ISSN : 0974 - 7435 Volume 8 Issue 3

LioSechn o/oyy

A Tudian Goarnal
—==> FyLL PAPER

BTAIJ, 8(3), 2013[367-373]

Fuzzy integral evaluation on team innovation capability based on
team interactive process - Take enterprise’s new product R& D
team as case study
Zhenzhou Tu'*, Xin Gu'?
1Business Schooal, Sichuan University, Chengdu 610064, (CHINA)

 ngtitutefor Innovation and Entrepreneurial M anagement, Sichuan Univer sity, Chengdu 610064, (CHINA)
E-mail: Tzz-ecco@qg.com; guxin@scu.edu.cn

KEYWORDS

Team interactive process,
Team innovation;

ABSTRACT

Studies on team innovation has been the focus of scholars’attention. But
Most studies usually starting from the perspective of the whole

organization, concernteam Innovation asapart of organizationinnovation Fuzzy measure;
system asawhole. Thisarticle starts from the analysis of team interactive Fuzzy integral evaluation,
process behavior, inquires into the dynamic process of team innovation R&D Team.

based on mechanism analysis of cognitions and behaviors within team,
excavatesteam interactive process variabl es which have amajor impact on
team innovation, then introduces fuzzy integral theory into the analysis
and evaluation of team innovation, builds the evaluation index system of
teaminnovation capability, proposes out amodified fuzzy integral evaluation
method according to uncompletely independent characteristics between
evaluation indicators, establishes evaluation model of team innovation
capability, finally carrys out an empirical analysistaking enterprise’s new
product R& D team as case, thus draws some useful conclusions.

© 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Most scholarsresearch team innovation from or-
ganizationa innovation perspective before. Scholars
such as Marschark, Francis, Young, Johnson, Adair,
Kurand Smithet d discussed theinfluencing factors of
team innovation fromteam organizationd structure, in-
formation communication and personne arrangement
etc. Some scholars, such asAnderson, Damanpour, de
Dreuand Nijstad et d researchesteaminnovation from
thedifferent dimensionsof organizationa innovation™

WhileChinesescholarsgenerdly learnfromtheresearch
experienceof foreign scholars, focusontheempirical,
few further expand research on the essence of team
iNNovation process.

In essence, no matter from what level and angle
research team innovation problem, dl relevant factors
that affect team innovation must be achieved through
team interaction processultimatel. Therefore, thisar-
ticletriesto analyzeteam interactive processvariables
which haveamajor impact on team innovation, then
introducesfuzzy integral theory into the eval uation of
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teaminnovation, buildstheeva uationindex system of
team innovation capability, proposes out amodified
fuzzy integral evaluation method according to
uncompletely independent characteristics between
evauation indicators, establisheseva uation model of
team innovation capability, findly carrysout anempiri-
ca analysistaking enterprise’s new product R&D team
ascaseso asto provideanew thinking and new meth-
odsfor enterprisesto how toimproveand enhanceteam
innovation capability from themonitoring of teaminter-
activeprocess.

TEAM INTERACTIVE PROCESSVARI-
ABLESINFLUENCING ON TEAM
INNOVATION

Asateam, the basic attributes of their work isex-
isting cognitiveor behavioral processof interaction that
promotes each other such ascommunication, collabo-
ration, motivate, inspiration,etc. Team interactive pro-
cessvariablesinfluencing on team innovation can be
explored from four aspectsincduding team conflict, team
reflection, team innovation atmosphereand team lead-
ership, and every aspect can be analyzed respectively
frominterpersonal dimensionand task dimension.

Team conflict

Team conflict generdlyisdividedintointerpersond
conflict and task conflict by scholars. Interpersonal
conflict’s affection on team innovation is mainly based
ondistrust and discord between team members. Task
conflict generdly referstoincons stent of viewsor opin-
ionstowardstasks between team members, whichin-
fluenceismore complex onteaminnovation. de Dreu’s
two studieson task conflict and team innovation have
shown that too high or too low conflict level was not
conduciveto team innovation, only modest task con-
flict was ableto promoteit.? When task conflict hap-
penswithout team, team memberswill put forward dif-
ferent viewsin whith constructive commentscanim-
provethequality of decision-making and creativity'©.
Moreover, during the period of solving task conflict,
cooperation between the members can prompt themto
learn and rain each other, inwhich gpplicablewaysand
means are devised by mutual perspectivecollidingto
ultimately promoteteaminnovation asawhole. There-

fore, theimpact of team conflictismeasured with level
of communication between membersintermsof inter-
persond dimension, and with constructive comments
and leve of cooperationintermsof task dimension.

