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Abstract

Generally, the performance improvement is based on

This article is a contribution to the decision-maker's y,. pear down overall performances into elementary
requirements to adapt resource allocation and define

rewards according to the performance assessments gnes, and project managers define, for a given temporal
9 P %orizon, the overall performances to reach. The tempo-

each milestone of an improvement action plan EXECU- a1 horizon is also broken-down into a set of milestones

tlon.tOSur tapproaclzht_|s b_a?ed OtT‘ Perlforma[lce Me?sure;[hat generally correspond to the different evolutions of
ment Systems refating Interacting elementary periorm-y,q associated action plans or to budget control and al-

ance fo the overall performance by a 2-additive Cho- location [10]. At each milestone, based on the overall

quet integral aggregation. Performance Improvememperformance expression as well as the elementary ones,

analysis for resource aIIocat|o.n and motivation man- project manager has to answer the following ques-
agement is based on the marginal contributions of eac ions:

elementary performance to the overall performance
which give useful information on the way the overall

performance has been achieved and would be im-
proved. The propositions are applied to the business
turn-over performance improvement of a SME com-

pany manufacturing kitchens and bathrooms.

Are the observed intermediary results satisfac-
tory?
How to allocate the resources for the next pe-
riod according to the expected final overall
performance?

* How to define correct rewards according to the

Keywords: industrial performance, multicriteria deci- observed results?

sion-making, Choquet fuzzy integral, management

strategies, business turn-over improvement. Based on our previous proposed model where PMSs

were considered for informational control purposes
1. Introduction - Problem statement [11][12], the aim of this work is to define pieces of in-
) ) o formation for aiding the decision-makers to succeed in
In the current context of financial crisis and eco- answering the above questions. The major idea devel-
nomic globalisation, manufacturing companies are be'oped here is to model the link between the management
coming increasingly concerned with the multicriteria strategy and the way in which the overall performance
nature of their process assessments [1][2]. Namely, beas peen achieved. Our approach is based on the deter-
yond the Taylorian productivity, industrial processes mination of marginal contributions of each particular
must satisfy numerous and diversified criteria such aSelementary performance to the overall performance is-
delay and quality, but also innovation, environmental g;,ed from a Choquet integral aggregation. Beyond the
and social responsibility criteria [3][4]. In this context, conventional scorecard that gives the elementary per-
the continuous performance improvement approacheormances, decision-makers get thus well-focused in-

need a strong synergy between the company’s strateg¥ormation for the management of the expected overall
the defined objectives and the launched actions to beyerformance.

carried out in a relevant way. This is the purpose of im-
provement philosophies such as the Kaizen [5][6], the  Thjs paper is organised as follows. Section Il recalls
Lean Manufacturing [7][8], the 6 Sigma [9] ones... the essential background concerning the performance
Besides, when the improvement approaches concerfpypression as well as the main project management
structural objectives, that are associated with well CON-strategies that we will consider in this study. In sec-
trolled action plans, the process is rather easy to mantion |||, the proposed model is described, fundamentally
age. But when these approaches are defined for compased on the notion of criterion contribution to the per-
plex and conjunctural objectives, they are subjected toformance improvement. Section IV presents an applica-
uncertain context evolution. Project managers have thusjon to a case study submitted by a kitchen manufac-
to adjust their decisions at each step of the improvementyrer who wants to continually increase his business

process. These decisions generally focus on the validatyrn-over. Some concluding remarks to be considered in
tion of reached states, on the allocation of additional the future are finally pointed out.

resources, and on the reward procedure to motivate the
employees.
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2. Background on performance expression and mainly two points [14].

management strategies : .
9 g = The elementary expressions (according to the

) _ different considered criteria) have to be defined
2.1. Industrial performance expression background on the same scale type, generally along the same

From a control point of view, quantified performance interval scale [0,1].

expressions are used, on the one hand, to validate the = The aggregation operator must be significant for
past actions and the achieved states, and, on the other the considered scale type.

hand, to decide the actions to launch in order to satisfy The choi fth fi tor is a k int
on the best way the overall objective. However, the € choice ot the aggregation operalor IS a key point.
guantification mechanism requires a preliminary identi- To deal with the criteria interaction, th? fgmlly Of the
fication of the performance structure by the break-down Choquet Integral (denotét}) operators is interesting.

