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ABSTRACT

The ratio between success and failure in ICT ptejesuggests a need for improved understanding ef I@T
implementations. New methods to evaluate the 1GJjepts are sought. While process modeling has beeer way in
organizations for decades, this paper presentsvapproach to analyzing benefits based on thedntrtion of ICT services.
In our approach the success of ICT projects isuatall by analyzing the productivity benefits thewlge in the business
processes of the users. In its novel way, thigppapints out the significant role of interactinggesses and related actors.
With the help of the Three Viewpoint Model (3VPM)daskill-matrix approaches the critical factorsatet to improvement
benefits can be found. Our tool allows analyzing awaluating the output at the time even when @iE project is not
completed, also taking into account the dynamianmadf processes.
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INTRODUCTION

Turning investments in information and communicatiechnology (ICT) into higher productivity is niivial, but typically
requires complementary investments and changeh, asicew business processes, new skills and neawiaggional and
industry structures (Brynjolfsson and Hitt, 20085 a response to the evolutionary challenges, azgdons have faced a
need to implement business process change (Harkheds 1996; Kettinger et al., 1997). Prior reshéhas witnessed that
technological change always catalyzes organizdtionange (El Sawy et al., 1999; Halonen, 2004; elet al., 2004;
Rummler and Brache, 1995) even if information texdbgy (IT) alone is an insufficient factor in achileg business process
redesign (Stoddard and Jarvenpaa, 1995). On theacpnthe failure rate of IS projects is generdthyown to be high
(Gunasekaran et al., 2006; Schmidt et al., 2001).

The business process literature has contributé@l benefit measurement and management in four naagas: Performance
improvements, the issue of ISs reach tangible arahgible benefits and benefit evolution (Rummied Brache, 1995). The
challenges to improve business process are indepefrdm the line of industry.

The correlation of the ICT system success to bgsipeocess benefits is new and missing in the gueviterature (Urbach
et al., 2009). In the research, there is a gapdmtvthe ICT system features and the optimal busipesess change, which
we try to fill. In the business process studiesd¢heave been three problematic areas that haveetntheir use in practical
productivity research in organizations:

1. Many business process improvements in practieestuctural. The activities, resources or thelations in the
process change with the improvements. Hence feetefof the improvements should be analyzed wigth@dologies that
allow structural changes in process models.

2. The processes interact with each other. Thedwgments in a process cannot always be studiedwittonsidering
the effects in the related processes.

3. There is joint use of resources or personnskireral processes in an organization. Hence, theoiement in one
process has externality effects to other procegsdbfiese joint resources in the organization ustiety.

Furthermore, in the case studies where our modebblan applied, a fourth problematic area also gader
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4. An operating real business process does notyallwahave according to the existing formal procgeification
used in the organization. These non-documentetlirtssa of the real process may be essential to thenpal process
improvement development.

In this paper, we introduce our Three Viewpoint Mb(BVPM) that has been developed to overcome tfeeseproblematic
areas when analyzing process changes enabled by @G multidisciplinary approach takes into accoimteracting

business processes and their improvements by smdyw the IS changes the processes with respettrée different
viewpoints, namely logical process diagrams, pemtorce and cost. We utilize factor modeling when deecribe and
analyze the business we seek to influence. Ingtidy, we also apply recursive interaction as wizetresearch context
originally from Reijers (2003).

BACKGROUND

Organizations need business processes becausadineds plan and strategy are implemented with (ieari et al., 1995).
Besides formal business processes, organizatiomd teeutilize their informal business processesrhiess et al., 1996;
Renzi et al., 2009). To improve their businessanizations initiate change projects that seek &teb productivity, service
and quality (Lee and Ahn, 2008; Meldo and Pidd,@00ypically, the change projects involve additibhl (Back et al.,
2000).

The productivity increase results from ICT in intties and in the society are of rather recent or{@irynjolfsson and Hitt,
2000). The productivity benefits of ICT investmerase related to simultaneous organizational ancdcgs® changes
(Maliranta and Rouvinen, 2006) and to simultangdR8/ and product and quality related practices (Gerh Gu, 2004).

However, the level of investments and the assatietks involved in planning and implementing 1Caquire improved
understanding of the ICT implementation processn@Sekaran et al., 2006). In case of failure, th@émentation may have
a significant impact on organizational competitiees. Gunasekaran et al. (2006) propose a frameteoré&valuate
investments in IT/IS projects. The framework cotssisf General IT/IS evaluation and justificationncepts; Evaluation
criteria emphasized for justifying IT/IS projec®echniques and tools used for evaluating and jstfIT/IS projects; and
Evaluation of the implementation of IT/IS projects.

