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Abstract: The optimization investment policy decision of an ERP implementation has been analyzed under symmetric and asymmetric
information conditions. For both conditions, ERP implementation options’ decision optimizing models have been developed. In these
models, both clients and vendors try to pursue their own benefits. Based upon the principal-agent theory, the models show to what extent
a principal (a client) needs to pay more to an agent (a vendor) in a context of asymmetric information. For the client, it is important to
understand the extra costs to be able to adopt effective strategies to stimulate a vendor to perform an optimal implementation of an ERP
system. The results of a simulation experiment regarding ERP implementation options illustrate and verify the theoretical findings and
confirm the general notion that the less informed party is obliged to pay an information rent to the better informed party.
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1. Introduction a vendor commonly will choose to buy the implementa-
o ~ tion rights. Therefore, the client can make the best deci-
There are large similarities between the way of handlingsion policy to stimulate the vendor to give the best quality
ERP implementation options and financial options, as willimplementation of an ERP system.
be demonstrated in this paper. Hence, extending financial . . .
bap g The dilemma of an ERP implementation can be looked

options’ theory models can help us deal with ERP invest- t bl £ inf i " It i
ment decisions [1]. The main idea is that several vendordt 8s @ problem of information asymmetry as wel. 1t 1S

are competing for the implementation rights. They can per-2 bottl_eneck problem of_disturbi_ng indu_stries’ op_erations,
suade tf?e clignt to buy gn ERP implenglentationyin dif?er- especially of supply chain (SC) integration benefits [2]. A

ent ways. The vendor can, for example, lower his price.CI'em’ core enterprise or other member enterprise in the

This action can be seen as the vendor buying an ERP imggi:a.‘do‘l)ts vartlotL_Js megstures It<0 contrﬁl thet eﬁectﬁpf_ ant
plementation right option from the client. That is, during Impiementation and to maxe sure he gets a suflicien

the auction, competing with other candidates, the vendofart ofttr?e gl;_alnts. B&J:hwrgglpserlo&ls asyrgggt_r y eIX|sts bte-
can buy the right to implement. Clients can invest in an ween the client and the vendor, an implementa-

ERP project, and grant permission to the vendor to imple-tlon becomes very difficult.

ment. This allows both vendor and client to generate ben-  As principals, clients may have different characteris-
efits from the induced investment. However, a vendor maytics, resulting in various requirements. At the same time,
choose not to buy the rights, but this will lead to the risk of the agent’s (vendor) capabilities of implementing and main-
being forced to stop his ERP activities since he is not ablgaining client-specific ERP projects may be relatively low
to implement the system he developed. Because the costecause he doesn't have all the information on the ERP’s
of having to stop the ERP activity is usually bigger than real implementation effects on the client’s operation pro-
the cost of buying the clients’ ERP implementation rights, cesses. On the other hand, a vendor may only care about
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his standard ERP implementation project, though this is  Here,Z; is the client’s controlled implementation ben-
possibly not suitable for the client’s business. So, there ifit. Pg is a variable that represents the probability that a
a possible trade-off between standardization and the capalient discovers deviations from the agreed implementa-
bility to fulfill the specific needs of the clients (customiza- tion’s quality (described in the specifications of the con-
tion). Moreover, clients do not necessarily have a big in-tract between client and vendor) during its process.
side into the impact of an ERP implementation since theyPr € [0,1] , and we callPg the deviation control level.
might not be acquainted with the possibilities and limita- P is the ERP implementation right option. It is a decision
tions of an ERP system. Often, they are not familiar with variable, and a function of the deviation prevention level
technological problems when facing an ERP implemen-Pg , P = P(Pg).
tation, while the vendors are often not acquainted withC'4 represents the client’s cost, required to prevent bad im-
the processes and operations of the enterprise or its suplementation quality, and it is a function ét, , C4 =
ply chain. Thus there is asymmetric information betweenC 4 (P4).
client and agent. P, is the evaluation level of the implementation, given by

