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Balancing the Costs of Human Resources on an ERP Project

Malgorzata Plaza"
Institute for Innovation and Technology Management, Ryerson University, 350 Victoria Street,

Toronto, Canada

ABSTRACT

ERP projects cannot be completed without external consulting support due to insufficient
expertise of internal resources. The need for external consulting during project execution could be
reduced if the capabilities of internal resources are improved through team training that is provided
before the commencement of a project. Previous studies demonstrate that the most cost-effective
approach to ERP implementation is to balance formal initial team training with external consulting
support. This paper expands previous research by adding a decision model that allows a manager
to: (1) assess the impact of a training strategy on the accumulative weekly cash outflows, (2)
forecast the performance and track the progress of an ERP implementation, and (3) calculate the
amount and experience level of the consulting support required to reduce the duration of a project.
Feedback from practitioners suggests that this type of tool would be welcomed by the project

management community.
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1. Introduction

ERP implementations are complex IT projects which usually take between six months and
two years to complete [1]. Before the year 2000, almost all ERP projects involved the
implementation of a new system. During the last decade, a second category of ERP projects
emerged, in which the previously installed systems were expanded or upgraded [2]. Some
companies have pursued the development of their own in-house ERP solutions but on the majority
of projects the packaged system from a software vendor is configured [3]. ERP consultants with
specific industry knowledge assist the team of internal resources with the system configuration. If
a system must be customized, contractors specializing in system development are also hired.

Formal team training in a classroom setting can be provided to the project team before the
implementation. This training improves the capabilities of the internal resources and leads to the
reduction of consultant involvement and costs [4-6]. During the implementation, the consultants
transfer knowledge to the internal resources through on-the-job training. When the implementation
is complete, the consultants can also be involved in training end users. This training is limited to
the transactions processed by the respective business functions but does not explain the
configuration of a system [7-9].

During an ERP project, external resources learn company processes and internal resources
learn the new system so the capabilities and performance of both groups improve [10, 11]. Due to
the lack of decision models that consider the correlation between performance changes and project
parameters [12] it is difficult to accurately predict the degree to which external help is necessary
[13]. In order to avoid the negative impact of uncertainty [14] managers tend to hire too many
resources [15]. As a result, the cost of consultants on an ERP project often adds up to eight times

the cost of a software alone [16]. To that end, the significant savings will be achieved if an impact



of training and performance changes on project parameters is analyzed during planning of ERP
projects.

This paper discusses the impact of changes in a team’s aggregated performance on the costs
and duration of a project, which is multi-disciplined, requires an extended integration period, and
is most effective when executed in a stable environment [17]. Note that system development
projects wherein the contractors are paid based on output are not covered by this research. In
Section 2, we argue that reductions in consulting support, the most expensive component of project
costs, can be achieved if the project team is given more formal training. A decision model that can
be used to support that argument is developed in Section 3.

In Section 4, we analyze two ERP projects implemented by Canadian and European
companies. In Section 4.3 we address the following three research questions: (1) How much
formal training should be provided before the commencement of a project in order to implement
the system in a cost effective way? (2) How does training impact the schedule, output and baseline
performance of a project? (3) What is the impact of consultants’ experience and rate on project
timelines and cost? Managerial insights are offered in Section 5. The limitations of our research

are discussed in the concluding section.

2. Literature review

2.1. Consulting support versus team training

Although ERP software packages are used by thousands of companies world-wide, only one-sixth
of all ERP implementation projects are completed on time and within budget [5]. Only 30% of all
ERP projects are considered successful [18] and many of the projects have failed to deliver

expected benefits [19]. ERP projects consume a large portion of company resources [4], thus it is



not surprising that many researchers have devoted their attention to the critical factors that lead to
a successful implementation [3, 17, 20-22].

Project teams with high capabilities and experienced consultants are the primary contributing
factors leading to successful implementations [5, 23], while inadequate training is associated with
failure [24] and also has a negative impact on project duration [25]. A balanced project team is
instrumental to any project [21, 26, 27] and must be assembled from the most knowledgeable
employees in order to accomplish the required transformation [4]. However, an ERP project can
rarely be completed by company personnel alone and requires consulting support [28, 29]. The
number of consultants employed may be anywhere from four to 40, and in extreme cases, as many
as 150 consultants can be involved [20].

Research shows that consulting fees are a significant part of project costs and together with the
salaries of internal resources may add up to over 70% of all ERP costs [1, 28]. The extent of
consultant involvement is different among each of the two project categories [30, 31]. For
example, new system implementation projects are usually supported by a much larger number of
consultants than system upgrades [28, 32], thus management must always carefully assess the use
of external help and explore the ways in which its extent can be reduced to the absolute minimum
[1, 28].

In order to limit consulting costs, companies turn their attention to various forms of training
that can improve project team capabilities and internal readiness [7, 33]. For example,
organizations have an 80% chance of success if at least 15% of the total implementation budget is
reserved for formal training [34] and if knowledge transfer occurs during project execution [35,

36]. Firms that successfully assimilated a new system had invested approximately 15-20% of the



project budget into formal team training, while those that were less successful had spent only 10%
or less [37, 38].

Formal training can take the form of standard courses available at training locations or
customized training delivered at the company’s site. The first form is cost effective only if a
limited number of personnel are to be trained, since five-day course fees alone can be as high
$4,000 per student. Even if all the expenses are not included and the wages of internal resources
are not accounted for, the costs of training delivered in remote centers can add up very quickly. On
the other hand, five-day fees of one consultant delivering training on site often costs between
$8,000 and $10,000. Therefore, if more than three students are to be trained, companies prefer to
arrange for in-house customized training by consultants instead [39].

2.2. Impact of training on project and team’s performance.

Although it is relatively easy to justify the location of training, it is much more difficult to
assess its impact on the team’s performance during the execution of a project [38, 40]. For
technology projects, a logistic function is recommended to track the non-linear changes in
performance due to experiential learning, which takes place during formal and on-the-job training
[41-45]. The logistic function accurately measures improvements in performance as a rate, in
which a predefined output is completed [46-50]. In the case of an ERP project, the output can be
defined as the number of ERP transactions processed in a unit of time [2]. Performance
improvements are related to the performance ceiling through a learning curve coefficient, k [51].

Several models that measure performance are discussed in the literature [52-54]. Stummer et al.
propose a competency model, in which each employee receives a profile consisting of competence
efficiencies indexed using a catalogue [47]. Gutjahr suggests that the competency scores should be

estimated by experts [48]. Coefficient k can be indirectly derived by retrofitting a learning curve



to a plot of the schedule performance index [55]. Learning curve coefficient can also be measured
directly using an algorithm, in which the time required to complete a set of transactions is
measured at the beginning and at the end of the formal training [56], or the time required to
complete the data conversion procedure is measured at various times during the early stages of a
project [52]. The algorithms for the direct assessment of k can effectively measure the impact of
either formal or on-the-job training.

The value of k was examined by the extant research on various project settings [53, 57-59]. For
example, in the experimental study of one-month projects executed by multi-skilled resources, the
individual learning curves were established for internal resources assuming that a cross-skill or
team-learning effect can be neglected and the efficiency of external resources is static. Since the
employees were allowed to switch between different tasks, knowledge depreciation was expected
and relatively low values of k (between 0.012 and 0.02) were used [57]. Since a team-learning
effect in an ERP project is strong, a composite learning curve is required to assess the aggregated
team’s performance changes. However, knowledge depreciation can be neglected due to the lack
of significant interruptions [32, 60, 61]. The external resources need to learn the company
processes, so a static performance of consultants cannot be assumed [2]. As a result, relatively
high values of k were recorded (between 0.6 and 0.9) [2, 56].

The performance function is critical during the development of a training strategy [4, 9, 17, 18,
62], which balances the cost of training with the costs of consulting support and allows sufficient
time for formal training while avoiding unnecessary implementation delays [56, 63]. The various
forms of training must be considered when such a strategy is evaluated. However, due to the lack

of analytical tools, the evaluation of a training strategy is extremely time consuming and currently



impractical [56]. As a result, training is frequently underestimated and training budgets are often
set too low [33, 39].

The Consulting Costs Model (CCM) which links training duration to implementation duration
partially closes that gap [56]. CCM focuses on minimizing the cost of external resources and is
best suited for cases where the cost of internal resources can be ignored. The model has four
important limitations: (1) the impact of a training strategy on cash outflows cannot be evaluated,
(2) the project baseline cannot be forecasted, (3) the number and level of resources required to
reduce the project duration (compress the schedule) cannot be calculated, and (4) the application of
the model in project management is limited due to unwieldy calculations required to balance
training and consulting costs.

