and the proposed SCCI method are that the subjects in a given course
are considered separately as different currencies, and the distribution patterns of raw marks of each subject is
incorporated to the index by adding skewness of the distributional pattern.

2.1 Skewness based common currency index (SCCI) method

Let us assume that ¢ number of subjects are offered for p courses (streams) in an examination, and m,
number of subjects are combined to create the k™ course.
In this method skewness of the raw marks of subjects are used to incorporate the distribution patterns

(shapes) to the selection index. The shape of raw marks of examinees can be negatively skewed, positively
skewed or symmetrical, and the shape parameters are based on the skewness of raw marks.

Skewed Right (Positive) Symmetric Skewed Left (Negative)

Mod
Mode: e Pades To

Mean Mean

Mode

Mean

Median
1

(a) (b) {c)

Fig. 2. Distribution shapes of raw marks

Different equations based on different statistics are available to calculate skewness of any random variable
[10-12]. However, in generally the Pearson's moment coefficient of skewness [13] is used to find the
skewness, which is the third standardized moment of a given random variable, and the same statistic was
used to calculate skewness of subject raw marks in this study.
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Suppose X ; Tepresent the mean of the raw marks of J & subject. The Pearson's moment coefficient of

skewness of the raw marks of /™ subject can be calculated as

B -5
g o

CS .

; ;i=12..,n and j=12,..,1 @)

ol w

where X is the raw marks of i™ student for jth subject. The range of skewness values calculated by using

the above expression is on the scale -3 to +3.

Since the skewness is used to identify the subject effects in the selection index, it should be converted in to a
positive scale. For this conversion the following method can be used in general. For example, if we want to

convert ¥ measurements having Y, and Y;are as the minimum and maximum values (Appendix: Fig. 6)
respectively, to Z measurements having Z, and Z; as the minimum and maximum values, the following
formula [14] can be used.

z-7,\_(¥-y, ®
Z3_ZI Y3_Y1

This implies,

Y-Y,
Z:£Y3—;,J(Z3_ZJ)+ZI &)

Note that the subjects which have negatively distributed shape of raw marks (Fig. 2a) may have higher
subject effects, and the subjects which have positively distributed shape of raw marks may have lower
subject effects. Therefore, negative skewness values may imply higher subject effects, and positive skewness
values may imply lower subject effects. Based on the above reasons, negative skewness values are converted
to higher positive values than the positive skewness values. In this research we selected the converted range

for skewness values as 1 to 2 to represent subject effects g ;, and this can be changed according to the

convenience of the examiner.

Now to convert skewness values to range 1 to 2 use Z, =2,Z; =1,Z=q;Y =-3Y;=43 and

Y = skewness( X ;) in equation 9 to obtain the following formula:

qj=%(9—csj) Lj=12,,1 (10)

In the proposed SCCI method, relative subject effect Q is incorporated into the selection index, which is
taken as the highest subject effect. Therefore,

Q=Max(qj) sj=12...,1 (11
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is obtained by considering the ¢ ; of all subjects conducted in a given examination. By incorporating O , the
subject effect of each subject is relatively measured with respect to Q which represents the subject effect of
the easiest subject in a given examination. Now, the proposed SCCI index based on the common currency
method for the k” course is defined as,

Yk:[ Q ](XJ—)?I)+( Q ](Xz—)_(z)+....+{ Q }(ka -X,.) (12)

miq miq, Mg m,

where m,, is the number of subjects of the k™ course.

Now we rewrite equation 12 as

( 1 J (X,—)?,J [XZ—)?ZJ X, —X,,
Y, =|— + ..+ . (13)
my, q,/Q q,/Q G, /O

Then comparing equations 3 and 13 we can easily identify the similar formats having the Z score method
and this method. Therefore, now we define a new score called Shape score or S score as

X, -X;
CI_,‘/Q

j=1,2,..1 for each subject.

