ISSN 1009 - 3095 Journal of Zhejiang University( SCIENCE) V.2, No.4,P.471 — 475, Oct. — Dec., 2001
http: //www . periodicals. com. cn; http: //www. zju. edu. cn;
http: //lib. zju. edu. cn/English; http: //www. zjupress. com

471

TWO-STEP CONTROL GRADING METHOD

ZHOU Yao-liel FIMEZL), SHAO Dan(Hf  JI)
( College of Management , Zhejiang University > Hangzhou 310027, China )
Received Nov.5, 2000; revision accepted Feb.28,2001

Abstract:

cades. This paper proposes a new method, where the functions under consideration are ranked in queue ac-

The incorrectness of function grading in value engineering has been an essential problem for de-

cording to their importance and then graded quantitatively. By using this method, the reviewers are more
aware of the degrees of importance, and therefore will have an easier time grasping the standard and reducing
the erroneous grading. In the first step, the sign test is used to discard incorrect data, to count the grading re-
sult and to arrange in queue according to the degrees of functional importance. In the second step the queued
up functions undergo quantitative grading, where the “ average value of fluctuation coefficient” is proposed to
determine the control levels and to delete unreasonable data outside the controlled region so as to get more sati-
sfactory grading value. The proposed method solves the problem of the incorrectness of function grading in val-
ue engineering. It has been proved that the correctness has been raised from the original 70% to over 95% .
This new method is not only contributive to the discipline of value engineering but also suitable in the evalu-
ation of technical economy.
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INTRODUCTION

The proposed two-step control grading meth-
od shown in Fig. 1 arranges all kinds of functions
in order of importance and then defines their de-
grees .

0-1 grading method !

First step, [Pata processingla—{Sign examination methnd]

Function arrangement

Function arrangement

DARE grading

Data processing

E'omrol method|

[outpat of grading result_|
¥

Second step,
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Fig.1 Two-step control grading method procedure

Fig. 1 shows that the “0 — 1 grading method”
first grades the functions and then use “sign ex-
amination method” to decide and arrange the
functions in the order of their importance degrees
(Yang, 1997); the second step is to use DARE

(Decision Alternative Ratio Evaluation system)

(Tao, et al, 1991) or other method to grade the
functions, then use “control method” to process
the graded data,
marks and finally get reasonable graded data.

reject unreasonable graded

METHODS

1. Sign examination method

“Sign examination method” is a statistical
deductive method used in “ mathematical statis-
tics”.

The method is as follows: suppose the im-
portance degrees of function A and B are the
same, and n mark-givers (representative of end-
er users) use 0 — 1 method to grade these two
functions. In the n pairs of figures received
Cay;s by)s Cays by)++Ca,s b,), the opinion
of a; > b;Ci =1,2,**, n) should have the same

probability p = 1/2.

1 ai>bi

lﬁt"‘z{o a;, < b,

i=152"""5sn

then ¢ = ¢; + ¢, + *** + ¢, would follow “two

item distribution function, ” p = 1/2.
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Let: a; > b;» be as signed as “ + 75 n, is
the number of “ + ”

a; < b;» be as signed as“ — 7, n_
number of “ — 7

If n, and n_ are close, the importance de-

is the

grees of function A and B do not have much dis-
parity> then it can be considered that the end
mark-givers’ grading is reasonable.

If there is great disparity between n . and
n _ > then there is much difference in the impor-
tance degree of function A and B, suggesting
that a few persons’ grading is not reasonable,
we should collect data according to the grading of
the majority.

Then> to what extent of disparity between
n, and n_ then is there great difference in the
importance degree of function A and B? This
can be judged by “ critical value of notability.”
First> we fix notability level a» (generally fixed
at 1%, 5% or 10% > the smaller the a is, the
higher the accuracy would be.) then look up ¥°
in the “sign check table”(see the attached Ta-
bles) according to a and NCN =n, +n_)> let
min [n+ +n_J1=7v,if y<7¥° it can be con-
cluded that there is great difference in the impor-
tance degree of the two functions.