First approaches of business process developmerd pgblished in the early 1990’s (Davenport, 19B@&mmer and

Champy, 1993). Business process was defined byrpave(1998) as a specific ordering of work actégtacross time and
place, with a beginning and end, and with cleargfirced inputs and outputs. Davenport (1993) desdrilprocess

management as a lens of analysis through whichbletaenefits in business performance could be daifibe terms

business process re-engineering (BPR) and re-esnjiigethe corporation were also introduced at time (Hammer and

Champy, 1993). Stoddard and Jarvenpaa (1995) usa@ept of business process redesign (BPR) anuh theit BPR does

not necessarily result in radical change in a shertod of time. Harkness et al. (1996) emphadieerteed for a process
vision to integrate improvement work and providdasis of planning. The management and improvemenusiness

processes has after that generated a large amdditérature, including topics Process Innovatidbayenport, 1998),

Improving Performance (Choenni et al., 2003), Wiorkf Management (van der Aalst, 1998) and Busineesd3s Change
(Harmon, 2003). All approaches have the same natiamproving the performance of the organizatigndeveloping the

business processes.

However, before a process can be presented in adglnthe relationships between the process anghitsmeters such as
personnel, equipment, material, methods, taskstestthology should be understood (Emiris et al.,1200he first task in
business process development is the process mggdelimere the necessary features of the procesdoaemented. For
example, questions to be responded concern ordaskd, available resources and duration of taB&sk and Bell, 1995).

Back et al. (2000) propose activity-based costm@ ool for process improvement evaluations. is titol, the cost for any
given process is determined by examining the ialdial activities or tasks that comprise the proegsbafter that, the costs
are assigned to each task. Their technique is Gl across a wide number of disciplines includitep administrative

processes.

RESEARCH PATH

Our research was based on instrumental case st(fti@ee, 2000) including 30 cases, of which paxtehlaeen published
(e.g. Alasalmi and Martikainen, 2008; Kuroda et 2009; Martikainen et al., 2010; Takemura et2008). To find out and
to analyze interacting business processes and fhgirovements we utilized multidisciplinary resdarenethods
(Onwuegbuzie and Leech, 2005). Sarker and Lee {2608gest an approach that gives equal consideratiosocial
dimensions and the interactions between the sanilthe technological. Following that, we studiedvithe IS changes the
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processes with respect to three different viewgoinamely logical process diagrams, performance costt We have
correlated process quality measures, such as yudaliservice or quality of work, to calculated pmrhance measures
including service and waiting times, task througBpand resource utilization rates. The 3VPM apghohas been
interactively developed and verified with the caselies mentioned above.

In the example of this study we also applied ragargiteraction as we utilized research contexcdbed in prior literature
(Reijers, 2003). Contrary to our earlier case stsidthe skill matrices were not built due to theilable research material.
While Kettinger et al. (1997) propose a stage-#gtiframework for business process reengineerinth \8ix stages, our
approach verges on the topic from three anglesaddition, we utilized mathematical factor models describe the
interrelations between process performance vasae cost variables.

THREE VIEWPOINT MODEL

One of the fundamental principles is presentediguife 1. The figure shows a simple service systaththe co-creation of
value of the service provider and the customer. Wheew ICT service is provided, the interactiomhvthe new service
process changes the customer process in a waygrbaes the benefits (Martikainen, 2007). Generdlig new benefits
obtained by the customer should be more valualzsle the cost increase from the new service. In puggivices also the
social benefits created by the service externaltiive to be calculated (Figure 1).

® R
- Externalities ,‘- 0
/ oy
i ' ol b
6] = L <
g Customer processes m
= et I
= Frovider processes 3
5 2 B

Figure 1. The Benefits Created by a Service

When evaluating the process changes enabled bZarsérvice the 3VPM approach has four steps (Fi@)yrel. Draw
diagrams, 2. Calibrate with data, 3. Draw improdebrams and 4. Calculate improvement benefitss@tsteps are used in
many business process improvement approachesre®earch target has been to develop the benefitladibns so that the
proposed improvements can be evaluated with regpebie different viewpoints and the productivitgigs calculated. A
useful feature of the benefit calculation tool isoato show critical factors of the processes amcpropose potential
improvements.