Team reflection

Concept of team reflection posed firstly by West in
1996, whichisdefined asthe degree of team members
reflecting onteam’s goals, strategy and process in pub-
lic, and making adjustments by expectinginterna and
externd situation”.Scholarscarried out many relevant
researches from different angles about theimpact of
team reflection on team innovation. Hoegl and
Parboteeah thought that team adept in reflection paid
more attention to environment changes, continued to
evaluatethe environment, that isundoubtedly condu-
cive to propose new team targets, adjust team’s be-
havior, and then promoteteaminnovation™. Teamre-
flectionisparticularly suitablefor teamsthat undertake
innovative projectsthat generdly confront much uncer-
tainty that changinginterna and externa environment
brings, thus precisely reflectsthe ability to copewith
theuncertainty®. Theimpact of team refl ection onteam
innovation can bemeasured from interpersona dimen-
sion and task dimension. Most scholarsmoreconcern
about reflection activities associated with task called
task reflection, andinterpersonal reflection isanother
aspect of team reflection corresponding to task. [ Stask
reflection involvestarget reflection and behavior ad-
justment!”, and interpersonal reflectionisableto be
evauated withinterpersonal adjustment capability.

Team innovation atmosphere

West and Anderson came up with new innovative
atmospheretheory on the basisof previousstudieson
relationship brtween amosphereand innovation. They
believethat team innovation atmosphereis composed
of target recognition, participationin security, task ori-
entation andinnovation support(®. Target recognitionis
todevelopavauablegod to beableto stimulateinitia-
tiveof team members. Participationin security involves
In participation and safety that encouragesitsmembers
to participatein decision-making and positively solve
problems encountered, whileharboring aloose envi-
ronment for cooperation. Task orientationisto attach
great importance to performance of tasksrelated to
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team godss, spedificdlyinduding assessngand correcting
control syssemsand firmly grasping thekey link to com-
plete tasks. Innovation support isto provide system,
resource and members support for innovation behav-
ior. Therefore, theimpact of teaminnovation amaosphere
onteaminnovationismeasured withtarget recognition
andinnovation support intermsof interpersona dimen-
sion, and with task orientation and participation in se-
curity intermsof task dimension.

Team leader ship

To study the impact of team leadership on team
innovation through teaminteractive process, first should
understand therole of team leader in team innovation
process. Team leadersasanintegra part of teamlead-
ership, generaly play asupport and coordination role
such asformulating target plan, coordinating and guid-
ing behavior of membersetc®. They arealso thekey
that linksindividuad and team credtivity. Leader ‘s inter-
vention canimproveinnovation performance of team,
and cregtiveleaderseven areabletoindicatethedirec-
tion and pathway for team’s novel, creationary pro-
grams. Theimpact of team leadership onteaminnova
tion can be achieved through cultivation of team cohe-
sion and team efficacy that isthe main source of team
initiativethat isjust key ideologica driving force pro-
moting team innovation. Theimpact of team leadership
on team innovationis measured with goa -setting abil-
ity, behavior-guiding capacity and resource-allocating
capability intermsof task dimension, and with team
cohesion and team efficacy in termsof interpersonal
dimenson.

FUZZY INTEGRAL EVALUATION MODEL
FORTEAM INNOVATION CAPABILITY

Fuzzy integral evaluation method

Theartidewill useChoquet fuzzy integrd for acom-
prehens veevauation onteaminnovation capability.
e Definition 1. Choquet fuzzy integral

Set afuzzy measurespace (X, F, g), f isameasur-
ablefunctionabout x to [0, +¢]. Under normal circum-
stances, if

f(x)=2K > f(x)2K > f(x,),

Choquet fuzzy integral for fuzzy measuregisdefined

as:[10
czj fdg = f(x,)9(x,) +[ (X, 1) = F()19(%, 1) +---

()~ 04)190%) (1)

Among Equation(2-1), Ciscomprehensiveeva u-
ationvaluefor fuzzy integral. f (x) istheindicator of
output (performancevaue) For object pendingly evau-
ated. g(x)takes into account the indicator

X %, ..., X important degree (weight):

g(Xy)=9({x}),9(X;)=g({x,%})
ca 0(X ) = g({x X, X))

Establishment of evaluation index system

Evauationindex systemfor teaminnovation capa-
bility asshownin TABLE 1.

