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STATISTICAL RELATIONS AND SYMBOLS
For Measuring Ratios of Homogecneity

I. SUBGROUP: A number of students enrolled in one "course/section."
A subgroup is identified by codes representing the following

I. Academic year.

II. Semester.

I1I. Faculty.

IV. Department.
V. Course number.

VI. Section number.

IT. CROUF A number of subgroups selected according to a specific

criterion.
III. N : The total number of students enrolled in a group.
Ni ¢ The number of students enrolled in the'izﬂ subgroup.
k
N= N. (Eq.1)

which implies that the group is formed of k subgroups.

Nij: The number of 'students in the iEﬂ subgroup who obtained a grade
J. Grades are symbolized by J (capital) whenever they refer
to a variable; where, 0<J<9. Grades are symbelized by j (small)

whenever they appear as subscripts.

(Eq.2)
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k 9 .
N - Z >‘ N5 (Eq.3)
= J=0

N.: The total number of students in theAgroub who obtained a grade

i
J.
K
Ny Z N (Eq.4)
=1

Nm: The total number of students in the set of member subgroups
only. Member subgroups will be defined later.

N = y N; (Eq.6)

i=m
The sum symbol is used to mean that summation is
i=m

carried out for member subgroups only.

Ny The total nimber of students in the set of alien subgroups only.
Alien subgroups will be defined later. An alien subgroup is a
non-member subgroup.

N = N, (Eq.7)

The sum symbol is used to mean that summatio; s carr-

i=a
ied out for alien subgroups only.

N = NN, (Eq.8)
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N,
J(m

Iv.

): The total number of students in the set of member subgroups

only who obtained a grade J.

N, = N.. (Eq.9)

1=m

: The sum of grades obtained by all Ni students.

9
Xi= J Nij (Eq.10)
J=0
: The sum of grades obtained by all N students.
k
X = Xi (Eq.11)
1=
.k

(Eq.12)

]
[
I o
<
[
=
s
[

: The sum of grades obtained by all N, students in the set

of member subgroups.

X.= 7 X, (Eq.13)

EED

:-The sum of grades obtained by all Na students in the set

of alien subgroups

X_= X. (Eq.14)

X = Xm+Xa (Eq.15)

: The sum of squared grades obtained by all Ni students.

9

Rl
Y- Z PNy, (Eq.16)
J:
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¥ 8

Ym=

Ya:

VI.X.:

The su of squared grades obtained by all N students.

k
Y = ZE; T : (Eq.17)
1=
k 9
. Z Z 92N, (Eq.18)
ij
1= J=0

The sum of squared grades obtained by all Nm students in the
set of member subgroups

Y = Y. (Eq.19)

The sum of squared grades obtained by all Na students in
the set of alien subgroups.

Y = Y. (Eq.20)

Yo= Y4y (Eq.21)

The arithmetic mean of the grades obtained in the 1'Eh

suigroup (subgroup mean)

Xo = X/, (Eq.22)

: The arithmetic mean of the grades obtained in all k subgroups

(group mean)

“ X = X/N (Eq.23)

: The arithmetic mean of the grades obtained in the set of

member subgroups unly.

Xy XN (Eq.24)

VEY

1Y aaadl _i._u).._!l 3 yuadly G.e.L'le wlut s




VII. Di: The sum of squared grade deviations from subgroup mean,
sth

for the 1= subgroup.
9
_ 242
D, Z Ny3(9-%y) (Eq.25)
J:
1 2

1

D : The sum of squared grade deviations from group mean, for
the whole group.

9

D - Z N;(3-% )2 (Eq.27)
J=

= o (D) (Eq.28)

D, The sum of squared grade dq&iations from im, for the set of
member subgroups only.
9

o 2
D, Z Ny (9% (Eq.29)
J=
= iy x2
g USRS (Eq.30)

VIII.V : The variance of the distribution of grades for the whole
group.

V = D/(N-1) (Eq.31)

Vﬁ% The variance of the distribution of grades for the set of
member subgroups only.

Vo= D/ (N<1) (€9.32)
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IX. T, (x) The statistic used to test hypotheses (two tails)
applied to the ith subgroup for

Hy: .-X against H1 X, fX
= (k-X) TNV (Eq.33)
Ty (0)=]z./2 | (Eq.34)

where 7 is the } q normal probability percenage point.

T. (V /H): The statistic used to test hypotheses (apper tail)
applied to the 1—h subgroup for
He V -V against H V. # V

W (Eq.35)
TV =9 (Eq.36)

ihe?e‘%%_**is the 1-3«Chi-square probability percentage
point for N.-1 degrees of freedom.

T, (V /L): The statistic used to test hypotheses (Lower tail)
applied to the 1—ﬂ subgroup for
H: Vi= Vp against Hy: Vit v,

x2- D;/V, (Eq.37)

Ti(v./L) 53.[)(.1 (Eq.38)
where ‘X._,_q1s the £«Chi-square probability, percentage point
for N -1 degrees of freedom,

X. M: The number of member subgroups. A subgroup is classified as
2 "member" if the following three inequalities are true:

T.(X) <1 ' (Eq.39)
Ti(Vi/H) <1 (Eq.40)
T, (V/L) < (Eq.41)
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A : The number of alien (non-member) subgroups. A subgroup is
classified as an "alien" if one or more of the three
inequalities (Equatibns 39, 40 & 41) is not true.

k = M+A (Eq.42)

X1 Sequential Trials for Classifying Subgroups; Subgroups are
classified first on the basis of data from the whole group;
that is, in testing hypotheses, im i's taken to equal X and
Vm is taken to equal V. Retesting based on revised data of
member subgroups only y1e1ds ejther more reclassification of
subgroups (member subgroups reclassified as aliens and/or
alien subgroups reclassified as members), or no such reclass-
ification. In the case of reclassification of subgroups,
retesting is carried out on the basis of the latest set of
member subgroups. In the case of no reclassifications, the
results (X and V ) are considered unbiased estimates of the
mean and variance of a "stable system of causes"

X1l Homogeneity Ratios: Three ratios could be used for measuring the
homogeneity of the groub:

R.: Homogeneity ratio of courses.
Re= M/k » (Eq.43)

RS: Homogeneity ratio of students.

RS= Nm/N (Eq.44)
Rg: Homogeneity ratio of grades.
Rg= Xm/X (Eq.45)

In addition, a fourth homogeneity ratic could be introduced
by calculating the geometric mean of the previous three
ratios.

R :3/ R_.R_.R (Eq46.)

c's" g

XIII. Adjusted Ratios: Assuming independence of the three tests of

Y




nypotheses, an overall a is calculated as follows:

1-(1-0)2
0.0199.  for 4=0.01

overall a

(Eq.47)

Each of the four homogenéity ratios is adjusted by deviding
it by (1-overall :) or by multiplying it by 1/(1-overalla).
Each ratio is also multiplied by 100 to make it comparable to

100. Every ratio is thus multiplied by 102.0304 (0=0.01)
and the products are the "Adjusted Percent Ratios of

Homogeneity".
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