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ABSTRACT

In this paper, the application of Analytic Hierarchy Process ( AH P ) to syn-
thetic evaluation of sclentific research outcomes were studied. The outcomes
were divided into four types: A---- new technology and new products; D----
soft sciences; G<--- basic theory and Q---- extension and bopnlanzation. The
four hierarchy models for each type and twenty-one judge matrices were con-
structed on the tasis of éxpert consuliation. By solving the matrices to find
the elgenvectors, the importance weights of evaluation indexes were obtained,
and the evaluation forms were also designed. Thus, a new method for deciding
the awards of science and technology development was suggested. Its applica-
tion showed that the method gave satisfactory resulis.

At present iime, science and technology develop rapidly, and outcomss of
sclentific researches increase with each passing day. It is a important task
for science and technology managerial personnel to improve the level of mana-
gement, This study on ™ The synthetic evaluation of scientific research out-
comes” includes: (¥ Which factors and how these factors make up the outcomes
of scientific researches? (2) Which indexes are taken into account by scienti-~
fic research management departmehts of different levels when deciding on the
avards of sclence and technology development? And what is the relationship be-
tiween the indexes and the make-up factors of research outcomes? (3) Develop a
new method for deciding on awards of sclence and technology development, which
is more reasonahle and more practical.

1. The analytic hierarchy process ( A H P ) is main methodolcgical .approach ms

mathematical basis in this study.-AHP was pstallished-by professor T.i. Saaty,
an American operaiions researcher, in 1973 and was introduced to Chinz by his
student H.CholanNe in 1982, Many applications of the AHP have proved that
it is reasonahle- and ctical for various purposes. Everything has its inter-
nal hierarchy, so does in people's thinking process. AHP is a project of ma-
king decision according to object's herarchy and people's thinking process.
Firstly the hierarchy model should be constructed and then te evaluated-by .ex-
perts. Then the weight mmbers of correlative factors of the object can be
achieved by quantifying evaluation results, construciing judgement matrices
and solving the elgenvectors of each Jjudgement matrix. Finally, the quantita-
tively synthetic evaluation, which provides scientific basis for decision, can
be achieved according to the weight mmbers.

‘The principle procedure of AHP is to construct a set of matrices equations
according to the palrwise synthetic evaluation of several experts to the fac-
tors of a certain‘object and the decislon can be made through calculating nox-
nalized weight numbers of each factor.

The procedures of AHP are as»fol‘lous: ' ' ‘

- LR i :
i. Invesﬁgat; and study carefully the overall structure and each decision
factor of an object to be evaluated, then construct a reasonabtle mathematical

nmodel of AHP,
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2. Invite a group of experts who are typlcal representatives to evaluate the
model, i.e. to do pairwise comparison of qualitative importance to each factor
of each hierarchy and mark “ * in the grade column, There are 1-9 scale
which are classified into 5 grades. All these steps are the preparation for q
quantitative analysis.

3. 'Construct a set of matrices.
4, Do local priorities and consistency check to each matrix.

5. [Do global priority and consistency check. The eigenvector W of global pri-
orlty is the normalized priority weight num‘bers of correlative factors of syn-
‘thetic evaluation.

6. [Invita another group of experts to evaluate concrete ¢pJjects agaln in the
same way. Multiplying the corresponding numbers of evaluations from each eva-
luation, the resulted sum of- that multiplication is the final result of the
evatlua.tions. .

II., Constructing mathematlcal model of ANP

Accordins to thelr nature, the outcomes of sclentific researches were divided

1nto 4, D, G, and § type, the criferion hierarchy of the synthetlc evaluation
. model was Nade up of séveral aspects of research outcomes or several aspects

1nvolved 41 the evaludtlon 'of research, and the index hierarchy was made up of

severa.l correlative factors which made up the: research outcomes or theé factors
e related 4o the synthetic ‘evaludtior. Thus four mathematical models of AHP were
- constmcted.

1. vae A: research outcomes of new technology and new product”

Ihis type of outcomes can be directly put into -production or applied to a cer-
tain production deparitment to lwing about the obviocus econonic benefit that

.. can{'be - calcula.ted finanefally.

-a *.

112 Type Di soft sclence research outcomes

v

i This type of researches; such as reglonal planning s, Xesource survey and allo-
cation, management of sclentific researches, compute programming, test or mea-
suremerit method, planning policy and training of persomnel, etc. are carried
-out}for the reasons of policy decision or the goals of whole Boclety, These
researches have obvious social benefit, btut the economic benefit is hard to
calculate financially.