Draw Diagrams

The first step is to draw logical process diagramarder to describe the workflow in phases. Thislone together with the
employees using semi-structured interviews withahme to produce a cognitive description of the wprkcesses. Several
descriptive models and graphical editors are abigEldor documenting the step. In our analysis wplieg the activity
diagram notation based on the OMG Unified Modellramguage (UML) with extensions. In the case of ses this
approach necessitates that both the service pexessl the corresponding customer processes areledod he produced
process diagrams specify the logical process mddaebted by M that caters process structure anchhlas that are
described by activities, task classes, servicegimectivities, task routing probabilities betwestivities, resource costs in
time and other activity costs (see Formula 1).
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Figure 2. The four analysis steps of 3VPM to evalua service benefits

Calibrate with Data

The second step was to analyze the process perfomiaee Formula 2) and costs (Formula 3). Thebtas used in 3VPM
are activities (4, related resources (R tasks and customers (E) served, task arrivahsities X;) to the system, routing
probabilities () of tasks between activities, service times invéas (T;), population sizes ((Nand costs of resourcesgg
The performance related output variables are cated|from input variables using a queuing netwallatton for model M
denoted by G (Denning and Busen 1978) and theaswysis solution using a function denoted by Fe irtput and output
variables are displayed in Table 1. Formulas Ih@&define their interrelations.

Inputs Outputs
Activities or tasks A Customer time in activity i \W
Customer classes pE Customers of type p in system o N
Routing probabilities m;  Customers of type p in activity i N
Service time in activity i T Utilization of activity i o)
Arrival of customers p in activity i A, Utilization of resource kin activity i py
Resources R Throughput of customers p in activity A
Skills s in resource k R Fixed costs €
Time of resource Kk in activity i R Variable costs ¢
Resource k cost in time re
Activity i other costs G
Table 1. Input and Output Variables of an open 3V
M= (A, B, T, Ti, Ro Crio Cay) @
(Apir Piy Pris Wi, Np, Npis ) = GQpio, Rai, M) and R > 2 Ry 2
(Cr, C) = F@i, Py Wi, M) (©)

The model M includes the process components andatiagbles of the calibrated diagrams. The fumc@is the solution of
the open or closed queuing network representingotheess. If M is an open model, which means thiatomers arrive
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from outside, the variables and solutions are @srgabove. If M is a closed model, which means$ thatomers circulate
inside the system, the variable N becomes an iwgmigible and variabl®; an output variable. Usually G is an algorithnmttha
cannot be given in a closed form. The functionr@y calculates the costs based on the resourieatiobns and customer
delays that are obtained from G. In Table 1 theabtes are given in the case, where the model Mni©pen queuing
network, If M is modeled as a closed queuing nekwtren the variables Nare considered as inputs and variateas
outputs.

Solving function G for the model M and the variabig, Rq in Formula (2) does the performance analysishin gkill
matrix R, R«) the employees are classified according to theifgssions and assigned to the activities theycapable of
working. Based on the skill matrix the optimal resze distribution over the processes can be catmlildhe skill matrix
calculation reveals for example the total quantditgach group of professionals per professionthatbe optimally assigned
to each activity. The skill and resource distribatiof the original and improved process modelsrman be compared and
the improvements in resource utilization levelslgred. The joint use of resources that is specifiethe skill matrix and
the optimization algorithm included enables thelysis of externalities caused by resource shark. instance, an
improvement in one process releases resourcesahdie moved to other processes in the organization

In the cost analysis the fixed costs) @ the processes are related to the costs dixbd resources as well as to the fixed
quality costs and fixed risk costs. The variablstsdG,) of the processes are related to the producteotitiization and the
cost per time unit of the variable resources ingdlas well as to the waiting costs, quality coatsrésk costs that depend on
the load of the system. In Formula 3 and in theesponding input variables we have left out expligiality and waiting
costs for simplicity. The cost function F dividey the number of service transactions and calculated function of load
represents the average variable cost curve gedebgt¢he production function of the system. Thefgrenance and cost
calculation algorithms of formulas (2) and (3) anplemented as software in 3VPM analysis tools.