Equation 12 can also be written as

Y, ::Lﬁ[gj(xj—)?j):if[g}xj—@ (14)

my 52\ 4, my 52\ 4
where
A, :( 0 J)? J +( 0 J)? X SR + 0 X m, 18 a constant for a particular course.
miq; miq; midqm,

Note that the subject effect of j ™ subject is measured by the quantity{ ] which is a relative measure

meq,;

with respect to all subjects conducted in an examination. Since, each subject has a different subject effect

( 0 Jon the selection index for a given course, this method is more favorable with compared to the
mq ;

average, Z score and CCI methods for within course selection. Further, the constant 4, can be used to

identify the between course completion, and hence it is more favorable for the between course selection as
well.

2.2 SCCI method with scaled scores

From the SCCI method, a single score for each student can be obtained by using the subject marks in the
examination as described in section 2.1. However, the theoretical range of these SCCI scores can be any
value in between minus infinity to plus infinity which are harder to interpret. Therefore, if we can covert
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these scores to a meaningful range it will be convenient to the examiners. This conversion can be done
according to the preference of the examiners. For example, if an examiner wishes to convert SCCI scores to
the similar range as Grade Point Average (GPA), which is 0 to +4, then use Z, =0 and Z; =+4,in

equation 9 to obtain the following formula:

[ 7-1
el

where Z is the scaled score, Y is the SCCI score, Y;and Y; are the minimum and maximum values of

the SCCI score (After combining all groups).

Similarly, if an examiner prefer to use the range as -4 to +4, he can apply Z,=-4 and Z; =+4,in
equation 9 to obtain the following formula

e
Y-y

to convert SCCI scores. In this research equation 16 is used as the conversion formula.
2.3 Comparison of selection methods

For example, let us assume that ¢ numbers of subjects are offered for p courses in an examination, where

each course is constructed by combining three subjects as the G.C.E. (A/L) examination in Sri Lanka. Then
the Skewness based Common Currency Index in this situation can be described as below.

_( 2 Q2 9 |y
v _[3%];(,{3%};(2{3%))(3 " a7

where

4 = (2}71 {&)y{z {i};@ .
3q, 39, 343
To prove the favorability of SCCI method over average, Z score and CCI methods, simulated data sets were

used. By considering a one subject at a time, the raw scores of i” student is simulated using the following
mixed effect model:

Xiz(ﬁi*Al%)+ei ;io=12,..,n and j=12,..1 (18)

where 4b, is the student ability of the i student, ; s a fixed value for each subject which measures the
subject effect, and ¢; is the error term which consists of the negligible other factors as shown in Fig. 1. Here
the student ability 45, and subject effect B; are taken as a multiplicative effect. Note that Yatapana and

Sooriarachchi [9] also used a mixed effect model having subject effect and student ability as additive effects.
Treating a subject effect S, as a multiplicative effect is the most suitable way to generate subject raw

marks, since it is a known fact that the effect of a subject is differently affected for the students with
different levels of ability while the value of subject effect is the same for all students.
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Since distribution shape of raw marks is considered for the proposed method, distributions of student
abilities were generated by using both skewed and symmetrical probability distributions. The parameters of
these distributions and the distribution of error terms were selected in a way such that the raw scores are in
the range of 0 to 100. As probability distributions ( 4b, ), normal, chi-square and beta distributions were

used, and random errors (¢&;) were generated by using normal distribution. Subject effects ( 8;) were

generated from the uniform distribution such that the subjects which have negatively distributed raw marks
have high subject effects with compared to the other subjects.

Then raw marks were calculated using equation 18, and these marks were used to apply average, Z score,
CCI and SCCI methods. After applying each of these methods, the resulting scores were ranked separately.
However, the above generated raw scores include the subject effect, the student abilities and other factors.

Note that the true student effect of a subject can be define by adding only the student ability ( 4b; ) and other

factors ( &; ) for each student.