The analytical model developed in this paper (RCM) addresses the first, second, and third
limitations of CCM. RCM consists of Resource Cost Formulas, a Baseline Equation and a
Resource Requirement Equation. Resource Cost Formulas include all relevant costs of both
internal resources and external consulting involved in an ERP implementation, such as: labor costs,
travel costs and living expenses. In contrast to the previous model, the formulas can assess the
impact of a training strategy on accumulative cash outflows and on the overall costs of a project.
The Baseline Equation allows for the forecasting of an output in the form of the value to be
delivered on a project over time. The forecasts are expressed in the same units as cash outflows to
provide support for project control. The number and experience level of consultants required to
deliver the project on a compressed schedule can be calculated using a Resource Requirement
Equation.

The complex calculations required to evaluate and select a training strategy were the fourth

limitation of a previous model. This paper offers not only a more robust decision support model



but also a Decision Support System (DSS), which simplifies the calculations required during the
strategy assessment process. It automates the calculation of project duration and supports the full

analysis of all human-resource costs associated with an ERP implementation.

3.  Development of a decision support model.

3.1. Research methodology

Decision support systems (DSS) are software applications, which were designed to increase
performance and improve the quality of decisions [64]. In this paper we present a model-driven
DSS [65], which supports the development of a cost effective resource deployment strategy. The
system is based on a conceptual model (RCM) developed from the application of learning curve
theory [54, 66-68] to the management of ERP projects [3, 17, 69-71]. We follow a design science
research methodology [72], which is based on the following design artifacts: constructs, models,
instantiations, and methods [73]. The constructs, which are the foundation of RCM, include:

¢ A performance function is adopted from the learning curves research [43] and is discussed
in section 3.2.1. The value of the learning curve coefficient (k = 0.6 — 0.9) is adopted from
previous studies [2].

¢ Functional correlation between the duration of training and the duration of a project is
adopted from the CCM [56] and is outlined in Section 3.2.2.

¢ The parameters of ERP implementation, such as: the duration of a project and formal
training, as well as the amount and cost of project resources, are adopted from the literature
on project management [74] and ERP implementation [3]. The parameters are explained in

Section 3.2.3, in which a Resource Cost Formula is developed.



¢ The planned value (PV) equation, which is used by a standard project management
methodology [59, 75, 76], is discussed in Section 3.2.4 where a Baseline Equation is
produced.

¢ The correlation between the project duration and the number of resources [56], which is a

starting point for the development of a Resource Requirements Equation, is outlined in
Section 3.2.5.

The instantiation (i.e. the DSS developed in Section 3.3) provides key information, including
team composition, experience level, project schedule, completion time and cash requirements [74,
77]. The artifacts were evaluated based on the combination of a case study and functional (Black
Box) testing [72, 78]. RCM is an extension of CCM, so we followed the same method as used in
the original study [56]:

e Step 1 — Gather the relevant data about the primary and alternative strategies. This step
includes determination of the basic model parameters and parameter ranges.

e Step 2 — Calculate the output for the primary and alternative strategies. This step includes
the assessment and comparison of strategies, including comparing the results of this
research to those obtained in the original model.

e Step 3 — Conduct sensitivity analysis.

DSS was evaluated in an informal pilot study, during which three project managers were
asked to comment on its utilitarian value using the following criteria [72, 79]:

(1) Functionality: translated as the ability to forecast project parameters under the condition

of significant performance changes due to learning effects,

(ii) Completeness: translated as the ability to answer all questions regarding project

performance under the condition of uncertainty, like forecasting project duration and



cost for various possible scenarios, including the variation in input parameters,
assessment errors, etc.,

(i11))  Ease of use: the speed at which the user can learn the system and how easy it is it to
configure, deploy, and control its application,

(iv)  Performance: the speed or capacity of the system when performing its function, and the
accuracy and consistency of its output, and

(v) Fit with the organization: integration with commonly used project management

tools and techniques.

3.2.Resource Cost Model

3.2.1.Performance Function.

The logistics function (L-curve) is recommended as a performance function, P(z), for both
categories of ERP implementations discussed in this paper [2]. It can be depicted by Eq. (1) if the
maximum possible performance of a fully trained team P,,, =1 and the changes of team’s
abilities over time are represented by the learning curve coefficient, k (Figure 1).

P()y=1-¢"

(D

FIGURE 1 HERE

Research offers several methods, which can be used to measure &. [52, 55, 56]. For example,

let’s assume that N7 is the number of transactions which can be completed in one hour. If NT was

chosen as a measure of the team’s ability to complete project tasks and the measurement was
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conducted at time ¢* from the start of a project, then the performance at that time was P(t*)=NT
1 1

and k=——In(1-NT)[56] .
t

3.2.2. Assumptions and formulas adopted from CCM.

The planning phase of an ERP project involves the mapping of business processes and
uncovers the gaps against the proposed systems. During that crucial phase, management uses
project control tools to establish the network of activities, to calculate the duration of activities,
and to establish a critical path. After the network of activities is established, RCM can be used to
calculate or adjust those durations and confirm/change a critical path. To that end, RCM can be
either used on its own to plan/control a project or it can augment the currently available project
management tools.

The model is developed under the following assumptions:

1. The resources are selected during planning and paid based on input. The model is based on a
consolidated (team level) performance function, which does not change during the execution of the
project [2, 56]. The other measures, such as the level of experience and the hourly rates are
aggregated for the sub-teams from both internal and external resources. The turnover rate is low
and it can be neglected. Interruptions to the project schedule are avoided and the parameters
established during the planning period remain stable throughout execution [3].

2. The sequence of project stages is executed by the same core team, so the knowledge and
experience required at any given phase depends on the knowledge accumulated during the
previous steps. The impact of forgetting is not significant, so the parameters representing the

deterioration of knowledge can be dropped from the progress curve [32].

! Note that the time units used to measure performance and project timeline can be and often are different.
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3. For the implementation of a new system, the initial level of experience is low when compared to
a performance ceiling and can be neglected. The implementation begins after the formal training is
completed. For a system upgrade or expansion, formal training is not required and the initial level
of experience is high when compared to a performance ceiling [2].
4. The gaps in a project timeline, such as the interruptions caused by technical problems, are not
included in the analysis as they do not contribute to learning effects. If such gaps occur during
project execution, they must be added to the project duration calculated from the RCM.

The above assumptions are similar to the CCM [56], from which we adopted the following
concepts and equations:

1. The amount of project work is constrained. 7 (planned duration) is the time required for fully
trained resources to execute the project if they perform at 100% of their capability at all times.
T, 1s deflated due to low performance during the early stages of a project. It must be extended
by AT, =T, —T,, whereT, is an actual duration.

2. The extension of the planned duration, AT, , depends on 7, (formal training duration), which

is depicted in Eq. (2).

1 1 — g FTa+AT)
T =—In(—— 2
T ( kAT, ) (2)

Initial performance, Py , after formal training can be found using Eq. (1):
P(T,)=P,=1-¢*"" (1a)

The duration of formal training required to reach Py can be calculated from Eq. (1a) as:

n:—%ma—g) (2a)
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3.2.3. Resource Cost Formula.

The cost function, C = C(T},T;), is the starting point for the development of a model. It
represents the sum of all costs associated with training and consulting decisions. In CCM, the cost
function (Eq. (3)) is the sum of critical consulting costs incurred over one week (five working

days). The cost function is depicted as the sum of the products of: the numbers of instructors (N,
), consultants ( N ),consulting managers (N, ), and their daily rates (R,, R, and R,

respectively).

C=C(T,.T,)=5{R,N,T, +(R:N + Ry Ny, )T, } 3)
In CCM, the costs of internal resources are not included, the costs such as travel or living expenses
are not explicitly represented and the model does not support forecasting of weekly cash outflows.
In contrast to CCM, the cost function in RCM (Eq. (4)) is the sum of all relevant costs and
expenses of the internal and external team members participating in training and implementation.

C=CT,,T)=
=[N,(5R, +E,)+ N;(5R; + E{)IT, + €))
+[N.SR.+E.)+ N, (SR, +E.)+ N;(OR, + E{)IT, }

where E;, Ec and Eg represent travel costs and expenses per week for instructors, consultants, and
internal resources respectively; Nis the number of internal resources involved in the project, and
R, is their average daily cost.