3. '-Wpe G: basic theory researches

'Ihis type of research outcomes is the one with knowledges and is signigicant
to a% certain subject. Sti11 it has obvious social benefit.

4. Type Q: research on popularization and extension

This type of researches works with the extension and popularization of the re-
search outcomes such as introducing advanced technology, improving the techni-
ques in the 1ight of special conditions, etc. This kind of outcomes should
'Dring atout significant economic benefits, or accelerate the development of
national economics into certaln extent
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S research to be evaluated

A, D G, Q ~mmmmmmmee synthetic evaluation of research

Bl, B, H2, TL ------- benefit - .
B2, B4, Hi, T2 ~—=~-m- level

gg: E%?'H};?'T;? ------ authoritativeness of the evaluation commission
cL, F9, V7, K7 -~-muue self-confidence of evaluation staff -
€3, F2, x4, V2 ——o—eum social benefit

c8, X8, v8, F8 --=w--n scope and efficiency

02, Fl, V1 ~cewmmme—am economic benefit

B4, E5, T4 =-um=eucam scope

HY4, F5, V5 ——mmeememne complexity

Cl, K1 ——memmcccmae level of knowledge

C5y K2 oo academic innovation

o I — technical level

o7 scientific decision, management modernization

F3  meeeeeecreeeeo effect and influence

P e significance

)2 - J P S S E— innovation and level

F7 e maturation and perfection

K5 = —emeemmemee— soclal effect

(YR S— academic significance

K3  meemeeeccemenee academic level

V3  ememmmmemmmae—e level of research to be extended ( original level )
vé ——eueeme~—een-— level reached after the research being extended (new level)
v4 mm—meme-e-ce-— innovative skill
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III. Evaluating the four mathematical models of AHP

Based on the four models, the evaluating forms corresponding with each model
were designed. In order to get more accurate data, thirty experts were invited
to|give valuations. Amorig the experts, fifteen of them were the heads of sclen-
tific research department, science and technology commisgion of Hebel province,
districts or citles, The others wers scientists .or technologists from ‘provin-
cial acadeny of agricultural sciences, academy of sciences, and universities.
For the purpose of processing the evaluation data, the comparative signs (>,
= , <) of the importance between correlative factors were used. According to
the opinions of -the most ‘experts, the ar:!.ﬂmetical means Were calculated to
nake the valuations quantifying. All these procedures resulted in four synthe-
tic tables of the data. ( to be abhreviated )

IV.| Constritcting judgement matrix and A Bl  B2------- BEn ¥
doing local priorities in order to ) . S
detgfmine thﬁ priority of the factors B b1l  bl2------ bin ¥
in lindex hierarchy relatively to goal =~ B2 . | D2 D22------Zn | W2
hiemchy 'Ihis is expressed on the

rlght. Gen the local priority

vectors W= [ul, ¥2,----, ¥n JT Bn
were achleved with radical root method:

bnt  bn2 ‘ton ¥n

a. Calculate the multiplication of all elements of each row:

Mi:.jﬁ Wiy

b. Calculate the nth root of Mizs W = nfui~ 3

| .

c. ’:E‘J.nd eigenvectors: Ww=V/ i W 3
: J=1
i s h

d. Find the maximum eigevalue of the matrix: A max = g _.....(..i)i_, ®here

. nvi
{AW)1 respects the ith element of vector AW;
|

J\max-h
e. flla.lcula:te consistency index: CI = -—n_-i—' .
f. The average randon consistency indexs RI are;
1 2 3 4 5 6 7 8 9
0 1 0 0058 °o9o 1012 1-2“’ 1'32 1.1‘1 1.“5

l
8. q‘ind random consistency ratie: . CR= -—-—- << 0.10

1. According to the above formulas, the mathematieal model of synthetic evalua-
tion on scientific research outcomes of type A is achieved as followss

(1). Construct judgement matrix A-B and compare the relative importance among

the {criteria to the overall goal of synthetic evaluation. Below are the rela-
tive importance weights;