I mprovement for fuzzy integral evaluation method

Toama teaminnovation capability evduation such
theat multi-index comprehensveeva uationind uding quan-
titative and qualitativeindicators, this paper triesto es-
tablishanimproved fuzzy integrd evauationmethodre-
lying onsemanticvariablesbased onfuzzy integral theory,
so asto achieve the purpose of evauation. Firstly, to
determineanew A-fuzzy measure according to the pur-
pose and characteristicsof eva uationfor teaminnova
tion capability, based on not requiring to meet additive
fuzzy measure. Secondly,to quantizethe semantic vari-
ablesusngand membershipfunctionfor trapezoidd fuzzy
numbersto represent semantic variablescombining the
bas c principlesof Choquet fuzzy integrd. lastly, Findly,
tobuild animproved fuzzy integrd evauation method by
integrating largeamountsof information from multi-ex-
perts. Thisevaluation method setsdifferent A value ac-
cording to theactua purpose of evauation, and obtain
preferableeva uation results. Thuswisewemay under-
stand theranking order of objectseva uated based on
theevauationresults, find the shortcomingsof objects
so astoreach theaimfor punishing lagging indicators,
rewarding advancedindicators, and develop andimple-
ment appropriateimprovement Srategiestoredizeba-
anced development of al indicators.

1)Determination of traditional fuzzy measure
e Definition 2. A-fuzzy measure
If X ={x,x,,---,x,} isfinite set, and each vari-
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able x correspond tofuzzy density function g(x ) ,in )/ MProvement for A-fuzzy measure.
Therearecertain limitationsthat thetraditional A-

which g, Can bewritten asthefollowing formula!™ o - : )
fuzzy measurecdculationisgpplied inteaminnovation

9 ({%0 Xor-- %) capability evaluation, therefore, this paper aimsto ex-
: SR - loreanew method to calcul ateA-fuzzy measure. Spe-

= ) , Y p Yy
2 X)+22, 2 X))+ A GR) - o) cifically, first based on the results of analysisfor the
1 survey of team innovation cgpability, useaquantitative
) li;[(l+ﬂg(>g))- # A, 420 method to cal cul atetheweight val ue(or degree of em-

(2-2)  phasis) of indicatorsindifferent evauationlevelsby in-

X={%, %7+ 0, ()%} ducing and integrating views of most experts. Next,
TABLE 1: Evaluation index sysemfor team innovation
Target layer First-level indicators Second-level indicators
level of communication Uy
Management capacity for team conflict U, constructive comments U,

level of cooperation Uy3

ability of target reflectionUy,
Capability of team reflection U, behavior adjustment capability U,
interpersonal adjustment capability Uy
Target identity Uz
innovation support Uz,
task orientation Uz
participation in security Uz,
goal-setting ability U,
behavior-guiding capacity U,
Ability of team leadership U, resource-allocating capability Uss

team cohesion Uy,

team efficacy Ugs

Team Innovation
capability Building capacity of team innovation atmosphere U,

TABLE 2: Degree of emphasisand setting principlesof A-value

Evaluation purposes Degree of emphasis A-value
Emphasis on evaluation objects which indicators
perform excellently in terms of a specific or
multiple

theindicator’s degree of emphasis is
improved
A-valueiscloseto -1
Emphasis on evaluation objects which indicators al indicators’ degree of emphasis is
perform excellently in terms of asingle or multiple  equivalent

Emphasis on evaluation objects which indicators
perform consistently and excellently in terms of a
specific or multiple A-valueiscloseto and
Emphasis on evaluation objects which indicators . , . lessthan O

. : al indicators’ degree of emphasis is
perform consistently and excellently in terms of a Livalent
single or multiple €

the indicator’s degree of emphasisis
improved

Emphasis on evaluation objects which indicators al indicators’ degree of emphasis is A-valueis grester than 0

perform consistently unconstrained
mphasis on evaluation objects which indicators al indicators’ degree of emphasis is A-valueisgreater than
perform consistently unconstrained or equal to 0
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accordingtothedegree of emphasis, setting principles
of A valueasshownin TABLE 2 and evaluation objec-
tives, determine parameter A values. Last, obtaininitia
A value according to the Equation(2-1), and perform
thenormalization processing.

Throughthe above, themainideaisto improvethe
method of calculating A-fuzzy measure. Such new
method to determineA-value not only makes up for the
lack of determining traditional A-fuzzy measure, more
importantly,but a so satisfiesthe evaluation target re-
quired to achieve by setting different A values, for ex-
ampletheranking order of eval uation objects.