For a given student, overall student effect of a course having a combination of subjects which he followed
can be calculated by adding the individual student effects of each subject. When adding the student effects of
each subject it should be mean or median corrected. Otherwise the student effects of some subjects within a
course have higher impact on the overall student effect values. Hence, in this study, the median corrected
student effects were added to find the overall student effects. Finally, the overall student effects were ranked,
and those were compared with ranks of each selection method obtained by using the generated scores.

In the comparison, the method which has ranks closer to the overall student effect ranks can be identified as
the best selection method. Therefore, in this study the rank differences (rank given by each selection method
— overall student effect rank) were calculated, and these values were used for comparisons.

To make comparisons, the box plots were drawn for the rank differences, and the Spearmen’s rank
correlations were calculated between the ranks of student effects and the ranks of four scaling methods. To
identify whether the absolute rank differences of at least one method is significantly differ from the other
methods, Friedman test was used. Then the pair wise comparison was done by using Wilcoxon Rank Sum
test. Further, to compare the variability of rank differences of each four methods Ansari Bradley test [15]
was used.

3 Results and Discussion

3.1 The simulation study

The distributions of student abilities of six groups of students who follow six different subjects were
generated using the given distributions in Table 1 in the usual notations.

In this study three different cases were considered.

Case 1: For a given course, student effect ranks were compared with the ranks of each selection
method. Therefore, a single course with a combination of three subjects was considered, and to
generate marks of 40000 students, the first three probability distributions given in Table 1 were
used. This is an example for within course selection.

Case 2: Student effect ranks of two groups of students who follow two different courses were
compared with the ranks of each selection method. Here, two subjects are taken as common for
the two courses, and only one subject is different. Raw marks of two common subjects were
generated by using the first two probability distributions given in Table 1. For the marks of the
third subject, the third and fourth probability distributions were used for the first course and
second course respectively. The sample sizes for the two courses were selected as 25000 and
15000, respectively. This is an example for both within and between course selections.

10
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Case 3: Student effect ranks of two groups of students who follow two completely different courses
were compared with the ranks of each selection method. The first three probability
distributions were used to generate raw marks of three subjects of the first course, and the last
three probability distributions were used to generate raw marks of the three subjects of the
second course. The sample sizes for the two courses were selected as 25000 and 15000,
respectively. This is also an example for both within and between course selections.

Table 1. Distributions of student ability, subject effect, and random error

Subject no. Student ability Subject effect Error

! N(9.05°) Bieu(o.r) N(u;.0,°)
2 ZZ(PI) B, € U(0.1) N(,u2,0'22)
3 100- 2% (p5) BseU(0.1) N(us5.057)
4 U(a,b) B,eU0,1) Ny, 0,°)
5 A*Beta(a;,pB;); a; <p; BseU(0.1) N(ﬂ5,652)
6 C*Beta(ag, By ) 5 ag > B Bs € U(0.]) N(,ué,aﬁz)

The comparison of selection indices was done by conducting 1000 different simulations. For each simulation
different values for the parameters was taken to identify whether the results depend on the selected
parameter values. Model parameters of the distributions of student ability were selected in such a way that
90% of raw marks represent student ability, and the rest (10%) represents the distribution of errors. Since it
was noted that the same results were given for all comparisons, only one simulation study having the
following parameter values were used in the below discussion.

My =45.00, 14, =4.89, puy =4.10, 3 =4.83, iy, =6.90, us =591, yus = 5.67, 0'02 =136.11,

0, =033,0,"=034,0," =043,0,” =1.86,05° =2.69,0,° = 2.42, 5, =0.95, B, = 0.88,
B3 =0.98,8, =096, 5 =0.90, Bs =0.99, f, = 6.89, By =3.52, p; = 40,
pr=42,a=9,b=82,a, = 3.80,a5 =7.32, A= 90, B =70.

For statistical analysis R and R-Studio were used.
3.2 Comparison of selection methods by using graphical techniques

To compare the favorability of each selection method, boxplots were drawn for the rank differences of each
case stated above.