Any indirect costs, such as the cost of a workspace occupied by the project team, are below the
model’s materiality threshold and therefore are not included. Indirect costs are typically distributed

as overhead costs at the end of a period. Training does not have any impact on the costs of

hardware and software, so those costs are also excluded from the model. Similar to the CCM, T,
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T,, and T, are estimated in weeks. When T’ is substituted from Eq. (2), Eq. (4) can be
transformed into a Resource Costs Formula (Eq. (5)), from which the total cost of all resources
participating in training and implementation can be calculated.

C(T,+AT),) =

1 _—k(Ty+AT))

1
=[N,(5R, +E,)+ N,(5R; +ES)];ln(T)+ (5)
+[N.SR.+E.)+ N, (SR, +E.)+ N (SR, + E )T, +AT,)

For the implementation of a new system, a manager can use the graph of Eq. (5) to find the

optimum extension of the planned duration AT, ,, that minimizes the total cost of all resources (

opt °
min {C(T, + AT,)}). The corresponding duration of training, which allows completion of the

—k(Ty+ATy,,,)
1 1— e 0 Topt

project within (7}, + AT,,,, ) can be calculated from Eq. (2) as follows: T}, , = ;ln(T) .

Iopt
The manager can use Eq. (6), which is a modified form of the Resource Cost Formula, to

forecast the accumulative weekly cash outflows.

C(T,+AT,)=[N.(5R. +E.)+ N, (SR, +E.)+ N;(5R; + E{)]t (6)

For the implementation of a new system, ¢ € [T, (T, + AT, )], the cash flow during training can be

assessed as: C(T;)=[N,(5R, + E,)+ N,(5R + E)]t, and the duration of formal training

required to complete the project within the timeframe (7, + AT, ) can be calculated as:

1 1 — ¢ KT+aT)
T.=—In(——" 7
T ( kAT, ) (7

For a system upgrade or expansion, ¢ € [0,(7,, + AT, )] and when Eq. (2a) is substituted into Eq.
(7), the initial performance which allows the project to be completed within (7}, + AT, ) can be

assessed as:
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kAT,

1 _ e—k(T0+AT,)

Fy=1- (7a)

3.2.4. Baseline Equation

The project baseline is a critical element in every project management system. Established
during planning, the baseline is used to control a project. The standard systems, such as Earned
Value Method (EVM) [59, 75, 80], do not accurately establish the baseline for ERP
implementations [§1]. CCM does not support the baseline calculation at all, which also limits its
merit in project management. RCM addresses both limitations and offers a Baseline Equation that
takes into account changes in performance due to learning and improves the effectiveness of
project control.

The baseline for a project can be defined as a “planned value”, PV, which is the projection of
an output generated by a project. PV represents the costs budgeted for the work, which should be

completed at certain given points in time [82]. Assuming thatt € [0,7,], the standard control

system would project the costs budgeted for ERP implementation as:

PV =[N.5R.+E.)+Ng, SR, +E.)+ N;(SR, + E)]*t ®)

Since Eq. (8) does not consider the duration and the costs of training, it would have been more
accurate to project PV from a Resource Cost Formula (Eq. (6)). Unfortunately, Eqs (6) and (8)
are based on the assumption that the weekly output generated by a project should be the same as
the weekly cash requirements, which is only valid for projects not impacted by learning. During an
ERP implementation, the output delivered in the early stages of a project is significantly lower
than the cash outflow due to reduced performance. To that end, although Egs (6) and (8) can be
used to project cash outflows and plan weekly cash requirements, the equations cannot accurately

project the output of projects such as ERP implementations.
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In order to account for the reduced performance in a project baseline, the performance function

must be incorporated into the planned value projection, as depicted in Eq. (9):
Tr+t
PV, (cat)=PV* [(1-e™")dt )
Tr
where PV, (cat) is the forecast of the work, which will actually be completed during time ¢.

PV, (cat) is expressed in budgeted costs , cat =T, for a new system implementation and cat = F,

for an expansion of the existing system. After integration, Eq. (9) can be transformed into Eq. (10),

which is the Baseline Equation for a new system implementation.
PV, (T,)= PV *[1 +kie—”f (e -1)] (10)
1
When Eq. (7a) is substituted into Eq. (10) we get:

PV,(P) =PV *[1+ l_k—tpo(e—k’ -1 (10a)

Eq. (10a) is the Baseline Equation for a system upgrade or expansion, for which training is not
required.

Let’s define a performance corrective coefficient [83], as CPV (t,cat) , where:

1-P
CPV(t,T,)=1+ kie‘kTT (e —1) and CPV(t,P) =1+ k—o(e_k’ —1) . When those are substituted
1 t

into Eqgs (10) and (10a), both equations can be transformed into the simpler format:
PV, (cat) = PV *CPV(t,cat) (11)
where te€ [T, ,T,] or te[0,T, ] for the new system implementation and upgrade/expansion
correspondingly, and PV can be substituted from Eq. (8).

3.2.5. Resource Requirements Equation

16



One of the key limitations of the CCM is that the model does not calculate the amount or
experience level of resources required to reduce the duration of an ERP project. The
approximate assessment is made from Eq. (12), which requires that the product of the project
duration and the total number of resources is held constant.

T,*(N.+ Ny) = const (12)

In order to reduce the duration of a project by the duration compression ratio 77 , the project

manager will have to increase the output generated by a project. The most obvious choice

) ) 1
would be to increase the total number of resources by the resource index, RI = E . For

example, if an ERP implementation requires (N, + N, ) = (1+2) =3 resources in order to be

completed in 12 weeks, and a project manager wants to reduce its duration to six weeks (

TT =0.5), he/she will have to increase the total number of resources by approximately

RI = % =2, from three to six resources.

Eq. (12) is based on the same assumption as the project baseline, that the output generated
on the project is equal to the projected cash requirements. As a result, the assessment is crude
and does not take learning effects or experience into account. The Resource Requirements
Equation developed in this section addresses those limitations. It uses a Baseline Equation (Eq.
(11)) to project the costs budgeted for the work which will actually be completed (PV).
Assuming that El¢ is an experience index and represents the aggregated consultants’
experience level, and Rl and Rl represent the resource indexes of consulting and internal
resources respectively, the project manager can increase the output generated by the project
and therefore reduce its duration (77/</) by increasing the number of resources (RI->1 and/or

RIg>1) and/or using the more experienced consulting resources (Elc->1). Since planned value

17



(PV), calculated from Eq. (8), is the projection of costs budgeted for the work that must be
completed, the goal is to equate the projection of work to actually be completed in the reduced-
duration project with PV:

PV, (T,*TI,R. *RI . *EI_.,RI *R,,cat)= PV(T,,R.,Ry) (13)

After substituting Eqs (8) and (11) into Eq. (13), it can be transformed into:

[N RI.*EI.(5R. + E.)+ Ngy, (5Rey, + E.)+ N RI (SR, + E))*T, *TI * CPV (T, cat) =

(14)
=[N.(SR.+E.)+ N, SRy, +E)+N SRy + EG)]*T,

Eq. (14) can be rearranged to give:

RI.*El. =

_ Ne(5R.+E.)+N, (5Rpy +E)+ Ny (5Rs + Eg)~[Ngy, SRy, +Ee)+ NgRI (SR + E)ITT*CPV(T, , caf)
N.(5R. +E.)TI*CPV(Ty,cat)

(15)
The Resource Requirements Equation (Eq. (15)) is a more accurate counterpart to Eq. (12). It
allows a manager to find the required number of consulting resources that must be added to a
project in order to shorten its duration. Its practical application is illustrated in Section 4.3.3.
Assuming that CI represents an increase in the consulting rate, which covers an increase in the
experience level Elc, the additional cost required to cover a reduction in project duration can be
calculated from the Resource Cost Formula (Eq. (16)), which completes the RCM model.

CT,*TI)-C(T,) =
=[N.RI.(5R.*CI+E.)+ N, (SR, +E.)+ N RI (5R; + E)]*T,TI + (16)
—[N.(OSR.+E.)+N_, (SR, +E.)+N,(SRg + E{)]*T,

The manual calculations required during the analysis of costs are extremely time-consuming.
The cost must be derived for the various ranges of possible extensions to the planned duration and

not just for AT, . The calculations have to be repeated for the various implementation scenarios,
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and therefore for different planned durations, numbers of consultants, numbers of internal team
members, and daily rates.

In order to streamline the required analysis, we developed a user-friendly Decision Support
System (DSS), in which the required information is presented in a wide selection of graphical and
tabular reports.