In addition, according to the asymmetry information the client. It indicates whether the implementation process
theory, the vendors’ private information on ERP imple- corresponds to the agreed specificatidfs.is a function
mentations is regarded as external, and thus cannot be coof Pz, P4 = Ps(Pg). If Pr equals0; then P4 equalsl
trolled directly by the client. It is just regarded as hidden and W and X become irrelevant. In other words, i4
information, causing information asymmetry. Hidden in- is 1, the quality is perfect and there are no inner and outer
formation is regarded as the first element constituting thdosses P, reflects a client’s subjective judgment aRd <
asymmetric information theory. This is inevitably reflected [0, 1].
in their implementation controlling actions. Given the hid- W, X are constants that represent the vendor’s inner
den information, the vendors’ contract choices may con-and outer losses. Whereas the inner losses reflect devia-
flict with what clients expect since the vendor is not awaretions from the agreed quality (the specifications) during
of the optimal solution for the client. Thus, sub-optimal or the implementation process (and thus are at the expense
wrong choices can be made. This is referred to as adversef the vendor); the outer losses refer to quality deviations,
choosing, the second element of information asymmetrydiscovered after the implementation (and at the expense of
theory. Under the condition of hidden-action, vendors arethe clients).
tempted to maximize solely their own benefit and opt for ~ The actual quality control leveP, is smaller or equal
a generic solution to serve as many clients as possible, nde the clients’ ideal solution. So the agreed implementation
glecting the specific needs of the client. One party takedevel (as specified in the contract) is equal or less than A.
advantage of the other. This is referred to as moral risk,This is a constraint of the model, which is referred to as the
the third element of the information asymmetry theory.  clients’ individual rational constraint ). According to

In the paper, ERP implementation options’ decision literature [3], thel R~ should be reformulated as follows
optimizing models are established. With clients as prin-for calculation purposes:
cipal, vendors as agent, ERP implementation evaluation
and deviation prevention principal-agent models are pro-Zs = —a(P4 — A)? 2
posed. In these models, both clients and vendors try to pur- .
sue their own benefits. Based upon the principal-agent the- Here.a is a parameter that represents the vendors’ great-
ory, the models show why a principal should stimulate an€St implementation evaluation ability, and> 0. A ven-
agent to pursue his benefits and to what extent a situatiof0rs implementation controlling benefit function, that is,
of asymmetric information is to his disadvantage. the agent's target function is

Z3 = Ppllg + (1 - PA)PE(UE + W)

2. ERP Implementation Options Decision’s 1= Pa)(1 = Pp)(lp+ X) =P =Cp ()

Principal Agent Model Here Z is a vendor’s implementation-controlling
benefit.

As a principal, the client's ERP implementation benefit I1 is the vendor’s benefit. It is the difference between the

function, thus the principal’s target function is: agreed value and the real value of his solution (so the dif-

ference between the amount in the contract and the amount
Z1=P=Ca=(1=Pa)PeW = (1= Pa){1 - Pp)X actually paid by the customer).
@) IIg is the vendor’s benefit. It represents the clients cost
The gains are the vendor’s offer minus the price for for the discovery and correction of mistakes after the im-
acquiring it, minus two parts, both indicating that the ven- plementation of the system.
dor’s implementation result deviates from the negotiatedUg is an agreed bonus (or premium) paid by clients in or-
standard. In one part the deviation is discovered by theder to encourage vendors to discover and correct mistakes
vendor during the process (so the price can be adjustedand avoid escalations later on.
If the client notices it afterwards however, it must be de- Cg is the vendor implementation evaluation cost, it is a
ducted fully from his benefits. function of P , Cr = Cg(PEg) .
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The function ¢3) consists of two major parts. The first In order to maximizeZ, we take the first and second deriva-
part (P4 1) represents the perfect situation: the paymenttive of the function.
for a system that attains maximum quality. Another impor- Taking the first derivative oP4 , gives us:
tant part represents an imperfect situation, B
(1 — Pa)(1 — Pg)(IIp + X) that is, the punishment for Cata(Pa—A)=PpW +(1-Pp)X
bad quality that is discovered by the client. The second derivative of equation (4) is