Evaluation for team innovation capability

LetY teaminnovation capability, first-level indica-
torsx,X,,...X,, standardized evaluation index
value f (x)(i =12,...n), Second-level indicators

XLy Xgaees Xo o X5 Xy 0 I X5 X XS0, XL The

modeling procdureisrepresented asfollowing steps.
Sep 1. Determination of evaluation index value.

givethesemantic vauefor indicatorsby expert scor-
ing. Inthe process of scoring the qualitative val ue of
indicators, thereisacons derable degree of fuzziness
to describethe qualitative indicators, so to usetrap-
ezoida fuzzy number that represents semantic variables
to describethe subjective va ue of assessment. Through
guestionnaires, we cometo the semantic valuesreflect-
ingqudlitativeindicatorsof teeminnovationability based
on the semantic variable table for evaluation
value,*3(shownin TABLE 3)and build the set of indi-

cators’ semantic values f1.

TABLE 3: Semanticvariabletableof qualitativeindicators

Semantic values Semantic value

Worse (0, 0, 01, 0.2
Bad (0.2, 0.2, 0.3, 04)
Average (04, 05, 0.5, 0.6)
good (05, 0.6, 0.7, 0.7)
better (08, 09, 1, 1

fl:{ﬂ(xik)\k:lz ..... ni=12,...dn;j=12..., m}

f,(x})isthe semantic valuefor x', belongsto trap-
ezoida fuzzy number, expressed as(a*,b,c<,d*),

a*e[0,],b*e[01],c €[0,1,d [0,]; nrepresents

————, FyurL PAPER

amount of evauation level; dn isamount of quditative
indicatorsunder x k; misamount of of experts.

Cdculatingthefuzzy vaue {1 of evduationindica
torsby integrating multiple experts’ opinions.

f”(xf):i@{ﬁ(xik)@ f,(X)®..o fm(x‘k)}
m

e _ (2-3)

f :{f(xi )k =1,2,...n;i :1,2,...,dnk}~

To obtain the value of qualitative indicators by
defuzzification computing to convert the fuzzy number
of quditativeindicatorsinto aclear vaueusingrelaive
distance formula according to the characteristics of
evauationfor teaminnovation capability. Thecalcula
tionmethodisasfollows.*?

d*
df +d*

f(X)=M(f(x})=

df” = \/%((aik)z + (D) + (cf)* + (d)?)

dk’ 1 ky2 ky2 ky2 ky2 (2_4)
= F @) e @b s @ e -

(k=12,...n;i=1,2,...,dn,)

Sep 2. Tocalculateevaluation valuesat all index
levels.

Firstly, to cal culate semantic va ue of fuzzy density
for al evaluation indicatorsaccordingto TABLE 3,
dructurejudgment metrix, determinedl indicators’ fuzzy
density using Delphi method. Secondly, to cometo A-
value accordingto TABLE 2, calculateA-fuzzy mea-
sure, and go normalization processing. Finally, to ob-
taintheevauationvaue f (x*)for x« using equation
(2-1), Andthento cal culate comprehensiveeva uation
vaueof team innovation capability.

FOX9 = F00) G (X X X+
HFOG) = FOX) )G, (X XEP+(FOG) = (X )g, (X))

EMPIRICALANALYSS

Empirica anaysisselected two large home appli-
ance manufacturing enterprisesA and B. In order to
reflect typical behaviora characteristicsasinnovative
team, the survey samplesintheform of the most typi-
cal, representative new product development team are
respectively selected threegroupsfromA and B so as
to makehorizontal and vertical comparisonfor thefol-
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low-up assessment. In order to get amore objective
result of assessment, the questionnairestargeted at the
corporate R& D team |eaders and key team members.
Weissued 50 questionnairetables, recovered 48, the
valid questionnaires45, valid questionnairerate 90%.

TABLE 4: Evaluationindex valueligt of cor porateR& D team
innovation capability after pretreatment

Enterprise A Enterprise B
Ny N, N3 N4 Ns Ne
0.039 0.137 0477 0171 0548 1.000
0200 0.700 0.800 0.714 0810 0.917
0.063 0.087 0.125 0.889 0.608 0.508
0.633 0.630 0.901 0.896 0508 0.628
0.810 0.810 0.905 0.781 0.813 0.567
0719 0.813 0.906 0.526 0.053 0.524
0513 0250 0.750 0.893 0.873 0.507
0500 0.616 0504 0.607 0619 0524
0619 0.605 0.609 0.890 0623 0.517
0621 0.630 0.617 0.618 0513 0.867
0317 0.342 0.640 0400 0.600 0.630
0.200 0400 0.500 0.600 0.400 0.508
0421 0474 0621 0618 0631 0519
0.148 0.155 0.376 0.290 0436 0.967
0250 0.684 0.719 0.500 0614 0.503