3.3. DSS

The objective of a DSS is to present decision-makers with necessary information for a variety of
recurring situations [1, 84] and to allow for the modeling of different perspectives of a complex
phenomenon [85]. Donzelli reported that although decision support systems have extensively been
used in areas such as accounting, finance, marketing, and new product development, their use in
project management has been relatively recent [86]. The study from 2008 also observed the
scarcity of DSS tools for project management and recommended an approach that will help
software developers in various phases of a project, such as staffing and scheduling [87].
Ghasemzadeh and Archer highlight the need for decision support specifically for project control
[88]. The prototype of a DSS discussed here is a Microsoft Windows application developed using
Visual Basic, Access, and Excel. The prototype’s functional architecture comprises of three
modules: Strategy Definition, Strategy Analysis, and Reporting (Figure 2).
FIGURE 2 HERE

The Strategy Definition module is a primary user interface. It allows the user to select or
modify the existing strategy or define a new strategy. It contains the following mandatory fields:

® Scenario Description (Strategy Code, T, and k) and

e Costing Info(N,,N.,N,,Ns,R,,R-..R., Ry, E, ,E.and E;).
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AT
The user has to either (1) modify the range for DT, = —X, which is predefined as [0; 10%] of T},
T

0

(the corresponding range for AT, will be calculated as AT, = DT, *T})), or (2) define the upper

range for AT, , from which the range for DT, will be calculated.

The Strategy Analysis module provides data entry and preference screens including:

e Report type (Strategy Assessment is the default),

¢ The format for the required output (Tabular is the default), and

¢ The level of analysis (Total Cost is the default).

The output can represent either:

1. Total Resource Cost, where Eqgs (5) and (2) are used to depict the relationship between the
various project extensions, AT, , along with resource costs and the duration of training,

2. Accumulative weekly cash outflows calculated from Eq. (6),

3. Baseline Graphs calculated from Eqs (8) and (11), or

4. Resource Adjustments Graphs calculated from Eqs (15) and (16).

The Reporting module can either provide the required output in tabular format or arrange the
dataset to be imported into Excel for further processing. The following reports are available:
Strategy Assessment (in tabular format only), Baseline Forecasting (in graphical format only),
Strategy Comparison, and Sensitivity Analysis. Strategy Comparison facilitates the comparison of
up to three different candidate strategies with the currently defined strategy. The impact of k on
cost variation is calculated in Sensitivity Analysis, in which the user has to specify the range fork

(£10%is the default).
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4, Case 1illustration

4.1. Introduction

The practical aspects of DSS will be illustrated using two ERP projects completed by
manufacturing companies operating under the make-to-stock production strategy. We will refer to
them as Case Organization A (COA) and Case Organization B (COB). The management of both
companies was willing to invest in training, but due to resource limitations, a large number of
internal staff could not be shifted to the project in either of the organizations, thus the management
had to look for alternative training and knowledge-transfer strategies. The main motivation for the
ERP system was to replace legacy applications, which could not support the dynamic expansion of
both organizations. COA and COB believed that their core business processes were unique and
that the system would have to be adjusted down the road. Indeed, the expansion projects were
undertaken four and five years later in COA and COB, respectively. Exposure to technology, the
approach to the ERP system, the composition of an implementation team, and the ERP experience
were similar among the two companies when the decision to improve the systems was made. To
that end, COA and COB had similar learning curves. Thus the learning curve coefficient for the
system implementation was assessed as 0.6. For system expansion, 60% was assumed to be the
initial level of experience and 0.9 was the chosen learning curve coefficient.

Users understood the importance of the ERP projects, accepted the system without major
resistance, and both companies reported their successful completion. The CEOs in both companies
were actively involved in the projects and they wanted to implement the systems as quickly as

possible. The exploration of fast track options was equally important for both companies.
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We will use the new system implementation at COA, which was also examined by previous
research, to compare and contrast CCM and RCM and to discuss the first research question. All
three research questions will be examined using the project executed at COB in 2010. ERP
expansion at COB is a good example of a focused follow-up project, which must be executed by
many companies in order to properly manage and fully utilize the information collected by their

ERP backbone systems.

4.2. Background

4.2.1. Case Organization A (COA) [56]

COA is a Canadian food manufacturer, which at the time of ERP implementation had 750
employees and approximately CD$100 million in total sales. The company implemented four
packages of the BAAN ERP system. Project A1 was planned as a standard ERP implementation,
whose main objective was to improve financial reporting and prevent Y2K issues. Project A2 was
executed four years later and its objective was to expand and optimize the functionality of the
previously installed system. The Project A1 team consisted of eight internal resources, four
consultants, and a part-time consulting manager assigned to the project. The planned duration for
the Primary Strategy 2:1% was assessed as 56 [weeks], which placed the forecasted completion of
the project only a few months prior to January 2000. The Steering Committee fully understood that
ERP projects were often delivered with significant delays, so the risk of not being able to make the
required transition before January 2000 was also significant. Therefore, the committee agreed to

consider the three rapid implementation strategies (Optional Strategies 1:1, 2:1, and 3:1)° under

2 2:1 represents the ratio of internal resources to consultants (external resources).
3 It has been determined from Eq. (12) that in order to reduce the duration to 14 weeks, the total number of resources

for the rapid implementation strategies would have to be increased from 12 to 48: Ty * (N + N ) = const =>

S56weeks * (4 + 8)resources = 14weeks * 48resources . The company decided to split the total resource
requirements using the following three ratios of internal to external resources: 1:1, 2:1 and 3:1.
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the condition that they would not take longer than 14 weeks. The condition was imposed to limit
the impact of transferring the high number of internal resources required to support such an
aggressive schedule from their current duties. The company used the same eight internal resources
on Project A2.

4.2.2.Case Organization B (COB) [89]

COB is a European company, located in the Czech Republic. It was established in 1992 and
has grown to a modern company with 200 employees, taking a leadership position in their field.
COB produces and distributes agricultural machinery. The two separate DOS-based legacy
systems for accounting and production control could not support such a rapidly growing business.
In January 2005, the company implemented ALTEC Aplikace, an ERP system developed by a
European vendor. During the ERP implementation (Project B1), Finance, Commerce, Logistics,
Production Control, Asset Management, HR, MRP, and Production Planning were implemented at
once. Five years later, the decision was made to expand the system and implement Business
Intelligence (BI). The BI Project (Project B2) was executed by six internal resources. The planned
duration for the Primary Strategy 1:0 was assessed as 36 [weeks]. We will consider two
Optional Strategies (2:1, 3:1), where duration would have been reduced to 24 [weeks] if three
consultants were involved or reduced to 27 [weeks] if only two consultants were hired.

4.2.3.Summary of the case data

The projects’ details are presented in the first part (first six rows) of Table 1. The results
presented for Project Al in the second and third parts of Table 1 were derived from the RCM
(Strategy Assessment report) and CCM (Table 3 in [56]) respectively. The results for Project B2
were derived from the RCM.

TABLE 1 HERE
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The selected projects provide enough detail for the full analysis of all human-resource costs
associated with ERP implementations, and represent typical settings for the two project categories
discussed in this paper. The impact of a learning curve on Project A1 was expected to be distinct
but not as strong as for the more aggressively scheduled and staffed Project B2. Therefore, the
benefits of improving the forecast accuracy as demonstrated for Project Al are conservative when
compared to the more aggressive timeframes required by Project B2.

The next section discusses the analysis of both projects, which is supported by the DSS
developed in this paper. The four strategies for Project Al are assessed and the first research
question is addressed using reports based on the Resource Cost Formula in Section 4.3.1. The
assessment leads to elimination of the least cost effective option. The second research question is
answered in Section 4.3.2, in which the Baseline Equation is used to evaluate the cash outflows
and project output for Project 2. In Section 4.3.3, the third question is discussed and the Resource
Requirements Equation is used to calculate the number of consulting resources for Optional
Strategy 2:1 on Project B2. In Section 4.3, the potential contingencies for Optional Strategy 2:1

on Project B2 are assessed using Sensitivity Analysis.