In the process of an ERP implementation decision, dd}_iz2 — Cy—a<0.
cllentg, must conslderthelr beneflts. To calculate.the cllent%0 under a condition of symmetric information, we find
benefits, we define the functiori and use equations (1),
(2) and (3), thus considering three elements: the client 's

gains of equation (1), the constraints of the client's equa-p, _ PEW + (1 —-Pg)X —Ca 4 @
tion (2) and the benefits of the vendor’s equation (3). a
Z =2y — Zy+ Zs (4) The vendor’s implementation quality level and the options
payment decisions are:
_ _ . Py = Pa(Pg) 8
3. ERP Implementation Quality Evaluation P = P(Pg) (9)

and Options Payment Decisions

In order to minimize the risks of hidden information of the 3 2. ERP implementation Quality Evaluation

vendor and get the best possible implementation evaluaand Options Payment Decisions under the
tion level P4, especially when negotiating an ERP imple- . . .

mentation contract, we compare two situations. The first isCondltlon of Asymmetric Information

decision making under the assumption of symmetric infor- . o .
mation. The second situation deals with decision makingNoW: consider the situation were vendors have ERP im-
under the assumption of asymmetric information (some in-Plémentation knowledge (private information), and clients
formation is hidden by the vendor). cannot obtain this information. As a result, the ERP imple-

mentation decision problem becomes an asymmetric infor-
mation problem, which is a typical principal-agent prob-

. . . . lem [4]. Under these conditions, the client’s target function
3.1. ERP implementation Quality Evaluation can be described as shown in equation (10). The clients

and Options Payment Decisions under the will choose a certain implementation evaluation leig|,

Condition of Symmetric Information and an implementation option payment P to maximize the
target function (4) under the condition of a client’s expec-
Under condition of symmetric information between clients tation, that is:

and vendors, clients can observe the vendors’ implemen- Pl
tation activities. Their ERP implementation decision prob- ,, .. B(Z) = / Zf(Pg)dPg (10)
lem is an optimization problem. The clients’ targets are: (i) PL

to choose an appropriate quality evaluation legl and
implementation options payme#ft, and (ii) to maximize
the client’s benefit function, that is:

Here,E(Z) is the client’s expected target benefit function
under asymmetric information. The real client’s deviation
control level P is not known exactly but is situated be-
max Z = Zp,,p(Pa, P) (5)  tween an upper and lower limie € [Pk, PH]. P denotes

At the same time, under a system based on open competf1 probability density functiorf(PE). And now, clients

tion, the vendor’s benefits will tend towards zero, so that,Can estimate’s . This estimation is called’z . Pp is a
Zs = 0, this means we can re-formulate equation (3) asProXy for the real deviation control level, which is not yet
follows known to the client. Clients will design a stimulus plan to

obtain P . This plan guides vendors to realize the devia-
P = Pallg + (1~ Pa)Pp(Up + W) tion control levelPg , targeted by the client [5]. According

+(1 = Pa)(1 = Pp)(Ilp + X) — Cg (6)  to the proclaimed axiom of the principal-agent theory [6],
Substituting equation (6) into equation (4), gives the fol- here is:
lowing result.
Z=P—Cp—(1-Py)PgW —(1—Pa)(1— Pg)X Py = argp, maxZs(Pr)
—la(PA — A)? = argPEmaa:[PA(PE)HG + (1 — PA(Pg))Pp(Ug + W)
+(1 = Pa(Pp))(1 — Pp)(IIg + X) — P(Pg) — Cg]
0= —Ca+ PeW + (1 Pp)X — a(Ps — A) (11)
@© 2012 NSP
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To maximize the target function (11) under the con-  So, to get a high quality ERP implementation under
dition of a client's expectation, we take the first degree asymmetric information; we maximizez and take its first

derivative of Pz and make it zero, that is: derivative towards’} , i.e.,
dP de
iPn (g — Pe(Ug +W) — (1 - Pg)(Ilp + X)|u Fronk [l — Pe(U. + W)