of the considered overall objective into elementary ones|ndeed, theC, operators can be seen as an extension of
at different organisational levels (strategic, tactical or !
operational). Generally, this identification is achieved
by expertise and results in logical relationships between
the involved performance criteria. Then, the two main tors are also significant for performance expressions
sub problems concerning the quantification of the per- defined on an interval scale [14].

formance are:

= the expression of quantified performances re-
flecting the satisfaction of the elementary objec-
tives,

the weighted average mean operators, able to consider
mutual interaction between criteria [15]. TRg opera-

2.2. The overall performance expression

In our industrial context, the 2-additive Choquet inte-
gral that considers only interactions by pairs has been
= the expression of a quantified performance re- shown relevant [16]. Two kinds of parameters are in-
flecting the satisfaction of the overall objective Volved:
knowing that a direct determination is generally 1. the weight of each elementary performance ex-

not possible. pression in relation to all the other contributions
Concerning the last point, it is closely related to the to the overall performance evaluation by the so-
preferences of the decision maker with respect to the called Shapley parameters's, that satisfy the

different (often conflicting) objectives. In multi-
objectives optimization methods, such as the Pareto
front ones, these preferences are required only at the tion for decision-makers,
latest stage to select the most appropriate among the
Pareto equivalent ones, and thus these preferences have
to be defined on a limited numbers of situations [13]. In of performance criteria, which range within the
aggregative methods, the preferences have to be defined interval [-1,1].

first, and this requires a deeper knowledge of the rela-
tionships between (often interacting) criteria which can
be difficult to quantify. Nevertheless, as recalled hereaf-
ter, our works are based on aggregation operators for - 1

the synthesis of the elementary performances into an Poeral =C,(P)=2XLV, P —EZ{Lllij |g - pJ|
overall performance, and the Macbeth methodology to
determine the criteria weights and interaction coeffi-
cients.

conditionzin:lvi =1, which is a natural condi-

2. the mutual interaction parametefsof any pair

Thus, the aggregated overall performance by the 2-
additive C, is given by:

where P :(pl..., P pn) is the elementary expres-

] ] _sions vector with the property:
In the context of industrial performance expression,

the aggregation processing can be formalized by the (V _ 1Zn

ij j > 0,00 0 [Ln],j # i

following mapping [12]: o it
Ag . EXxE,x.E - E The main problem on the practical level is to dispose
of a procedure to determine these aggregation parame-
(pl"'pi"'pn) = Powar = Ag(pl---p.---pn) ters from the qualitative manager knowledge. In this

. . aim, we have applied the MACBETH methodology
' being respectively the sets of the elementary 17] hich ensures the coherence of the performance
pieces of informationp, and E of the aggregated in-  expression on an interval scale, and also provides a
formation denoteg,,. Regarding the information in- ~ convenient manager asking procedure [11]. Therefore

by applying the MACBETH procedure, the manager
can design a PMS providing both elementary and over-
tary performance expression, afty, ., is the overall all performance expressions. These pieces of informa-
performance expression. Determining coherently ele-tio.n are usefu_l for assessment purposes, but are not suf-

ficient to efficiently manage the performance improve-

mentary and overall performance expressions requires .
ment cycles as explained below.

volved in the performance indicatorg, is the elemen-
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2.3. Management strategies for performance im- 3.1. 2-additive Choquet integral expression
provement
] } ) As presented in section 2, the Choquet integral is com-
In fact, in performance improvement on a quite 1ong posed of a linear part that is modified according to mu-
temporal horizon, project managers can adopt many aty,a| interactions between criteria. Going beyond this,

t't!:dets W|thoregtat11rd to thﬁ de;mstlr(])nsdto _b_e madek_at egc he 2-additive Choquet integral can be written as a con-
milestone. ©n the one hand, the decision making de- o o) weighted mean in each simplex
pends on the organizational structure of the control used . i}
by the company [18]. The decision-maker behaviour H,, ={XD[O,1]/OS Powy S-S Pon) s]} de-
depends also on s_00|al choice aspects. In particular .th(?ined by the ranking of the elementary performances
problem of allocating resources or rewards to the dif-