Similarly, if ¥ > ¥°, we can conclude that
there is not much difference in the importance
degree of the two functions, In this case we can
use statistical method to calculate the functions

of A and B.

2. Control method

Generally speaking, the marks of a certain
function graded by the mark-givers assume “ nor-
mal distribution”( Wang, 1994) .

According to experience, about 95% of
graded data will fall within the scope of p — 20>
© + 205 that is to say, only about 5% of the
marks would fall out of that scope.

So we take p — 20 as the lower control limit
of the grading data and ¢ + 20 as the upper lim-
it. All mark-givers’ graded marks that fall with-
in this scope can be taken as correctly graded
marks> all the marks that fall out of this scope
can be taken as unreasonable ones and discard-
ed.

According to statistical theory, systematic
average value s« can be replaced by sub-sample’
s average value x and systematic mean square

deviation ¢ can be replaced by sub-sample’ s
mean square deviation.

. o ;xt Z(xl—aé)z
1.e. £ =x= n o=s= f

In the formula, n is the number of graded
data of a certain function.

The upper and lower control limits of a func-
tion are generally calculated as follows:

Upper control limit of graded marks = x + 2s

Lower control limit of graded marks = x —2s

When we use the above method to control the
graded marks, the accuracy of the grading is rel-
atively high and the control is relatively strict, if

the graded marks of a function are relatively
close. If the marks are relatively different, then
the accuracy of the grading is relatively low, and
the control is relatively loose> so that such con-
trol is not reasonable in the same system> so a
universal standard is required to control the
graded marks of various functions. Obviously,
this standard should be decided according to the
fluctuation of all data (Shao, 1999).

Such being the case> we have to look for new
upper and lower control limits of marks.

We already know the upper marks control
limits of a certain function is Xyg = x + 2s

Let: V; = S;/x;

i.e. Sj = ijj =1,2,">m

In the formula:
V; the fluctuation coefficient of function j

X,

j
S;—the standard deviation for the graded

the average graded mark of function j

mark of function j
Thus: Xyg, = X; +2VX; = X, (1 +2V,;)
Generally speaking, the fluctuation extent of
all graded marks should be the same, so this
fluctuation coefficient should be the average val-
ue V of various functions’ fluctuation coefficient

(Zhou> 2000) .

Then the upper control limit for graded marks of
a certain function is

XUCL = xj + 28j = xj +2I/‘Xj = X/(l + ZV)
The same is true of the lower control limit:

X =x; —2s; = X; — 20X, = X;(1 =2V)
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When we use the above control limits to con-
trol the graded marks, the data that fall out of
the limits is regarded as unreasonable marks,
and should be rejected. The data that fall within
the limits should be regarded as reasonable
marks, and be kept to calculate the new graded
value X'; .

3. Example

Suppose a certain product has four functions
(A, B, C> D). We ask 15 mark-givers to grade
the functions, so as to evaluate the coefficients
of the functions.

First step: function arrangement

(1) 0 -1 grading

0 — 1 grading is used to compare the function
of the products against one another. The impor-
tant function gets 1 and the unimportant function
gets 0. One cannot regard every function as im-
portant and give 1 to everyone; neither can one
regards every function as not important and give
0 to every function. We use “ X ” to indicate the
functions which do not take part in the compari-
son. Table 1 is the grading result of grader A .

Table 1 0-1 grading table (i=No.1)

Function Selection grading
A 1 1 1 X X X
B 0 X X 1 1 X
C X 0 X 0 X 0
D X X 0 0 1

(2) Use sign examination method to count
up the grading results

According to the principles of the sign exam-
ination method, the number of graders NV = 15,
in order to get higher accuracy, the level of no-
tability should be lower. So we let a =5%3; we
can check the attached table according to N and
a> and get ¥" =3, then N — y° =12.