=0 (12) dPy4 v

—(1—=Pg)IIp+ X)|— Py=P

Whereu is the first degree derivative of implementation ( =)(I15 ) dPg ‘ 4 A
quality evaluation levelP, to the deviation control level (29)
Pg 's estimated value’g , and it is a newly introduced
controlling variable. _ )
AP, 4. Comparing the Implementation Results
iy (13)  under Symmetric and Asymmetric

Hence, the ERP implementation quality problem un- Information Conditions
der asymmetric information can be regarded as an optis

mum control problem with following target functions: the Now that we have the maximurff, under the assump-
benefit ex ecptation equation (10)gandgthe maximiiationtion of symmetric and asymmetric information, we ana-
P 4 lyze and compare in this section the implementation evalu-

functions (12) and (13). We assume that under the opti—; ' level,P4, in these two situations?, is dependent on
mum control problem we get the best possible estimate for

- - : . Pg, itrepresents the evaluation of the ERP implementation
Pp . Through proclaiming an axiom and stimulus strategy, q,5jity and it is our principal decision variable. By com-
the deviation control level comes close to the real Va'”e'paringPA in both situations and establishing whether and
Hence, we assume tha; evolves towards’p. So, inthe 4 \yhat extent they differ, we can obtain the best policy to
next steps the real deviation control levél is deployed. g jate vendors to implement ERP systems optimally. In
Using the maximum axiom to seek a solution for this clas-

. li bl he followi " order to optimizeP, we need to consider the client’s im-
SIC contrQ Ing problem, we constructt e following Hamil- plementation evaluation cost functi@ry as well asP4s
ton function, based upon equations (10), (11), (12):

first and second derivatives towards,, (which are all
H=Zf(Pg)+ A\p [lI¢ — Pe(Ug + W) greater than 0). For the convenience of computation, we
—(1 - Pg)(ITp + X)Ju+ Ap,u choose Yeom et als cost functidiiy (P4) = %K’APE,
[6]. Here,K 4 is a general coefficient.
(14) From equation (7) - the assumption of symmetric in-
Here, \p , A\p, are parameters, introduced to solve the formation - we get:
problem. To find the optimum solution, we need to max- aA+ PeW + (1 — Pp)X

imize v, P and P4 . We take partial derivatives of the P, = (20)
Hamilton function towards each of these variables: Kata
OH From equation (19) - the assumption of asymmetric infor-
5, — "Pllc — Pe(Up + W) = (1 = Pp)(Ilp + X)] mation we get:
+Ap, =0 (15) pY aA+ PgW + (1 — Pg)X

OH  dx o Kata

o = = (1-b)f(Pp) (16) g — Pp(Up +W) — (1 - Pg)(IIp + X)

opP dPg +

Ki+a
OH _ dXp +(17b)F(HE7UE7W+X) (1)
8PA dPE (KA + (l)f

= [-Ca+ PpW + (1 - Pp)X —a(Pa — A) When we compare an implementation evaluation de-
+b[lIg — Pe(Ug + W) — (1 — Pg)(IIg + X)]|f(Pr) cision equation under symmetric information (20) with an
(17)  implementation evaluation decision equation under asym-
metric information (21) we find an increment, i.e.,

Based upon equation (16), we can calculgte:
llg — Pp(Ug + W) — (1 — Pg)(Ilp + X)

Ap=(b=1)F(Pg) (18) APs= Kita
A
Here,F(Pg) is the probability distribution function of pa- (1-b)F(II — Up — W + X)
rameterPy. We unite equations (15), (17) and (18), to get + Kata) (22)
the client’s quality evaluation level under asymmetric in- 4
formation (P} ): In order to further analyze the value of this increment
we first consider the vendor’s benefits and bordis; W