ferent actors of elementary performance improvementr?prelsemed by tge f.uEth']mSt?l'S \1ve|ghtzd_ sum can be.
should consider motivation aspects in addition to tech-SIMPly expressed with the Shapley and Interactions in-

nical ones. dices [21]. Indeed, for an$* performance vector be-
In the sociological and economic literature, this prob- onging to the H, simplex, the Choquet integral has
lem relates to notions of distributive justice, more spe- he I .
cifically desert-based principles of distribution [19]. the linear expression:
* People should be rewarded according to the n
H H : : k —_ OK\ — k k
value of their contribution to the flna_ll product. Poverann = C,(P") = ZA,ua(i)_pa(i) ,where
» People should be rewarded according to the ef- i=1
fort they expend in their work activity. . 1 _
* Resource allocation can compensate for diffi- By = Vo +§§ Loiyoti) _EE Loyon WIth Vg, -the

culty differences in people’s work activities.

relative importance of criterior_., and | the in-

a (i) aha(i)
To deal with all these principles, the manager can con-teraction between criteria,;, andc,,;,.
sider more or less utilitarian or egalitarian strategies as
will be illustrated in section 3.

Note finally that the decision-maker behaviour depends
also on the psychological aspects related toaffest
notion [20], and eventually on the points of view of
other people in case of group decision-making. Bot
these aspects are not considered in this paper.

Moreover, for

everyk: ZA,L/;U) =1 Thus, the Choquet integral is a
i=1

type of weighted mean with weights varying according

hto the ranking of elementary performances. Therefore,
mathematical tools developed in the linear framework
can be extended, as detailed below.

3. Performance improvement management 32. A pogeriori contributions

Let us recall that we consider a context where projectoyr approach consists in rewriting the performance
managers define, for a given temporal horizon, theimprovement ie C (F)-C (®) from an initial
overall performances to be achieved. The temporal ho- T “

rizon is also broken-down into a set of milestones thatperformance vectoP to a final performance vecter,
generally correspond to the different evolutions of the as a sum of terms related to the elementary
associated action plans or to budget control and allocaperformances. Actually, elementary performance
tion. At each milestone, based on the overall perform-contributions depend on the path followed during the
ance value as well as the elementary ones, the projegberformance improvement. For example, to increase the
manager has to answer the following questions.

* Are the observed intermediary results satisfac- . ) ) )
tory and possibly how to define correct re- iz, CAN be considered as illustrated in the figure
wards? 1. with ty, P, is first increase thel,, for t, it is the

* How to allocate the resources for the next pe- opposite, and fots, P; is half increase, theR, and
riod according to the expected final overall finally P, again.
performance? 9 Xz

. . . bissectrice
These points can be translated into the following
mathematical statements. P=(P,P)

performance fromP to P three possible paths

Hy: X=X,

CL(PLP)=Du X + D, X,

* What has been at the considered milestone o dp, E
. . . . Vg
the marginal contribution of one particular |
elementary performance to overall perform- Z
ance?

« What would be the expected marginal con-
tribution of one particular elementary per-

formance to the overall performance during
the remaining periods? Fig. 1: Contributions according to improvement paths

Xq C, (P, P) =D . + A, X,
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An important fact is that the criteria contributions to « If such a point does not exist, thed, is to be

C,(F)-C,(P") depend on the individual path. The deleted along with all arcs whos, is an endpoint;
contributions of criterion 1 according to the different « | astly, once each nodéi, has been verified, a

paths _, ., -, of are respectively: filtered graph¢ is obtained.

Cr=b0p.(p-p),  CF=0p.(pr—p)) (Mpand  Step 2:For each nodeH, in Ig, the range of allowed
Ay, are the weights in the H1 and H2 simplexes) andvalues for p (o) is computed for each criterion
C{* =D dp+Ly.(py - p! —dp). Similarly, for the [B"(0);B*(0)] . This computation is given by the

criterion 2: following expression:
C = By (P = P2) + Ao (P = 1) B" (0) = max ;) B €)= min p,
Cy =Dy, .(p — py) +Au, .(p, — p}) and
C% = Au,.(p, +dp-ph)+Au .(p;, - p. -dp). An example is given in figure 2 for=4 whenn=4
It can easily be checked that: and H, ={x0[0,1]/0< p, < p,< p,< p,<1} .
0j,C,(F)-C,(F") =Cl’7' +C§" Then, figure 2 illustrates the
with Agy + A, = A+ D, =1 (i.e. Choquet integral  [BI'(9); B"(0)] computation.
continuity).