U45

TABLE5: Weightsof all levelsof evaluation indicatorson
R& D teaminnovation capability

ndicators | Weights SR s Weights
U 0.601
Uy 0.719 U 0.685
Uss 0.614
Un 0.639
U, 0.807 U, 0.682
Uss 0.640
Ux 0.665
Uz, 0.515
Us 0.898
Us 0.633
Usg 0.596
Un 0.631
Uz 0.744
U, 0.783 U 0.565
U 0.532
Uas 0.527

1)Preprocessing of sampledata
semantic vauefor different expertsisdetermined

based on survey data, then calculatethefuzzy vaues.
After defuzzification computingusing Equation(2-3), the
result of datapreprocessingisshownin TABLE 4.

2)Weight deter mination and comprehensiveevalu-
ation.

Through questionnaires, to give out the degree of
emphasisondl levelsof evauationindicatorsaccord-
ing to the experts’ expertise, and then structure judg-
ment matrix, weight evaluation indicatorsof al levels
using Delphi. Thecdculated resultsshownin TABLES

First-level evaluation indicatorsiscalculated as
showninTABLE 6. Thecomprehengveevaduationvaue
isasshowninTABLE?7.

TABLE 6: Fuzzy integral valuesof first-level evaluation
indicators

Enterprise A Enterprise B
N1 N2 N3 N4 N5 N6
U, 0581 0537 0892 0745 0857 0.626
U, 0840 0.839 0.900 0.872 0.833 0.867
U; 0558 0599 0759 0.832 0642 0.741
U, 0202 0289 0445 0414 0355 0410

TABLE 7: Comparisonfor comprehendveevaluation valueof
cor por ate R& D team innovation capability

Enterprise A
Nl Nz N3 N4 N5 NG

Enterprise B

team

Comprehensive
evaluation value

Ranking 6 5 1 2 3 4

0.616 0.704 0.898 0.842 0.804 0.788

CONCLUSION

Ascan beseen by theabove evd uation results, the
comprehens veeva uation val ueof innovation capabil-
ity of three groups of new product development team
respectively selected from enterpriseA and B isgrester
than 0.6, and the eval uation results are above good,
meansthat overdl innovationlevel of R& D teaminen-
terpriseAisgreater than B. Fromthe cal culation results
of first-level indicatorsfor six groups, wefind that the
best performingindicator iscapability of team reflec-
tionwhichevduaionvaues aregreaterthan 0.8, dightly
better performing indicator ismanagement capacity for
team conflict and building capacity of team innovation
amospherewhichevauationvalues aregrester than
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0.5, poorer performingindicator isability of teamlead-
ershipwhichevauationvauesarelessthan 0.5. Andy-
gscanbedrawn further on second-leve indicatorswith
better performance correspondingtofirg-leve indica
torsthat both Enterprise A and B attach great impor-
tance to team goal s and action reflect that meansre-
thinking thetasksand goalsto further clarify thedirec-
tivity of team innovation and stimul atethe generation of
new ideas, meanwhilethey also gave high priority to
establishing good communi cation and cooperation at-
mosphere, trainingidentity and belonging of members,
adopting recommendeationsviewsof staff, rel ated sup-
porting for tasksand concernfor individua employee
etc. On the other hand, both A and B perform pretty
bad &”’team leadership” evaluation level, the reason may
bethat there exists conceptual obstaclesonteamre-
sourcedlocationinleader level or unclear responsibili-
tieswhentasksareassigned.

Althoughtheoverdl leve of innovation of new prod-
uct devel opment team from A and B isgood, thereare
asodifferencesintermsof theoverall performance of
innovative capability between A and B, besdes, ineach
enterprise, the innovation capability from different
project team aso performed unevenly. Therefore, there
arestill someareasfor improvement onteam innova
tion management that can befound from theranking of
evaluation results. From thevertical perspective, the
level of innovation performance of different project
teamsin each enterprise proj ect teamisinconsi stent,
we canjudgeby eva uation va uewnhich aspectsof team
interaction problemsneed to beimproved, soasto es-
tablishthebass. Fromthelatera perspective, theoverdl
innovationleve of R& D teamfromA isnot asgood as
B, whichcanbeseen dl levelsof eva uation vauesfrom
A arelower than B, thusenterprises can summarize by
theeva uation activitieswhich interactivefactorshinder
team innovation, so asto formul atetargeted strategic
plans.
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