PY = P4(a,b, Py, f, F) and.X . From section 2 we can define the following factors:

(© 2012 NSP
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1. (II¢ —Ug), the vendor's inner loss cost, meaning a ven-lower the implementation cost, that is, the implementation
dor’s losses when he discovers his own mistakes during theeviation prevention cost. When clients make implemen-
implementation; tation quality level decisions, the overall implementation
2. and (Il — IIp) representing the vendor’s outer loss control cost triggered includes implementation deviation
cost, meaning the vendor’s losses when the client discoveontrol and implementation punishment costs. The mathe-
ers mistakes or deviations. matic equation is:

Now, suppose that the vendors’ inner loss punishmen
is at least eF()qFl)JaI to the inner loss codts, > ng— Ug, t= (1= Pa)PpW + (1 - P4)(1 - Pp)X +Ca (26)
and suppose that the vendors’ outer loss punishment is avhena = 0, insert equation (20) under symmetric infor-
least equal to the outer loss cosks,> IIg — IIg. Using  mation and equation (21) under asymmetric information

N as a constant greater or equallfave can establish: into equation (26). As a result we get:
w (N-1)2 (1-bF
G UE N ( ) CPX CPA QKANQ [ f (X W)
X
o~ Ip = 5 (24) —PgW — (1 — Pg)X]* 27)
Substituting equations (23), (24) into equation (22), gives Here,Cpv is the client’s implementation control cost
us the following result: under asymmetric informatiori’p, is the client’s imple-
A mentation control cost under symmetric information. Equa-
Py = tion (27) shows, the clients’ implementation controlling

N-1 (1-bF cost under asymmetric information is higher or equal to
X —W)—PgW — (1 - Pg)X Y or IS nig d
(Ka+ a)[ f ( ) L ( ) X] the result under symmetric information. IF = 1, then
(25) Cpy —Cp, =0.
Consequently, when the vendor’s inner loss punish-

From equation (25), we know: it > X, W — Z > 0, . ; .
and AP, < 0; then,PY < P4. That is, when vendors’ ment is egual to the inner loss cost and his outer Ig;s pun
ishment is equal to the outer loss cost, the clients’ imple-

inner loss punishment from the clients is greater than thementation control cost under asymmetric information is
outer loss punishment; the clients’ implementation devi- Y

ation control level under asymmetric information is less QLgor\];Sr ,{tﬁ:tn ngerf;gItrr?rrr]]((je(terri(:S‘%Tor?rﬁg{icohnfgmr]iitcl:?nél-Ir—r:]lljsst
than that under symmetric information. N = 1, and ' y ap P

AP, = 0 : then PX — P, : so, when vendors’ inner- pay the implementation control cost and should strive for

loss punishment from the clients is equal to the inner los&" implementation agreement in which the condition of

cost and his outer loss punishment is equal to the 0ute§ymmetrlc information is met as much as possible.
loss cost, clients’ implementation deviation control level
under asymmetric information is equal to the results unde
symmetric information.

If W < X, with X far greater the®’, suppose,
X —W =~ X, then:

r5. Simulation Calculations

In this section, an implementation level decision problem
of a client under asymmetric information with varying de-
N -1 1-b)F 1Pyl x viation control levels is presented. .
(Ka+a)N f (1-Pg)| X. Suppose that the client's achieved benefitlg =
5000 EUR if the vendor implements the system as agreed
Presume that an implementation deviation prevention pain the contract between vendor and client. Further pre-
rameterPy € [0.8;0.9] has a uniform distributiorf (Pg), sume that the client evaluated the implementation, and the
with 0.1 < 1-Pgr <0.2,and0 < b < 1,then0 < 0.1(1— vendor timely adopted implementation control measures.
b) <0.1,and0.1(1 — b) — (1 — Pg) <0, hence AP, = Under the assumption that the client has sg&0t EUR
F=L[0.1(1—b) — (1 — Pg)]X <0,s0P) < Pa;thatis, evaluating the implementation and detecting the deviation
when the vendors’ inner loss punishment from the clientsfrom the agreed quality level, the client’s benefit is now
is less than the outer loss punishment, even when his outdiz = 4000 EUR.
loss punishment far exceeds the inner loss punishment, the Next, consider that the client’s achieved benefit would
clients’ implementation evaluation level under asymmetricbe ITg = 3000 EUR (instead 05000 EUR) if the vendor
information will not be higher than the result under sym- has the possibility to deviate from the agreed implemen-
metric information. In sum, whether vendors’ inner loss tation quality level. The client punishes the vendor’s inner
punishment from a client is greater or smaller than thelossW = 2000 EUR; the outer loss punishment of the
outer loss punishment; the client’'s implementation qualityvendor isX = 4000 EUR. The client’s highest implemen-
level decisions under asymmetric information are all lowertation deviation prevention level id = 0.98. In addition,
than under symmetric information. That is because, under, = 0.1, b = 0.1. Consider:
asymmetric information, a client cannot observe the ven- The vendor's implementation evaluation cost function
dor’'s implementation activities, and he has to do his best taC's (Pg) to the implementation deviation prevention level

APy =

© 2012 NSP
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Pg ’s first and second degree derivatives are both greater
than O;

- The client’'s implementation prevention cost function
C4(P4) to the implementation evaluation levBl’s first

and second degree derivatives are both greater than O;

- And for the convenience of dealing, choose the vendor's
evaluation cost functiofV; (Pg) = 2 K P%, and the .
client’s implementation deviation prevention cost function P
Ca(Pa) = 3KaP3%, Ko = Kg = 4000.

Suppose a vendor’s implementation deviation preven-
tion coefficient,Pg € [0.8;0.9], and suppose it has a uni- Figure 2 Clients’ quality level under asymmetric information
form distribution f(PE) = 10 . Pg has the following  conditions.
value:

Py = Pg, +np = 0.840.005n,n = 1,2, ..., 20.

Given these calculations and assumptions, the decision . o .
results for the client are given in figure 5.1 and figure 5.2. | Under the condition of asymmetric information, ven-
In the figures, a full line represents decision results in thedrs hide their implementation information, which makes
case of symmetric information, whereas a dashed line rep'-t a t¥p|cal prmup_al-a_gent prot_)lem. In th|s_ setting, the
resents the results under a condition of asymmetric infor /€Nt target function is the subject of an optimum control
mation. Figure 5.1 shows that the implementation qualitypmbl‘f"‘m and t_he chents_ targets are: .(') to choose_ an ap-
level, P4 , under asymmetric information is lower than the pI’OE)I’Iate quality evalgatlon Ieyel gnd |mpleme.ntat|0n. op-
quality level under symmetric information, for varying lev- tion's payment, and (ii) to maximize t_hg'beneﬁt functlon.
els of Pg . Figure 5.2 denotes that the client’s implemen- The opt|m_|zed results show t_he_ feaS|b|I|_ty of using theo-
tation control cost under asymmetric information is higherr'e"s of options and asymmetric information to understand

than that under symmetric information, for different levels and solve ERP '_mp'emef“at'or! option decisions. L
of Pg . Itis thus clear that the condition of asymmetric The application of a simulation illustrates that the client’s

information benefits the vendor and makes the client pajequired. implementation quality level under asymme;ric
for the price of the implementation controlling cost. mform._atlon IS cle_a_rly lower t_han' that under symmetric in-
formation. In addition, the client’s implementation control

cost under asymmetric information is higher than that un-
der symmetric information.
As a result, it is important to research the nature of

Client’s implementation
conirolling cost (EUR)

i - hidden information and conduct further research in the de-

% gl LT velopment of effective clients’ strategies to optimize the

= e C level of symmetric information to avoid the risk of hidden

i ERP implementation costs.

:
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