Consequently, tha posteriori contribution of crite- ff((;;j
rion Cf" can easily be computed knowing the followed B (0) Hotlo@)=2 B3 (0)

R og(4)=3 Y
patht;. 5 =
Py i Y

3.3. A priori contributions " Py, P

But, as a consequence of our modelling point of
view, the a priori contribution of a criterion to
C,(F) —Cy(ﬁ') cannot be precisely determined.

Thus, we propose to compute the lower and upper

endpoints of the interval containing all possible values Step 3:'r defines a set of pathPath ,k =1.m, with
for the contribution of any criterion The aim here is to Y . )
provide both the minimum and maximum expected con- "'« s the source andt,  the sink without the

tributions for each elementary performance. Indeed, onepresence of any cycles. For each nodein Path , a
criterion performance improvement must necessarily

contribute at least up t€" =minC’, but it is entirely
z

Fig. 2— Example of[B" (0); B**(0)] computation

determination of[B" (0); B**(0)] and Ay (o)can be

made in addition to the linear coefficient 6;, for the

. . . I-I —- z
possible for the contribution to read —mtaxCi : criterioni in the simplexH,, . Let £™* be the series of

Therefore, [CN,C"] characterises the imprecision in disjoint intervals | (o) such asl (o) 0[B" (0); B*(0)]
thea priori contribution of criterion to the overall per-  and U l.(0)=[p'; p] . With L(1) denoting the

formance improvemef@,, (P") —Cy(lf>I ). o1 H, ONodes(Path ) . _
length of interval , the following expressions can then

be computed:
The principle used to computgc",C"] involves a P

three-step procedure. Q?J{‘ Z Ay (o).L(1,(0)) and
Step 1:First, let us consider the non-oriented complete =  @/f-metestFan)

graph T, which ties all the n! simplexes ?B%XJ/H E%ﬂ:ﬁ(mmﬂﬂ. (0).L(1,(9))

H, ={|5D[0,1]" 10 p,, < .<p,, < } . Let H ~ be the ’

Ultimately:

C'=minmn > Au(o).L(,(0))

1 Patt
Pat! 4
e &7 5 1h, ONodes(Path, )

simplex the initial performance vecta? is belonging
to and IetHUF be the simplex of the final performance

- n_
vectorP . Thus, H, would be the source of and G =Mmaxmax > By(0)L( (o)

Patflc &% 5/ H, ONodes(Path, )

Ha; the sink. These contribution intervals enable to quantitatively

« For eactd_, it is verified that at least one point Compare the monitoring strategies to improve the over-

o

I
P(o) exists such asi 0{L;.;r}, pl <p(0)<p ; all performance fronP to P .
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3.4. Monitoring the performance improvement Share rewards amounfRw proportionally to

For performance improvement monitoring purposes, (,B’ik—,B’i"’l).&N (namely,
. . n
cN and C" can be computed at each milestone point K ke K pkely for 0
- e pl =Pl = (B - AR - 1))
P* of the performance evolution frore' toP". The .
end while

corresponding[CiN(k),CirI (k)] intervals satisfy the fol-
lowing relationship:

[CM (K, C" (k)] D[ G (K) +C(k+1), G (k) +C' (k +1)]
Whereéi (k) is thea posteriori contribution at milestone
kand CN (k) (reﬁp.Cin (k)) the lowest (resp. highest)

expected contribution from milestoRé to P'. This
means that the imprecision related to the contribution o
a criterion to the overall final performance improve-

ment Cy(ﬁ')—Cﬂ(ﬁ') naturally decreases aB* ap-

Monitoring Strategy 2

The manager prefers to first consider criteria that
should guaranty the most significant overall perform-
ance increase. Rewards are then related to the criteria
contributions to the overall performance improvement.
¢Such a share corresponds to a cautious strategy of the
company without further considerations regarding the
social climate. Indeed, a criterion contribution depends
on the simultaneous efforts of others and this induces
reached competition between criteria because of the uncertainty
aspect of the improvement progress.

proache® . Indeed, once P has been
atk =k’, cV(k')=c (k) , no imprecision remains.