4.3. Analysis of the case

4.3.1. Assessing the Cost Effectiveness of Strategies

The cost-effectiveness of the Optional and the Primary Strategies can be analyzed from the
Strategy Comparison graphs. The graphs depicted in Figure 3a were generated for Project Al from
the RCM. In Figure 3b, similar graphs were generated assuming only the costs considered by a
previous model (CCM). Note that the results in Figure 3b are the same as those presented in the
original source (Table 3 [56]). The graphs in Figure 3¢ were generated from the RCM for Project

B2.
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FIGURES 3a, 3b, 3c HERE

The duration of the training required for the completion of both projects within the total
duration, 7, =T, + AT, can be determined from Figure 4.
FIGURE 4 HERE

The results lead to the following conclusions:
The combination of on-the-job and some formal training is the most cost-effective approach to an
ERP project. For example, in the case of the Optional Strategy 1:1 the minimum resource cost is
achieved if two weeks of training are provided (Figure 4a). Extreme strategies (none or extensive
formal training) prove to be more expensive than a balanced approach. It is interesting to note that
if a project manager can sufficiently extend the project, formal training is not required at all, but
that option is more expensive than a combination of formal and on-the-job training. For example,
if on the Primary Strategy of Project Al no formal training is provided (77 = 0), the project
duration needs to be extended by AT, = 1.6 weeks and the project cost is greater than for the
optimal training duration 77 = 0.9 week (Figures 3a, 4a). On the other hand, the duration of the
project does not need to be extended if approximately four weeks of formal training is provided,

but that option is again more expensive than for the optimal training duration.

(i1) The resource ratio has an impact on project costs and the duration of formal training, which yields

the minimum project costs. For example, Optional Strategy 1:1 is the most expensive of all rapid
alternatives, while Optional Strategy 3:1, which requires that a large number of internal resources
are shifted to the project, is the least expensive. The minimum cost of Optional Strategy 1:1 is
achieved when two weeks of formal training are given, while Optional Strategy 3:1 requires less

than one week of formal training to complete the project at the lowest cost.
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(ii1))  The cost of internal resources has a significant impact on the total costs of a project so the
analysis based on a simplified view of costs can project distorted results. Although the duration of
formal training has a very similar effect on the project extension when only consulting costs are
considered, it has a much stronger impact on the project costs when all costs are included (trends
in Figure 3a are steeper than in Figure 3b). For example, in Project Al: Optional Strategy 2:1
seems to be less expensive than the Primary Strategy 1:1 when only consulting costs are used for
analysis but when all costs are considered it turns out to be more expensive.

(iv)If the cost of internal resources is not considered, then the balanced combination of “formal/on-
the-job training” is skewed toward the longer formal training durations. The effect is more
obvious in rapid implementation projects, where a significant number of internal resources are
involved. For example, a one week extension of the project duration (7% increase), which requires
less than a week of training, reduces the total costs of Optional Strategy 2:1 for Project Al from
$3,500,000 to $3,220,000 (8% less). If the costs of internal resources are excluded, then a longer

training period seems to be more cost effective (Figure 3b).
4.3.2. Evaluation of Cash Outflows (PV) and Project Output (PV,)

The cost of a rapid-implementation is often higher than the cost of a primary strategy.
Additionally, the cost is also distributed across a shorter implementation timeframe. In order to
avoid cash flow problems, a manager must answer a second research question and review a
Strategy Comparison report, in which the accumulative weekly cash outflows (Resource Cost
Formula) is plotted against the baseline performance (Baseline Equation). In Figure 5, the Strategy
Comparison report was generated for Project B2.

FIGURE 5HERE
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The accumulative costs are depicted by dotted lines while the accumulative weekly output,
which will be delivered by an “on schedule” project, is depicted by the continuous lines. The
reduction in productivity caused by learning effects is represented by the gap between the
accumulative cost (PV) and output (PV;) graphs. That gap would be interpreted by any standard

project management system as a delay in the project schedule. In Figure 6, the gap is calculated as

PV _ PV —kT; —kt __

P—VL =1-CPV(t) = %D and is plotted as a function of time elapsed on the project.
1

FIGURE 6 HERE

The gap is the largest during the initial stages of a project. If a manager does not understand
what causes that gap, then he/she will try to compensate for the reduced productivity assuming that
the project is behind schedule. For example, the manager might add more resources to a project,
which in turn would increase costs.

4.3.3. Adjusting Consulting Resources

The number of consultants can be calculated from the resource ratio, which is established using the
Resource Cost Formula and the Baseline Equation. However, in order to properly assess the cost
effectiveness of various levels of consulting resources and answer the third research question, the
graphs based on the Resource Requirements Equation must also be generated since the graphs
allow a manager to adjust the number and experience level of consulting resources.

For example, the rapid implementation of Project B2 (Optional Strategy 2:1) reduces the
duration from 36 to 24 weeks (71 =0.67). Project B2 must be completed by six internal resources

(RI¢ =6), so three external resources must be hired to achieve the 2:1 ratio. The analysis

demonstrated that Optional Strategy 2:1 could be accomplished in 24.5 weeks (AT, = 0.5if Py=

60% - Figure 4b) and would cost $918,000 (Tablel).
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In order to revisit the feasibility of Optional Strategy 2:1 let’s assume that the company will
hire the consultants at an aggregated experience level ( EI. =1). When all the parameters are
substituted into Eq. (15), we get RI . =1.03, so the number of consulting resources should be
N.RI. =3%1.03=3.09 instead of the three consultants calculated from Eq. (12). The slightly
higher number signifies the impact of reduced performance at the beginning of a project, which is
not considered in Eq. (12). The higher number corresponds to the necessity of either extending a
project by adding AT, = 0.5 week, or adding overtime at the amount of 9% of the cost of one
consultant on the 24-week project, if the project must be completed within the 24-week timeframe.
When the adjustment is taken into account, the additional cost of $16,981 must be added to the
cost depicted in Table 1 (Eq. (16)). Those results are illustrated in the plots generated from a DSS
(Figure 7), in which the required cost adjustments for Optional Strategy 2:1 for Project B2 is
plotted as a function of 71 , assuming that a 20% increase in experience levels can cost 15% or
25% more than the original consulting rate (CI € {1.15;1.25}).

FIGURE 7 HERE

In Figure 8, the required increase in the number of consulting resources, R/ ., is plotted as a
function of 77, assuming that consultants at two different levels of experience can potentially be
hired ( EI. = 1for a current level and EI. = 1.2 for 20% more experienced staff).

FIGURE 8 HERE

The results are surprising as they demonstrate that if four full-time and one part-time

consultant are hired instead of three (RI . =1.5), then the project can be completed within
nineteen weeks (71 = 0.8 in Figure 8) and costs $918,000 (Table 1) plus $16,981 (Figure 7).

However, the project can be completed within twenty two weeks by six internal resources, four
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full-time and one part time consultant if 20% more experienced consultants are hired (7/ =1 and

RI. =009 if EI. =1.2). The second scenario costs $918,000 (Table1) minus $6,226 (Figure 7).

In summary, assuming that the rate of more experienced resources is no more than 15% higher
than the original consulting rate, the project costs less if a smaller number of more experienced
consultants are hired (plots for CI =1.15 are below plots for CI =1). Therefore, it is more
beneficial to hire the most experienced resources even if their hourly rates are higher. Additionally,
since the cost of internal resources is inversely related to the duration of formal training that
minimizes the project cost (the minimum cost in Figure 3b is to the left of the corresponding
minimum cost in Figure 3a), the company should only provide formal training to the less
expensive junior resources, while the more expensive senior resources should “learn on the job”
(Figure 7).

All of the reports presented so far provide a manager with sufficient information to select the most
suitable strategy, depending on the financial criteria for a project and the maximum number of
internal resources available. However, the manager should also calculate the tolerance limits for
the required costs and training durations, and explore the effect of any variability in the key
parameters, especially the learning curve coefficientk .

4.4. Sensitivity analysis

Sensitivity analysis is usually performed to investigate the impact of changes in the key variables

and parameters on the robustness of a solution [90]. The planned project duration 7, and the
learning curve coefficient k are the key parameters in the cost formula, and 7| is usually

established with the input from a software vendor. The impact of changes on the results calculated

by the system can be analyzed from a Strategy Comparison report.
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The learning curve coefficient is usually assessed from tests conducted either during training or
in the very early stages of a project. Assessment errors can result from the testing methodology,
previously unexpected exposure to the ERP system, or other factors. Therefore, the manager
should define the range within which k might vary in a Strategy Definition module, and then
analyze the corresponding tolerance limits for the resource costs. As an example, in Figure 7 we
assumed the tolerance level for k to be +10% of the coefficient value and included the graphs for
the upper and lower tolerance limits.