3
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A Bt B2 B3 B W
B! 1 2.86 4,68 4,15 0.53
B2 1/2.86 1 2.88 3.68 0.27
B3 1/4.68 1/2.88 1 1/1.95 0.09
B4 1/h.15 1/3.68 1.95 1 0.12
Mpax = 4,15, ¢I = 0.05, RI = 0.90, CR = 0,05
(2). Construct judgement matrix BI1-C and compare the relative importance among
correlative indexes to benefit criterion. Below are the relative importance
welghts:
B1 c1 c2 c3 cs | ¢6 c7 W
ol 1 1/45:05 | 1/3.23 | 1/3.22 | 1/2.53 | 1/2.78 0.05
c2 4,05 1 3.38 | /3.3!& 2.78 2.77 0.36
c3 3.23 1/3.38 1 i 1/2.55 | 1/2.48 | 1/2.91 0.09
c5 3.22 1/3.35 2,55 1 1 2.88 1.48 0.21
cé 2.54 1/2.78 2.48 | 1/2.88 | 1 1/2.39 0.12
c7 2.78 1/2.27 2.91 | 1/1.49 2.39 1 0.19

(3). Construct judgement matrix B2-C and compare the relative importance among

Nomax = 6.39, O =0.08, W = 1.2%, CR- 0.06

correlative indexes to level criteriorn. Below are the relative importance

welghts:
B2 ¢ c2 c3 et | o5} cs c7 c8 W
.o 1 | 1/4.05]|1/3.238 1)2.66] 1/3.22|1/2.53| 1/2.78| 1/2.19|' o0.0%
c2 .05 1 3.38] 3.66 f°3§ 2.781 2.27| 4&.01f.0.29
c3 |3.23 {1/3.38] 1 2.20} 1/2.591/2.48} 1/2.91| 2.35] 0.09
cs 2.66 |1/3.66{1/2.20{ 1 1/2.8111/2.37{ 1/3.03| 1.85] 0.07
c5 3.22 11/3.351 2.55| =2.81] 1 2.88f1/1.481 3.05| 0.16
co 2.5 1@.7& 2.48| 2.370 1/2.89 1 |1/2.3%] 2.99| 0.1
c7 2.78 |1/2.27'} 2.91| 3.03] 1.4 2.39| 1 3.25] 0.19
c8 2.19 |1/4.01 |1/2.35|1/1.85 | 1/3.041/2.99| 1/3.25] 1 | o0.05
Amax = 8.52, CIL = 0.07, HI = 1.W1, CR= 0.05
(4). Construct judgement matrix Bi-C and compare the relative importance among
correlative indexes to scope criterion. Below are “the relative importance
welghts: . *
B4 ] c2 c3 ok 8 W
c1 1 1/5.05. | 1/3.23 | 1/2.66 | 1/2.19 | ©0.07
c2 4.05 1 3.38 *3.66 Lot | o0.46
c3 3.23 - 1/3.38" 1 2.2 2.3 e 0.22
ch 2,66 1/3.66 |} 1/2.2 1 1.85 0.15,
c8 2/19 1/%.01 1/2.35 1/1.85 1 0.11

Amax= 519, CI=0.05, RI=1.12, CR=

~

-, %
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(5). Do global priority of hierarchy C and its cousistency -check, Construct
Judgement matrix and calculate according io the following formulas:

O L} 0
Welghts of global priority: W= Z M Ci
Consistency check: CI = t b CI; RI= ; b RI ; CR = CI / RI <O0.1
i i=1 =1
1
3 B Bl B2 B3 ] B4 global priority of
0 " 0.53 0.27 0.09 0.12 hierarchy C.W
I cl 0.05 0.0% 0.07 0.05 -
c2 0.36 0.29 0.46 0.32
, C3 0.08 0.09 0.22 0.09
ch 0.07 0.15 0.04
C5 0.21 0.16 0.15
1 C6 0.12 0.11 0.09
c? 0.19 0.19 0.15
18 0.05 . 0.11 0.03
c9 1.00 0.09 o
]01—00?. RI =1.17 , O©OR= 0.06
2 !'.[he index welghts for the research outcomes of type D, G, Qalso can be
achieved vwith the same method as above. ( The calculation process is atbre-
vi&ted. )
Ve ’Ihe results of the study
1. After doing consistency check for each matrix it was found that each CI was B
1es§ than 0.1. This showed that all iwenty-one matrices had satisfied corsis- |
tency. The data used were reliatle and the results were correct. g
| " :
2. [he importance weights of correlative factors of four type outcomes of
sclentific researches were obtained ( confer the model ):
! _ - K7
Type A Type I Type-G Type Q
New Technolcgy Soft Selence Basic Theoxy Researches on
. &] New Froduct Regearches +  Researches Extension
C1 0.05 ‘F1 0.08 " K1 0.05 Vi 0.34
c2 0.32 F2 0.19 X2 0.19 v2 0.19 —
. €G3 0.09 | ¥ o.14 K3 ~0:13 v3 0,06
ch;F 0-"0& Fq’t 0.12 Kl} 0012 Vll' Ovlo
c5 -0.15 F5 0.02 K5 0.09 V5 0.04
c6  0.09 M 0.22 K6 & 0.22 vé 0.08
(¢4 0.15 = F7 0.11 K7 0.07, V7 0.05
c8 0.03 F8 0,02 K8 | 0.03 v8 0.07
c9 0.09 9 0.06 . kK9 - " 0.2 V9 0.08
- F10 0.08 . !
) ¥ ‘ 3
3. Using the above mentioned weights, four-type synthetic evaluation forms for
k= |