The manager thus knows at any milestone the full range! N€ corresponding procedure is:

of expected values for each criterion contribution, but) k=0, Di,é.o =0
he could use these pieces of information in differenf\while k < k*

ways, according to his management strategy, for re- Allocate resourcesAm to a(k).[CM(k),C" (k)] (here

sources and rewards sharing.

Hereafter we illustrate a few possible strategies without
entering into the debate of which one would be the best.
We consider a situation where the final performance to

be expected at the final time i® =(1,1,...,) and

where several milestones (indeXdchave been defined
at the beginning. Let us denofen the total resources
amount granted for the considered performance im-
provement (for ease of processing the resources are
transformed into monetary units (a corresponding coef-

as a precise value is required different possibilities
can be considered: for example takik) orcC' (k) ,

or the middle of them)

k=k+1

At each mileston®(k) , compute the corresponding a
posteriori contributions{fi (k) (see subsection 3.2)
Share rewards amountRw proportionally
G (k-G (k-1

C,(F)-C, (")

to

ficient a(k)is introduced in the following) though in RW R R
practice they correspond to equipment or workers). The (namely, C.(F)-C (ﬁl)'ZiZk(Ci ()-C (k_l))
rewardRw corresponds to the total amount dedicated to “ .
reward efforts during the improvement duration. Here- =_«L_.-Z-éi(k*) = Rw)
after, without being exhaustive we describe two strate- C,(P)-C,(P) "
gies considered as possible by our industrial partner.  end while

Monitoring Strategy 1

4. Case study

The manager wants to reward the employee teams in
charge of criterion performance improvements accord- )
ing to each elementary performance expected value?-1. Presentation
without creating competition between them. The only
condition for Am to be shared fairly is that all the ele-
mentary objectives has been fully achieved.

The corresponding procedure is:

k=0, 0i,8°=0

While k <k*

Allocate Amto a(k).[p - p’], a(k)0[0,1] is a
time decreasing function suchEsk ak)=1
k=k+1

At each mileston®(k) , the p* observed value is
such that:p* = (1- 84).p° + B .p

The case study is issued from the Fournier Company, a
SME that produces kitchens, bathrooms and storing
closets. The company manufactures more than 850 000
items and its weekly production is 5000 pieces of furni-
ture. The product is made of about 10 different parts,
each part containing between 10 and 50 elementary
pieces. The manufacturing cycle time is between 2 and
5 weeks. The goal of the company is to continuously
increase itdusiness turn-over by about 10% per year.
More particularly, since the beginning of the financial
crisis in 2008, the company has focused on the man-
agement system of the retailers’ network. Indeed, in the
previous period, the major objective was associated to
the productivity and the performance of the factory. It is
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necessary today for the company to consider the indi-that requires the decision-makers to give his intensities
rect activities, such as logistics, marketing, advertis- of preference about a set of situations. The decision-
ing... without forgetting the industrial criteria of cost, maker was already familiar with the comparison of
guality and delay. situations and the answers came rapidly with the help of
In this new context for the Fournier Company, top the research team. Nevertheless the time dedicated to
management has expressed its needs for formal toolshis phase (one afternoon in two consecutive weeks)
for the monitoring and the planning of the improvement does not make it possible frequently executing this pro-
approach. In this sense it is proposed for the companycedure.

to use the previous PMSs to supply on the one hand the

performance expressions for the duration of the im- Thus, the initial elementary performances are
provement, and on the second hand, the informationg' _ E i | -

about the past contribution and the expected ones at =(08,02,0.75,0.E with pocq _0'46?8' The ex-
each milestone of the improvement project. pected performance for the end of 201Pis= (1,1,1,1)

4.2. The company PMS with p,.., =1, i.e. the objectives must be achieved.

, o . The total resource amount of the project is
Knowing the overall objective of Business turn-over Am = 460kE

increase of 10% per year; the objective breakdown al-
lows the top management to define four elementary ob-
jectives (as shown in figure 3) which were yet achieved
(table 1) at the beginning of the year 2010.

The total reward amounRw dedicated to employee’s
efforts during the improvement duration is 500 k€.