Based on the sensitivity analysis, the project manager must allow for the following
contingencies. The total cost of Optional Strategy 2:1 for Project B2 ($918,000 — Table 1) should
be adjusted on average by additional $16,981 to compensate for the reduced Initial Performance.
The error of that adjustment will be in the range of [$13,846; $21,951] if k = 0.9 remains within

10% tolerance limits. The range can be translated into a +0.1% margin for the total project cost.

5. Managerial insights

The balanced combination between durations of training and implementation for any given
resource ratio can be found on the cost curve (Figures 3 and 4). However, in order to establish the
most desirable ratio between internal and external resources, the constraints such as the maximum
number of internal resources which can effectively support the project must also be considered.
Those constraints are best analyzed through iteration of project parameters and ratios.

For the first iteration, we suggest that the manager selects the resource ratio to be within the
range of 1:1 and 3:1. A ratio smaller or equal to 1:1 significantly increases costs while a ratio equal
to or larger than 3:1 forces the company to remove a large number of internal resources from their

routine duties in order to staff the project. Primary Strategy 1:0 does not require any consultants
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so it is the least expensive alternative. However, the ratio 1:0 should only be considered for system
upgrades or expansion since it is feasible when internal resources are experienced.

The manager might want to adjust the ratios using fractions in order to narrow the range for the
second iteration. For example, if only a few internal resources are available during the project, the
manager might want to examine the cost effectiveness of a ratio lower than 2:1. Under such
circumstances, he/she will use 0.5:1; 1:1 and 1.5:1 as the ratios of internal to external resources
instead of 1:1, 2:1 and 3:1 used in our case study. The ratio can be fine-tuned based on the graphs
included in Figure 7, which can also be used to calculate the necessary contingencies. Those
graphs can be used to improve the planning of human resources and to protect the company from
over-budgeting.

Since the contingencies are usually built around the baseline, the manager must exercise
caution when using the standard system since it can provide overinflated forecasts. For example, if
a manager uses Eq. (8) instead of Eq. (11) to control the execution of a project, he/she may
incorrectly assume that the project is late and that more resources should be added to finish the
work on time.

Due to the limitation of a two-dimensional Cartesian system, training duration 77, which is a
variable in Eq. (11), is fixed as a coefficient in Figure 5. The coefficients such as project
parameters (daily rates, learning abilities, performance levels, etc.) and fixed variables allow to
analyze a strategy at a given point in time. Their impact can be investigated through iterations.
Note, that for the implementation of a new system the project begins after the training is complete

so the independent variable in Eq. (11), ¢, must be kept within the following limits 7, <t <7,.

We asked three practicing project managers for an informal evaluation of DSS. At the time of

writing, the managers were employed by the Canadian division of a global company. Each of those

31



managers implemented at least one ERP system, and one developed several extensions to SAP.

Their feedback is summarized below:

(1) As a proof of concept, DSS fulfilled its purpose of providing assistance to project managers.
The results presented in Strategy Assessment report are in general agreement with trends
observed during an ERP project.

(i1) The managers appreciated the various types of reporting options and the clearly defined
method. However, two independent sources suggested adding a graph, in which the cumulative
weekly project costs for different schedules can be compared.

(i11))The managers were able to use the system after a 30-minute introductory session.

(iv)DSS provides a more accurate prediction of project duration, but the accurate assessment of
learning abilities is paramount. The results are consistent with testing and are promptly
received because the system is simple and straightforward.

(v) The key suggestion, repeated in all feedback we received, was to integrate DSS with the
standard Project Control System and to make sure that the algorithm and variables used by
DSS follow the standard project management terminology.

To address the above comments, we decided to add a tutorial to the system and explain how it

can be used to manage the two categories of ERP projects. We are also planning to conduct a

formal evaluation, in which functionality, completeness, ease of use, performance, and fit with the

organization will be evaluated using a 7-point Likert scale.

6. Conclusions

Assessing human resource competence and training needs is critical for a successful ERP project
[91]. Although training itself can become a large project expense, this research suggests that a

project manager should raise the capabilities of internal resources through training in order to
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reduce the cost of consulting support. However, a project manager must carefully consider the
type, duration, and timing of training in order to make sure that the costs of training and consulting
support are balanced, as demonstrated in this and previous studies. The DSS developed in this
study provides the support required during that process.

The value of DSS can be assessed based on the number of decisions improved and the value of
each improved decision [10]. The DSS discussed in this paper automates the time-consuming and
repetitive calculations involved. The project manager can use the DSS to closely examine the cost-
effectiveness of training, to improve the accuracy of project duration forecasts, and to explore
various human resource options for the new ERP implementation or the expansion/upgrade of the
previously implemented system. As demonstrated in the case study, although the number of
decisions improved is small, their value is significant.

The three practical limitations of the system are: (i) it can only be used on projects wherein
resources are paid based on input, thus outsourcing or subcontracting is not covered by the model,
(i1) it does not allow managers to recalculate the duration of a critical path if the number of
resources is changed during the project execution, which means that it cannot be applied in
situations where the turnover rate is high, and (ii1) the impacts of various methods of establishing
the value of the learning curve coefficient, k were not fully explored. We will address the first two
limitations in subsequent versions of the model, which will be extensively evaluated by a panel of
experts before the decision to commercialize the system is made. A more extensive empirical study
is required to overcome the third limitation, which necessitates designing a suitable way to assess k

in the early stages of a project and then reevaluating the coefficient during its execution.

33



Acknowledgement

We are thankful to the anonymous referees for their constructive comments which led to

substantial improvement of the paper. We also thank Prof. Robert Hudyma for proof-reading the

paper.

34



10.

11.

12.

13.

14.

15.

16.

17.

18.

Bibliography

Hartono, E., Santhanam, R., Holsapple, C., Factors that contribute to Management Support
System success. Decision Support Systems, 2007. 43(1): p. 256-268.

Plaza, M., Ngwenyama, O.K., Rohlf, K., A comparative analysis of learning curves:
Implications for new technology implementation management. European Journal of
Operational Research, 2010. 2010(2): p. 518-528.

Aloini, D., Dulmin, R., Mininno, V., Risk management in ERP project introduction:
Review of the literature. Information & Management, 2007. 44(6): p. 547-567.

King, W.R., Ensuring ERP implementation success. Information Systems Management,
2005. 22(3): p. 83-84.

Gargeya, V.B., Brady, C., Success and Failure Factors of Adopting SAP in ERP System
Implementation. Business Process management Journal, 2005. 11(5): p. 501.

Scott, J., Vessey, L., Implementing ERP systems: The role of learning from failure.
Information Systems Frontiers, 2000. 2(2): p. 213-232.

Kapp, K., Moving Training to the Strategic Level with Learning Requirements Planning.
National Productivity Review, 1999. 18(2).

Scott, J.E., Post-Implementation usability of ERP training manuals. Information Systems
Management, 2005. 22(2): p. 67-77.

Park, J.-H., Suh, H.-J., Yang, H.-D., Perceived absorptive capacity of individual users in
performance of Enterprise Resource Planning (ERP) usage: The case for Korean firms.
Information & Management, 2007. 44(3): p. 300-312.

Beckers, A.M., Bsat, M.Z., A DSS classification model for research in human resource
information systems. Information Systems Management, 2002. 19(3): p. 41-51.

Sheu, C., Chae, B., Chen-Lung, Y., National differenced and ERP implementations; Issues
and challenges. OMEGA: The International Journal of Management Science, 2004. 32(5):
p. 361-371.

Jeang, A., Project management for uncertainty with multiple objectives optimisation of
time, cost and reliability. International Journal of Production Research, 2015. 53(5): p.
1503-1526.

Henry, R.M., McCray, G.E., Purvis, R.L., Roberts, T.L., Exploiting organizational
knowledge in developing IS project cost and schedule estimates: An empirical study.
Information & Management, 2007. 44(6): p. 598-612.

Kreye, M.E., Gohl, Y.M., Newnes, B., Goodwin, P., Approaches to displaying information
to assist decisions under uncertainty. OMEGA: The International Journal of Management
Science, 2012. 40(6): p. 682-692.

Fang, L., Centralized resource allocation based on efficiency analysis for step-by-step
improvement paths. OMEGA: The International Journal of Management Science, 2015.
51(2015): p. 24-28.

Zeitz, W.A., SAP R/3: Dream or Nightmare? Do not jump on the SAP bandwagon.
Computerworld, 1996. 30(5): p. 101-103.