According to Fig. 3, it is clear that the rank differences related to the SCCI method have a smaller deviation
with compared to the rank differences of the other selection methods for case 1. Therefore, the ranks of the
SCCI method are very close to the actual ranks of student effects with compared to the other methods. It is
also clear that the rank differences of average and CCI methods have a similar ranking distribution in this
case. However, the ranks of Z score method have a higher deviation from the ranks of student effects with
compared to the other three methods.

11
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Fig. 3. Comparison of the rank differences of four selection methods for case 1

Therefore, SCCI method was identified as the best method while Z score method was the least efficient
method, for within course selection. Further, both CCI and average methods act as the similar way in the
within course selection.

Box plots drawn for case 2 (Fig. 4) also imply that the rank differences related to the SCCI method have
smaller deviation with compared to the rank differences of the other selection methods. Further, the rank
differences of CCI methods have a smaller deviation with compared to the rank differences of Z score and
Average methods, and the ranks of average method have the highest deviation from the ranks of student
effects with compared to the other three methods.

5000 3000 3000 5000 —

————eed

I.___

-5000 - -5000 -3000 -3000

H
Average ZScore CCI 5CCI

Fig. 4. Comparison of the rank differences of four selection methods for case 2

The box plots drawn for case 3 (Fig. 5) also indicate that the rank differences of the SCCI method have
smaller deviation with compared to the rank differences of the other three selection methods. Also, CCI
method performed well with compared to the Z score and Average methods as in the previous two cases.

Therefore, according to the above box plots (Figs. 4, 5) it was clear that SCCI method was the best method
while CCI method was the second best method for both within course and between course selections.
Further, both average and Z score methods were identified as the least efficient methods in both within
course and between course selections.
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Fig. 5. Comparison of the rank differences of four selection methods for case 3
3.3 Comparison of selection methods by using statistical techniques

Standard statistical techniques were used to compare the four selection methods, and to find the favorability
of SCCI method over the other three selection methods. All three cases discussed above have been
considered in this section by using the same set of simulated data.

First, ranks of each method were compared with the student effect ranks by using the Spearman Rank
correlation test at 5% significance level based on the following hypothesis test.

Hy: p=0 vs Hi: p>0
where p is the population correlation coefficient.

Table 2. The Spearmen’s rank correlation test for comparison of rank differences

Method Sample correlation P-value
Case 1 Average 0.9990 .000
Z score 0.9978 .000
CCI 0.9990 .000
SCCI 0.9998 .000
Case 2 Average 0.9827 .000
Z score 0.9935 .000
CCI 0.9991 .000
SCCI 0.9997 .000
Case 3 Average 0.9951 .000
Z score 0.9921 .000
CCI 0.9990 .000
SCCI 0.9998 .000

In all three cases, ranks obtained by using average, Z score, CCI and SCCI have a high positive correlation
(>0.9) with the ranks assigned to student effect. However, the ranks obtained by using SCCI method show
the highest sample correlation with the ranks of student effect.

The absolute rank differences of four selection methods were compared using the Friedman test at 5%
significance level based on the following hypothesis test.
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Hy: All selection methods are equal vs
H;i: At least one selection method is different from the other selection methods

Table 3. Test statistics for Friedman test

Case Test statistics Degrees of freedom P-value
1 68058.90 3 .000
2 82234.65 3 .000
3 67650.84 3 .000

According to the Friedman test (Table 3), it could be identified that the absolute rank difference of at least
one selection method is significantly different from the other three methods at 5% significance level for all
three cases.