The company has considered that the second monitor-

- ing strategy (see section 3.4) corresponds to his usual
Business Tumov management strategy. Indeed for a reactive and effi-
cient control of the improvement project, the manager
Advertising Product pric Custome Retailers would like:
level increase decrease satisfaction number . to know the performances at the considered
increase decrease .
milestone,
* to define right rewards according to the ob-
Fig. 3: The Business turn-over objective breakdown served results,
» to allocate the resources for the next period ac-
The current situation (in the beginning of the year 2010 cording to the expected final overall perform-
is gathered in the table 1. ance.
Objective | Current 4.3. Improvement strategy deployment
Objective label - . .
jeciive fabe value (July V?"“_e (bef The manager proposes to define a milestone every se-
2011) gg‘lr‘(')ng 0 mester during the carrying out of the improvement pro-
) ject: k[0{1,2,3}. He decides also to balance the amount
Advertising budget 10 6 Am =460k €for resource allocation on the three semes-
Product price 10 125 ters. He performs in a similar way for the rewards
Customer satisfaction 98% 93,2% amountRw =500k €. Let us consider the allocation re-
New retailers number 50/year 10/year

sources and the rewards determination according to the

L L monitoring strategy 2 (see section 3.4)
Table 1: Current state and objective quantification

Beqginning of the first semester: k=0

From this information and thanks to the project man-
ager expertise it is possible to build the company PMS o . )
(cf. 2.2),i.e. to identify: At the beginning of 2010P =(0.8,0.2,0.75, 0.5 with

« the elementary performance expressions ac- p| _ =0.4638and the PQM takes(0) = 0.5(50% of

cording to the previous objective breakdown, ¢ resource are affected to the first semester), and the

* the overall one by the determination of the pa- ean contribution is considered for the resource alloca-
rameters of theC operator (table 1). tion.

The contribution results are gathered in Table 3.

Shapley Indexes | v, Vs V3 V4
0.30 | 0.25] 0.30] 0.15 P P2 | Ps | Pa
Interactions b s [l c"(k=0) 0.029| 0.26] 0.01 0.075
0.30 ] 0.20] 0.25 cM(k=0) 0.131] 0.32[ 0.11 0.138
Table 1:C, parameters Cr(k=0)=(C" +C")/2 | 0.08 | 0.29] 00§ 01065
[1- piO] 0.2 0.8 | 0.25[ 05

The elementary performances and @g parameters
have been obtained by applying the Macbeth procedure

Table 3: first semesterpriori analysis
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According to the results of table 3, the elementary per-The expected maximal contribution regarding crite-
formance p2 appears as a priority in the improvement rion 1 decreases whereas the minimal expected contri-

project. The manager then decides to share resourceQution increases. The expected maximal contribution
according to the monitoring strategy 2 regarding criterion 2 is steady whereas the minimal ex-

The weighted monetary transformation paramejgis pected contribution Increases, and so on.
_ Note also that the imprecision regarding the expected
computed thanks to: contribution of a criterion decreases in time:
Gy-(0.08+ 0.29+ 0.06 0.1065) 0.5.4=g¢, =428.7. N ~ N A n no
Then allocated resources are: C'(k=0)sC ()+c W= C (1)+c" @< cl (k=1).

428.7.(0.08,0.29,0.06,0.1065) (34.3,122R7,45.7 k€. o _
Beginning of the third semester: k=2

Note that if monitoring strategy 1 is preferred (re- o o
sources allocation is independent of the relative impor- 1 "€ Samea priori anda posieriori analyses are made

tance of criteria), then the normalized monetary trans-2nd the results are reported in table 6.
formation parameter isc.(0.2+ 0.8+ 0.25 0.5% 23

= ¢ =131.4. The resource allocation would be: ?10 Fizo p130 pg 536
131.4.(0.2,0.8,0.25,0.5) (26.3,105.1,3B8.7). P (k = 2) ’ ' ' '

o ) C (k=2 0.041 | 0.278 | 0.081| 0.037
Beginning of the first semester: k=1 ( )

c(k =2) 0.0 0.0 0.0 0.1

Thanks to the effort and actions made during the first C(k=2) 0.0 0.0 0.0 0.1
semester, the performances given in table 4 have been-
achieved. At this milestone, the manager gets the ele-c, (2)+C,N (2) 0041 | 0278 | 0081| 0.137

mentary performance contributions and determines the—
associate rewards according to the monitoring strategyC; (2)+Ci” (2) 0.041 | 0.278 | 0.081| 0.137
2 (see table 4).