Al-Mashari, M., Al-Mudimigh, A., Zairi, M., Enterprise resource planning: A taxonomy of
critical factors. European Journal of Operational Research, 2003. 146(2): p. 352-364.
Hartmann, D. Interview: Jim Johnson of the Standish Group. Standish Group. Infoqueue,
www.infoq.com/articles/Interview-Johnson-Standish-CHAQOS 2006.

35



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ward, J., Hemingway, C., Daniel, E., A framework for addressing the organizational issues
of enterprise systems implementation. Journal of Strategic Information Systems, 2005.
14(2): p. 97-119.

Bingi, P., Sharma, M.K., Maneesh, J.K., Godla, J.K., Critical issues affecting an ERP
implementation. Information Systems Management, 1999. 16(3): p. 7-14.

Nah, F.F., Lau, J.L., Kuang, J., Critical factors of successful implementation of Enterprise
Systems. Business Process Management Journal, 2001. 7(3): p. 285-296.

Hong, K.K., Kim, Y.G., The critical success factors for ERP implementation: an
organizational fit perspective. Information and Management, 2002. 40(1): p. 25-40.

Gefen, D., L., R., Why trustworthiness in an IT vendor is important even after the vendor
left: IT is accepting the message and not just the messenger that is important. OMEGA:
The International Journal of Management Science, 2014. 44(2014): p. 111-125.

Beard, J.W., Sumner, M., Seeking startegic advantage in the post-net are: viewing ERP
systems from the resource-based perspective. Journal of Strategic Information Systems,
2004. 13(2): p. 129-150.

FY 2002 Technical Infrastructure Maintenance Plan, City of Tampa. (2002). Retrieved July
20, 2006, from
http://www.tampagov.net/dept_MIS/files/Infrastructure_Plan_Master_2002.pdf. 2002.
Sarker, S., Lee, A.S., Using a case study to test the role of three key social enablers in ERP
implementation. Information & Management, 2002. 40(8): p. 813-829.

Karsu, O., Morton, A., Incorporating balance concerns in resource allocation decisions: A
bi-criteria modelling approach. OMEGA: The International Journal of Management
Science, 2014. 44(2014): p. 70-82.

Swartz, D., Orgill, K., Higher Education ERP: Lessons Learned. Educause Quarterly,
2001(2): p. 20-27.

Wang, E.T.G., Chen, J.H.F., Effects of Internal Support and Consultant Quality on the
Consulting Process and the ERP System Quality. Decision Support System, 2006. 42(2): p.
1029-1041.

Gagnon, R.J., Sheu, C., The impact of learning, forgetting and capacity profiles on the
acquisition of advanced technology. OMEGA: The International Journal of Management
Science, 2000. 28(1): p. 51-76.

Nevo, S., Wade, M.R., Cook, W.D., An examination of trade-off between internal and
external IT capabilities. Journal of Strategic Information Systems, 2007. 16(1): p. 5-23.
Baccarini, D., Salm, G., Love, P., Management of risks in information technology projects.
Industrial Management and Data Systems, 2004. 104(3/4): p. 286-295.

Whu, L., Rocheleau, B., Formal versus informal end user training in public and private
sector organizations. Public Performance and Management Review., 2001. 24(4): p. 312-
321.

Umble, E.J., Haft, R.R., Umble, M.M., Enterprise resource planning: Implementation
procedures and critical success factors. European Journal of Operational Research, 2003.
146(2): p. 241-257.

Karlsen, J.T., Gottschalk, P., An empirical evaluation of knowledge transfer mechanisms
for it projects. The Journal of Computer Information Systems, 2003. 44(1): p. 112-119.
Dixon, N.M., Common knowledge. Boston: Harward Business School Press, 2000.

36



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Robey, D., Boudreau, M.C., Ross, J., Learning to implement Enterprise Systems: An
exploratory study of the dialectic of change, in CISR WP, ed. M. Sloan. 2000, Cambridge,
MA: Massachusetts Institute of Technology.

Miranda, R., Kavanagh, S., Roque, R., Technology needs assessments: Evaluating the
business case for ERP and financial management systems, in Government Finance Officers
Association. 2002: Chicago.

Rocheleau, B., Chapter 7 - Information Technology, Training, and Organizational
Learning, in Public Management Information Systems, Anonymous, Editor. 2006, Idea
Group Publishing.

Skerlavaj, M., Stemberger, M.1., Skrinjar, R., Dimovski, V., Organizational learning
culture - the missing link between business process change and organizational
performance. International Journal of Production Economics, 2007. 106(2): p. 346-367.
Teplitz, C.J., Amor, J.P., Improving CPM's accuracy using learning curves. Project
Management Journal, 1993. 24(4): p. 15.

Jackson, D., Technological change, the learning curve and profitability, ed. Anonymous.
1998, and Northampton, Mass.: Elgar; distributed by American International Distribution
Corporation, Williston, Vt. 226.

Chambers, C., Technological advancement, learning, and the adoption of new technology.
European Journal of Operational Research, 2004. 152( 1): p. 226-247.

Dardan, S., Busch, D., Sward, D., An application of the learning curve and the
nonconstant-growth dividend model: IT investment valuations at Intel Corporation.
Decision Support System, 2006. 41(4): p. 688-697.

Pendharkar, P., Subramanian, G., An empirical study of ICASE learning curves and
probability bounds for software development effort. European Journal of Operational
Research, In Press, Corrected Proof, Available online 26 May 2006, 2006.

Sa’enz-Royo, C., Salas-Fuma”, V., Learning to learn and productivity growth: Evidence
from a new car-assembly plant. OMEGA: The International Journal of Management
Science, 2013. 41(2): p. 336-344.

Stummer, C.G., W. J.; Denk, M.; Riedmann, H.; Froeschl, K.A, Training on the project: a
quantifying approach to competence development. Knowledge Management Research &
Practice, 2012. 10: p. 64-78.

Gutjahr, W.J., Optimal dynamic portfolio selection for projects under a competence
development model. OR Spectrum, 2011. 33: p. 173-206.

Zebala, W, Plaza, M., Comparative study of 3-and 5-axis CNC centers for free-form
machining of difficult-to-cut material International Journal of Production Economics, 2014.
158(December 2014): p. 345-358.

Grosse, E.H., Glock, C.H., An experimental investigation of learning effects in order
picking systems. Journal of Manufacturing Technology Management, 2013. 24(6): p. 850-
872.

Edgington, T.M., Chen, A.N.K. An economic benefit model for knowledge creation. in
Proceedings of Twenty-Third International Conference on Information Systems. 2002.
Plaza, M., Team performance and IS Implementations: Application of progress curve to the
Earned Value Method during IS project. Information Systems Frontiers, 2008. 10(3): p.
347-359.

Cioffi, D., Completing projects according to plans: An earned value improvement index.
Journal of the Operational Research Society, 2006. 57(3): p. 290-295.

37



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Ngwenyama, O., Guergachi, A., McLaren, T., Using the learning curve to maximize IT
productivity: a decision analysis model for timing software upgrades. International Journal
of Production Economics, 2007. 105(2): p. 524-536.

Plaza, M., How accurate is your Schedule Performance Index. Journal of Academy of
Business and Economics, 2010. 10(5): p. 130-139.

Plaza, M., Rohlf, K., Learning and performance in ERP implementation projects: A
learning curve model for analyzing and managing consulting costs. International Journal of
production Economics, 2008. 115(1): p. 72-85.

Heimerl, C., Kolisch, R., Work assignment to and qualification ofmulti-skilled human
resources under knowledge depreciation and company skill level targets. International
Journal of Production Research, 2010. 48(13): p. 3759-3781.

Gutjahr, W.J., Katzensteiner, S., Reiter, P., Stummer, C., Denk, M., Multi-objective
decision analysis for competence-oriented project. European Journal of Operational
Research, 2010. 205: p. 670-679.

Vanhoucke, M., On the dynamic use of project performance and schedule risk information
during project tracking. OMEGA: The International Journal of Management Science,
2011. 39: p. 416-426.

Dong, L., Management influence on information systems (IS) implementation effectiveness.
2004. p. Ph. D. Dissertation, University of Western Ontario.

Sun, A.Y.T., Yazdani, A., D., O.J., Achievement assessment for Enterprise Resource
Planning (ERP) system implementation based on critical success factors (CSFs).
International Journal of Production Economics, 2005. 98: p. 189-2003.

Lee, Z., Lee, J., An ERP implementation case study from a knowledge transfer perspective
Journal of Information Technology, 2000. 15(4): p. 281-288.

Grossman, T., Walsh, J., Avoiding the pitfalls of ERP systems implementation. Information
Systems Management, 2004. 21(2): p. 38-42.