Count up 15 grading tables. If 12 or more
than 12 mark-givers consider function A is more
important then function B, then fill “1” in the
corresponding place of function A and “0” in the
corresponding place of function B in Table 2.

If according to the statistical result; the
number of graders who have the same opinion are
less than 12, then we interpolate method and fill
in the Table 2 with the statistical coefficient val-
ue.

For example, there are 6 mark-givers who
consider function C is more important than func-
tion D> and 9 mark-givers who consider function
D is more important than function C. statistical
coefficient of function C is (6/15) = 0.4, and
the statistical coefficient of function D is (9/15)
=0.6. Fill in these two data in the correspond-
ing place of Table 2.

Table 2 0 -1 grading collection table

(N=15)
Function Selection grading Total
A 1 1 1 X X X 3
B 0o X X 1 1 X 2
c X 0 X 0 X 0.4 0.4
D X X 0 X O 0.6 0.6

(3) Arrange the functions in order of impor-
tance

From Table 2, we can learn that the impor-
tance order of these four functions indicated in

Table 3.

Table 3 Function importance order
Order 1 2 3 4
Function A B D C

Second step: fixed quantity grading

(1) Use DARE method to grade

Ask 15 mark-givers to give marks to every
function according to the importance order of Ta-
ble 3, by filling in Table 4. In Table 4, Grader
No.1 supposes the importance of function C is
“17, function D’ s importance is 1.15 times
function C’ s, function B’ s importance is 1.8
times function D’ s and function A’ s importance
is 1.35 times function B’s.

Table 4 DARE method grading table

(i=No.1)
Onder  Function | o e X,
1 A X, =1.35
2 B X,;=1.8
3 D X, =1.15
4 c X, =1.00

(2) Collect the data graded by all the mark-
givers
Fill the tentative importance coefficient grad-
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ed by 15 mark-givers in Table 5, and calculate
the average graded value of every function.

15
> X,

Xj = i=115 (i=NO.17273y'“715
o J=A,BvaD)
X, =(1.35+1.5+"+2.00/15=1.5,

XB =2.0, XD=l.2v XCZI.O

Table 5 Collection table of graded data

Order(No. )
Func
2 3 4 5 6 7 8
A 1.35 15145 1.6 1.5 1.6 1.5 1.4
B 1.8 1.3 1.75 2.052.1 2.052.16 2.1
D 1.15 1.1 1.15 1.2 1.3 1.3 1.051.1
Cc 1 1 1 1 1 1 1 1
Order(No. )
Func.
10 11 12 13 14 15 X;
A 1.6 2.5 1.4 1.551.45 1.6 2.0 1.6
B 2.09 2.2 2.112.02 2.03 2.14 2.1 2.0
C 1.3 1.1 1.291.3 1.26 1.15 1.25 1.2
D 1 1 1 1 1 1 1 1

(3) Use control method to reject the unrea-
sonable data and evaluate X; of all functions

We know from Table 6 that function C is the
standard level of grading radix> So we do not
have to process the graded datum of function C.
As for the data of other functions,
control method to process according to the fol-
lowing steps.

we can use

Table 6 Collection table of value V

We can calculate the graded value S of other
function by using the same method, Sp =0.22,

Sp =0.09; then fill them in Table 6.

2) Calculate the average V of the grading
fluctuation coefficient of all function. B

Use Table 6 to calculate V> according to X;
in Table 5 and S; that is already evaluated.

3) Decide the upper and lower control limits
of all functions and then use them to control the
graded data.

Again take function A for example:

Xue, = X (1 +2V) =
1.6(1+200.12) =1.984

X=X, (1=2V) =
1.6(1-200.12) =1.216

Compare the lower limit 1.216 and upper limit
1.984 with the graded data of function A in Ta-
ble 5, the datas “2.5” and “2.0” fall out of the
control scopes so it should be rejected. We use
the remaining 13 data to calculate and get new
value X', =1.5.
Use the same method to process the graded
data of function B and D. (i.e. Function B:
X, =201 4+2x%x0.12) =2.48
X =2(1-2x0.12)=1.52
Function D: Xy, =1.2(1+2x0.12)=1.438
X =1.201-2%x0.12)=0.912
We can find that there is a datum “1.3” falling
out of the control limits after checking. So this
unreasonable datum should be rejected) .
Again we get new graded average value after
calculation: X’ =2.05, X', =1.2.