[1-p(k=2)] 0.0 0.0 0.0 0.364
Py [ Ps Pa CA-CA ny 103 | 131 | 727 | 345
P (k:1) 0.859| 0.859 0.859 0.5 1—Cu(|5') :
& (k=1) 0.03 | 0.264) 0.003 0.0
: Table 6: third semester analysis
Rw ~ 28.0 | 246 | 2.8 0.0 =2
ﬁ.[ci (k =1)} The overall performance iC,(P")=0.90 and the
5 ®) global reward is 130.6 k€. Obviously the elementary
. . _ performancep', p°, p°, can no more contribute to the
Table 4: first semesterposteriori analysis
overall one.

—1
Note thatP =(0.859,0.859,0.859,0. and the overall  For the third semestr=3, the remaining resource

‘e (B — amount is 115 k€ and the last improvement stage to
performance i€,(P)=0.76, the global reward P 9

amount is 276.8k€ and it remains 230 k€ of resources. achieve the expected performamte=(1,1,1,1) con-
cernsp, . The final contributions are:

At this moment the manager is in similar situation as ~ , | N
the beginning of the first semester. He has to determine© (k - 3) =0.041Co (k - 3) =0.27¢,

again the resource _aIIoc_ation for tHd gemester. Thus_, Cs (k - 3) =0.081and Ca (k - 3) =0.107.
the new contribution intervals for all the criteria
[CN(k=1),C" (k=1)] are computed (see table 5 line 1
and 2) Lines 4 and 5 give the interval of the sum of

past contribution and expected ones. The arrows indi-I h I . lated with th
cate the variations with the expected contributions at n summary, the resource allocation related with the po-
k=0 (Table 3). tential contribution for a given criterion fits well the

It can be checked that:
0.041+ 0.278 0.08t 0.137 0.537-D'.

01 0 0 04 company management philosophy. Indeed, the manager

k=1 0011 0014 0,007 0102 can globally consider the contribution to the overgll
i performance due to the elementary performance im-

c"(k=1) 0.074 0.056 0.078 0.138 provement. This contribution is seen as more significant

than elementary performance increases. To better adjust

~ 0.01— | 0.102— ; :
Ci (1)+C|N @ 0041 | 0278/ his resource allocation, the manager suggests that con-
~ _ _ tribution simulation could be an interesting develop-
0.32 0.138
& ()+c"@ 0.104\y 0.081\y ment.
1-p Q] 0.141 0.141 0.141 0.5 The effect of the rewards on the performance expres-
|

sions or contributions is not so clear. If the rewards give

i o . an additional motivation to the concerned employees, it
Table 5: second semester a priori analysis
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has an opposite effect on the other employees. This last
consideration shows that it is difficult to manage the
reward issue only by the contributions. Some adaptation
of the management strategy by taking efforts in the
work activity should be considered in this sense.

5. Conclusion

This paper proposes decision aiding pieces of infor-
mation to better monitor performance improvement
when decision-makers are faced with interacting multi-
criteria modeled by a 2-addtive Choquet integral. The
approach is based on the determinatiora gbsteriori
criterion contribution andh priori minimal and maxi-
mal expected criterion contribution. Thus the designed
Performance Measurement Systems is an aid for man-
agement decisions concerning allocation resources and
rewards distribution, as illustrated in the case submitted
by a SME company.

Here only a few monitoring strategies have been con-
sidered. Integrating contribution, effort and cost in dif-
ferent manners for resource allocation and rewards dis-
tribution constitutes interesting perspectives. An exten-
sion of the method could also be to define elementary
objectives for each employee, and to check their contri-
bution to the elementary then overall objectives. In that
case, it is interesting to notice that the rewards could
take into account the satisfaction of dependent objec-
tives by other employeese. the principle could be that

an employee is rewarded if he has done his best accord-
ing to what is possible, even if the result is depending
on the satisfaction of the influencing objectives.
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