sach type of sclentific resecerches were designed ( to be abbreviated ). The
different evaluation indexes were posed due to different types of researches
and were glven different weights according to the calculation. There were 1-9
scales which were divided into 5 grades, Scale 9 integrated the quantitative
standard of the top awards in provincial level. Scale 7 integrated the quan-
titative standard of the top awards in district or city level. The quantita-
tive judgement of a research, that were made by about mine experts in the sanme
field by marking * * on the evaluation forms, were integrated by reexaminer.
In oxder to avoid obviously subjective errors, the highest and the lowest eva-
luation numgers should be deleted and the mean of the evaluation numbers was
calculated. This yielded the quantitative evaluation Ri of a certaln evaluation

index. Below is the welght synthesis of weight rnumgers of the correlative
factorss

N= i Wij Rij , where Wij, Rij-are the initia) weight num-
i=1
bers and quantitative evaluation of each index; and N is the total score.

L, We have denigned the computer programme for deciding on aWards of science
and technology develoyment. The discs are available for those institutes in
vhere a lot of research outcomes are being evaluated. Through data processing,
the computer can 1list the classified priorities of four-type researches and
the priority of all researches. It can also analyse quantitatively the eva-
luation guality of evaluation staff.

VI. Discussion

%, To evaluate the outcomes of scientific researches more reasonably and prici-
sely, varlous mathematical analysis mathods have been applied and have made the
qualitative judgement quantifying, obtaining the syntheilc and quantitative
evaluation. However, how o choose initial data correctly and how to'avoid the
AInfluences from the valuator's subject projudice are still remained to be
studied and perfected.

2. The integration of experts' evaluation and the decision from the administra-
tive levels is the core of the synthetic evaluation suggested in this paper. In
the course of the evaluation, what need the valuators to do 1s only to maxk’
"/" on the forms qulitatively accordirg to their own judgement. Then the re-
examiner will make the evaluation quantifying and get the priority of every re-
search outcomes. Based on this priority, the management department or evaluation
commission can easily decides the outcomes awarded and their prize grades.

3. In this study , the research outcomes were divided into-A, D, G, and Q type
and the hierarchy model for each type was designed. Based on the thirty experts'
evaluation, the index weighis for each type were noted for thelr exactness. The
evaluation forms were simple, clear, exact and suitable for deciding on ‘the
awards. Besldes, two indexes, aunthoritativeness of evalvation commission and
self-confidence of the valuators were also involved into the overall make- up
factors of the synthetic evaluation, although they were not the make-up factors
of research outcomes. The evaluation forms Wwe designed have following chara-
ctors:

(1). e evaluation js highly exact, because the forms are designed according
to different types of research outcomes.




(2) The indexes are clear, concrete and highly quantitative. Still thdy are
easily controlled by valuators.

(3). On the forms we set scale 9 as the quantiiative index according to the top
awa:cd criteria of provincial levlie and scale 7 according to the top award cri-
teria of district or city level. We synthesize all the qvaluation criteria of
provincial district and city levels in one form. So the forms are more practi-
cal and suitable for wide ranges.

(11) The results of our evaluation mathod are prioxities and the total score
Hhich reflect the quality of the research outcomes. So this method can be
applied in wlde ranges.

(5) In the system of microcomputer evaluation, we have designed the pro-
gramme of. evaluation exactness of expert-group and evaluation exactness of
expert. ‘Therefore, toth qualities of the research outcomes and the evaluatior
quallty of experis are evaluated simultaneously. That is helpful to avold
subject factors from valuators and to improve evaluation effectiveness.

1&.2 Nowadays the trend of evaluation on scientific research outcomes is quan-
tighative indexes, although methods and indexes used are different. Ard the
evaluation forms are designed in setting several indexes, giving a set of
weight numbers and synthesizing evaluation quantitatively. That is not only
the trend but also the advanced level of sclence and technology management.
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