Function  X; Sj S; = S;/X; V=2V/3 Table 7 Function coefficient table of DARE method
A 1.6 028  0.175  (0.175+0.11+ Temtative  Processed .
B 2.0 0.22 0.11 0.075)/3=0.12 Function  importance  importance enon
- , .. coefficient
D 1.2 0.09  0.075 coefficient X' coefficient
A 1.50 ——> 3.69 0.442
1) Calculate the standard deviation S of all =_
functions” graded value . B 2.05 —> 2.46 0.294
Take function A fOr example: C 1.20 ‘_\_) 1.20 0.144
SA = \
D 1 1 0.120
(X; = XP 4+(X, =XP 42+ (X, —X)?
= > 8.35 1.000
n
J(1.35—1.6Y +(1.5-1.67 +--+(2.0-1.67
15 (4) Calculate the grading coefficients of all
=0.28 functions .
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Fill in Table 7 with average value X’ j in
which all the unreasonable graded data are re-
jected. These tentative importance coefficients
can represent the ideas of all mark-givers rather
precisely. Then we use DARE method to calcu-
late the coefficients of all functions.

In the table:

The processed importance coefficient of func-
tion D =1.00x1.20=1.20 Ci.e. The impor-
tance degree of Function D is 1.20 times Func-
tion C’s).

The processed importance coefficient of func-
tion B=1.20x2.05=2.46 (i.e. The impor-
tance degree of Function B is 2.46 times as
much as Function C’s) .

The function coefficient of function A =
3.69/8.35=0.442 (i.e. The importance de-
gree of Function A is 44.2% of the total func-
tion) .

The function coefficient of Function B = 2.
46/8.35 =0.294 (i.e. The importance degree
of Function B is 29.4% of the total function) .

Up to nows> we have got the correct graded
result and finished the procedure of grading with
two-step control method.

NOTES

1.The first step of the two-step control grad-
ing method is to obtain the importance order of
all functions. Grading can be a little bit rough
and there can be fewer people to take part in.
The second step is to decide the importance de-
gree of the functions, so the graded data should
be precise, and there should be more people to
take part in.

2.We use sign check method to process the
graded data of the first step and use control
method to-process the graded data of the second
step. The reasons are as follows: (1) Using sign
check method to process the data is only to make
comparison between the figures, it does not
require the accuracy of the data. This coincides
with the aim of the first step and the characteris-
tics of O — 1 grading method. Using the control
method to process data can increase the accuracy
of the data> and coincides with the aim of the

second step and the characteristics of DARE
grading method. (2) the advantage of the sign
check method is simplicity and intuition, but
this method has less accuracy. The shortcomings
of these two methods can be made up by their
combined advantages. So the arrangement of the
steps is proper and meets the requirements of the
two-step grading.

3.The two-step control method uses scientif-
ic procedure to arrange the functions in order of
importance first> grade with the fixed quantity
second. It enables the graders to grade precise-
ly> and uses statistic fundamentals to process the
graded data and reject unreasonably graded da-
ta. The grading accuracy rate can reach 95% it
guarantees the accuracy of the final results of
function grading.

4. This method can be used in all places that
need fixed quantity grading.

Appendix Table: Sign examination r°

a( %) ol %) a( %)

No. No. No.

1 5 10 1 5 10 1 5 10
6 0 11 0o 1 2 16 2 3 4
7 o o0 12 1 2 2 17 2 4 4
8 o 1 13 1 2 3 18 3 4 5
9 1 1 14 1 2 3 19 3 4 5
10 0 1 1 15 2 3 3 20 3 5 5
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