Power, D.J., Understanding data-driven Decision Support Systems. Information Systems
Management, 2008. 25(2): p. 149-154.

Power, D.J., ed. Decision Support Systems: Concepts and resources for managers. 2002,
CT: Greenwood/ Quorum: Westport.

Parente, S., Technology adoption, learning-by-doing, and economic growth. . Journal of
Economic Theory, 1994. 63(2): p. 346-369.

Jaber, M.Y., Sverker, S., A numerical comparison of three potential learning and forgetting
models. International Journal of Production Economics 2004. 92 (3): p. 281-294.
Sanghoon, A., Technology upgrading with learning cost: A solution for two productivity
puzles. OECD Working Papers, ECO/WKP(99)12, 1999. 7(220).

Barry, E., Mukhopadhyay, T., Slaughter, S., Software project duration and effort: An
empirical study Information Technology and Management, 2002. 3(1-2): p. 113-136.
Bendoly, E., Jacobs, F.R., ERP architectural/ operational alignment for order processing
performance. International Journal of Operations and Production Management, 2004.
24(1/2).

Portougal, V., Sundaram, D., Chapter 5: Enterprise Systems implementation phases.
Enterprise Systems implementation risks, in Business Processes: Operational Solutions for
SAP Implementation. 2005, Idea Group Publishing.

Hevner, A.R., March, S.T., Park, J., Ram, S., Design Science in Information Systems
Research. MIS Quarterly, 2004. 28(1): p. 75-105.

38



73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

March, S.T., Smith, G., Design and Natural Science research on Information Technology.
Decision Support Systems, 1995. 15(4): p. 251-266.

Kolish, R., Padman, R., An integrated survey of deterministoc project scheduleing.
OMEGA: The International Journal of Management Science, 2001. 29: p. 249-272.
Vanhoucke, M., Using activity sensitivity and network topology information to monitor
project time performance. OMEGA: The International Journal of Management Science,
2010. 38: p. 359-370.

Colin, J., Vanhoucke, M., Setting tolerance limits for statistical project control using
earned value management. OMEGA: The International Journal of Management Science,
2014. 49(2014): p. 107-122.

Jaafari, A., Towards a smart project management information system. International Journal
for Project Management, 1998. 16(4): p. 249-265.

Markus, M.L., Majchrzak, A., Gasser, L., A design theory for systems that support
emergent knowledge processes. MIS Quarterly, 2002. 26(3): p. 179-212.

Power, D.J., What criteria should be used for evaluating software packages? DSS News,
2002. 3(8).

Kim, E., Wells, W.G.J., Duffey, M., A model for effective implementation of Earned Value
Management methodology. International Journal of Project Management, 2003. 21 (5): p.
375-382.

Vandevoorde, S., Vanhoucke, M., A comparison of different project duration forecasting
methods using earned value metrics. International Journal of Project Management, 2006.
24(4): p. 289-302.

Warhoe, S.P., The Basics of Earned Value Management. Transactions of AACE
International, 2004: p. CSC.07.01- CSC.07.10.

Plaza, M., Integrating learning effects in management of technology projects. European
Journal of Management, 2009. 9(4): p. 21-38.

Goodwin, P., Fildes, R., Lawrence, M., Stephens, G., Restrictiveness and guidance in
support systems. OMEGA: The International Journal of Management Science, 2011. 39(3):
p. 242-253.

Paradice, D., Expanding the boundaries of DSS. Decision Support Systems, 2007. 43(4): p.
1549-1552.

Nkasu, M.M., Leung, K.H., A resources scheduling decision support system for concurrent
project management. International Journal of Production Research, 1997. 35(11): p. 3107-
3132.

Donzelli, P., A Decision Support System for Software Project Management. IEEE
Software, 2006. 23(4): p. 67-75.

Lee, C., Wang, M., Chen, J., Ontology-based intelligent decision support agent for CMMI
project monitoring and control International Journal of Approximate Reasoning, 2008.
48: p. 62-76.

Zach, O., Munkvold, E.B., Olsen, D.H., ERP system implementation in SMEs: exploring
the influences of the SME context. Enterprise Information Systems, 2014. 8(2): p. 309-335.
Ghasemzadeh, F., Archer, N.P., Project Portfolio Selection through Decision Support.
Decision Support System, 2000. 29: p. 73-88.

Kraemmergaard, P., Rose, J., Managerial competences for ERP journeys. Information
Systems Frontiers, 2002. 4(2): p. 199-211.

39



Completion of training

v Start of the project
A 1

Asymptote is a ratio between the
actual performance and the

maximum possible performance of a
fully trained team

—h

[
Initial leve],eﬁ/
—- experience:at the
beginning ¢f
17 implementat;

ctual Duration\J;

I
9
c

rve

Wwe,/ /

_ “Rlanned By

rationﬁ& A

0 Training Implementation

Figure 1. Performance Function

40



A 4

MANAGER Strategy x
Definition [ trategy
Analysis
A
Reporting
No Export t
‘ Xport to
Strategy \ \1 Excel
Data Yes Save
Strategy/ Tabular Format
- Renort
\/ .
Report .
Files Graphical Format

Figure 2. DSS application architecture

41




ERP Implementation - Strategy Comparison - RCM

e Primary == + Optional(1:1) e+« Optional (2:1) == ==QOptional (3:1)

$3,900,000.00
$3,800,000.00
$3,700,000.00
$3,600,000.00
$3,500,000.00
$3,400,000.00
$3,300,000.00
$3,200,000.00
$3,100,000.00

My, -
-_— L] -
° == " o s+ emm v == O

P
b

*sas
%t cetsssncsscssensassnnese

Total Resource Cost C

-
o

$3,000,000.00 N S - - - - = —

$2,900,000.00 T T T T T
0.1 0.3 05

0.7 0.9 1.1

AT, [weeks]

Figure 3a. Analysis of the total resource cost for Project Al. Cost of internal resources

Rs=$500/day.
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Figure 3b. Analysis of the total resource cost for Project Al. Cost of internal resources
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ERP Extension (Bl) - Strategy Comparison - RCM
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Figure 3c. Analysis of the Total Resource Cost for Project B2. Cost of internal resources
Rs=$500/day.
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ERP Extension (BI)
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Figure 5. Cash Outflows (Cost Formula) and Output Delivered (Baseline Equation) for Project B2.
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Figure 6. Reduction of project outputs as a function of time elapsed on Project B2.
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Figure 7. Cost Adjustment as a function of duration compression ratio for Project B2 - Optional
Strategy 2:1 Internal to External Resource Ratio, 60% of Initial Performance.

ERP Extension (Bl) - Optional Strategy (2:1) - 6 Internal and 3 ConsultingResources

| eeeerEl= El=12

/.0
RI- 60 t+
50 2
40 ‘s
3.0
2.0
10

0.0 T T T T T 1 T’
0.25 04 0.5 0.6 0.7 0.8 1

---oooout.o
teeer g
AR N N
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Table 1. Projects data and results.

Project A1 — ERP Implementation

Project B2 — ERP Extension (BI)

(Strategy) (Primary) | Optional | Optional | Optional | (Primary) | Optional | Optional
Resource Ratio 2:1 1:1 2:1 3:1 1:0 2:1 3:1
PROJECT DETAILS

k [1/week] 06 | 07 | 06 | 06 0.9

P, [%] 0 60%

NS (RS:

$500/day) 8 24 32 36 6 6 6

N[ (R]:

$1900/day) 1 2 3 3 .

NC (RC:

$1500/day) 4 24 16 12 - 3 2

Nem (Rewr

$2000/day) 0.5 1 1 1 -

TO [Week] 56 14 36 24 27

RESULTS SUMMARY (RCM) (Figures 3a, 3c, 4a and 4b)

C(AT,, )81 | 3.159.795 | 3.,743.476 | 3,240,403 | 2.951.000

AT, [week] 0.9 0.5 0.9 1 N/A

TTopt [Week] 1 2 1 09

T, (P,) [week] 1

AT, (P,) [week] N/A 0.45

C(AT, (P,))[S] 547,000 | 918,000 823.000
RESULTS SUMMARY (CCM) (Figures 3b and 4a) -

C(AT,, ) I8 | 1.996.481 | 2.764.575 | 1.939.579 | 1,507.117

AT, [week] 0.45 0.17 0.37 0.48 N/A

T,y [Week] 2.17 3.84 2.53 2.09

*Living and travel expenses are not included, since the resources were local

46