Therefore, the pairwise comparisons were done using the Wilcoxon Rank Sum test, and the statistical
hypothesis can be stated as follows:

Hy: Treatment 1 is greater than or equal to the treatment 2 vs
H,: Treatment 1 is less than the treatment 2

Table 4. Test statistics for Wilcoxon rank sum test

Case Treatment 1 Treatment 2 Test statistic P-value
Case 1 SCCI Average 440465575 .000
SCCI Z score 327889471 .000
SCCI CCI 440465575 .000
CCI Z score 961122201 .000
CCI Average 8e+08 .500
Average Z score 961122201 .000
Case 2 SCCI Average 42277707 .000
SCCI Z score 274698497 .000
SCCI CCI 513023322 .000
CCI Z score 496197581 .000
CCI Average 101897757 .000
Z score Average 321781254 .000
Case 3 SCCI Average 151979993 .000
SCCI Z score 175958137 .000
SCCI CCI 477826436 .000
CCI Z score 382331870 .000
CCI Average 345527580 .000
Z score Average 786177157 .000

According to the Wilcoxon rank sum test (Table 4), it is clear that the absolute rank differences of SCCI
method are significantly less with compared to the other three methods for all three cases. This implies that
the median rank of the SCCI method is closer to the median rank of the student effects with compared to the
other selection methods. Further, compared to the Average and Z score methods, the CCI method performs
well in all three cases. However, in casel there is no significant difference between the CCI method and
Average method. When comparing Average and Z score methods, Average method performs well in casel
while Z score method performs well in the other two cases. These results were also clearly shown in Fig. 3.

If the absolute rank difference of the proposed SCCI method has the lower dispersion than the other methods
which indicates that the SCCI method is more suitable to use as a selection method. Therefore, the variances
of the absolute rank differences of each selection method were compared by using Ansari Bradley test by
using the following hypothesis test.
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Hy: The variance of treatment 1 is greater than or equal to the variance of treatment 2 vs
H,: The variance of treatment 1 is less than the variance of treatment 2

Table S. Ansari Bradley test

Case Treatment 1 Treatment 2 Test statistic P-value
Case 1 SCCI Average 877931229 .000
SCCI Z score 890250832 .000
SCCI CCI 877931229 .000
CCI Z score 840565066 .000
CCI Average 800020722 499
Average Z score 759476090 .000
Case 2 SCCI Average 826930392 .000
SCCI Z score 865615430 .000
SCCI CCI 857279427 .000
CCI Z score 846796939 .000
CCI Average 839016551 .000
Average Z score 756460918 .000
Case 3 SCCI Average 861771592 .000
SCCI Z score 864259951 .000
SCCI CCI 869634655 .000
CCI Z score 853175891 .000
CCI Average 848389253 .000
Average Z score 763224665 .000

According to the results in Table 5, the absolute rank differences of the SCCI method have a lower
dispersion compared to other methods for all three cases. This indicates that the ranks assigned by using the
SCCI method are very close to the ranks of the student effects. Further, with compared to the Average and Z
score methods, the absolute rank differences of the CCI method have a lower dispersion in the last two
cases. When comparing average and Z score method, the dispersion of absolute rank differences of average
method has a lower dispersion with compared to the Z score in all three cases.

4 Conclusion

In this study the sample raw scores of students were generated using different probability distributions to
represent different distributional shapes. Student effects were also obtained, and used them as actual student
performances. The proposed new SCCI method was compared with the other three methods; average
method, Z score method and CCI method; by considering three different cases of examinations. It was noted
that the proposed SCCI method is the best method among the other methods which were considered in the
study to represent the student performances, since the rank differences between the ranks of the SCCI
method with the ranks of true student effects show small deviations than the rank differences of the ranks of
the other three methods. Also the ranks of SCCI method have the highest correlation with the ranks assigned
to student effects. Further, it was noted that there is a significance difference between the rank differences of
the three methods.

According to the overall results, it was confirmed that the new SCCI method can be used as a selection index
to compare performance of examinees who takes combination of different test papers in an examination.
Moreover, this index can be used to compare the performance of two groups of students who follow two
different courses having different number of subject combinations.
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Appendix

Raw Score Scale Score
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Fig. 6. Scaling raw scores
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