When the processes are analyzed using model M waratidns G and F, the modeling results can be redéld with the
process performance data of the real process. dlileration means the comparison of existing realcpss performance
statistics to the corresponding results given & 3VPM analysis tools. If the calibration does satceed iterative
interviews are needed to correct the process diegend their variables. This creates more insi§hie process behavior.
This is the calibration cycle (Figure 2). Only afseiccessful calibration the possible process absegn be modeled and
their effects analyzed.

Draw Improved Diagrams and Calculate Improvement Benefits

After the original calibrated process diagrams hlagen created, new process diagrams enabled H¢ZThservice can be
sketched. The improved diagrams are drawn as befing qualitative interviews where the possiblgliavements enabled
by the ICT system are analyzed. This proceduralledthe improvements cycle (Figure 2). For eagproved model Mthe
function G is solved according to formula (2) and the coroesiing performance measures are calculated. Thaneiot
performance measures of the improved models ame ¢benpared with the original ones and the possiblgrovement
benefits can be calculated.

EXAMPLE

Our service process improvement example “IntakeMtmntal Care” is originally from Reijers (2003) aiitd possible
improvements are analyzed using 3VPM. The madhiided into customer and service processes,hwhteract (Figure
3).

A customer enters the service and patient datecisrded by secretary (task T1 in Figure 3). Thestamner waits while the
case is treated in the team meeting next Wednesltathe team meeting the intake psychologist amectar who interview
the patient are decided (task T2).
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Customer experienced delays

Waiting tire

Service time  Waiting time  Service tims
CUSTOMER i :
PROCESS { ‘
| ] | I [
L L
CUSTOMER / /
/ TASKS \ / /
SERVICE
PROCESS T T2 |—( T3 T4 )

Dcctor and

Secretary Team
leader

Team
Psychologist meeting

Figure 3: The customer and service processes of ‘tike to Mental

Care”

Next phase the customer obtains service is thevietes by the doctor and psychologist (task T3derafvhich the patient
waits for results. The interview data is takerhe next Wednesday team meeting and the actioes i@k the patient care
are decided (task T4). This decision is commugit#b the customer who enters to the next phaseroice.
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Figure 4: The utilization levels of the tasks befax and after the changes

In the left panel of Fig. 4 we see that T3 is uealty partly since it has a resource bottleneck. &k@mple processes are
improved by first taking into use an ICT applicatizith which team leader can choose the intakeadamd psychologist
without the weekly team meeting (T2). We add resesifone more psychologist) in the critical taskah8 as a result the
cost per patient decreases and the throughputasese Before the changes the activities T2 and &ré whe bottlenecks that
prevent the event flow in the main activity T3. tétfthe changes the bottlenecks have been sohatharfull capacity of
the activity T3 can be applied as seen in the pgimel of Fig. 4.

When the costs of the customer and service prosessecalculated, we see that before the changesosis of the service
and customer processes were high. The bottomeofJtcurve representing the total cost per custoofighe processes
shows the optimal performance of old and new sysiEprocesses. After the changes one can sedntlta optimal area
the total costs of the processes decreased overtB@%hroughput doubled and the waiting times el@sed 35%. The new
system also becomes more flexible, meaning thabditmm of the U-curve of total costs is broademthefore the changes

(Figure 5).
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Figure 5: The patient cost in the system before anafter the changes

It is also easy to see from the models above thtdtaé improved model the change from fixed costueses to variable cost
resources decreases the total cost less than icetieeof the original process. With this example can demonstrate three
common paradoxes in process development:

1. Focused increasing of resources may decreasettiedst,

2. Outsourcing of resources and introducing varialiet dnstead of fixed cost improves cost-efficiemgpre if the
processes are far from optimum,

3. Optimization of the service process costs withautsidering the customer process costs may drivavtiode system far
from optimal.

The last paradox is easily seen from the right sidEigure 5: When the process costs are in minimiwen the customer
costs are in maximum and the total costs are ¢an foptimum.

DISCUSSION AND CONCLUSIONS

In our example, the organization representing tath care sector was to carry out an ICT implestéont to improve its
business processes. We analyzed how ISs changeebsisprocesses and how their improvements inflaeribe
productivity. In so doing, we applied three differ@iewpoints, namely logical process diagramsfgeerance and cost. Our
approach enabled the evaluator and IS managemeekamine and simulate the change even when it veasfully
completed.

From the prior literature we know that a typicalsiness process involves several stakeholders dieygend the line of
industry (Davenport, 1993; Emiris et al., 2001).rtRarmore, Harkness et al. (1996) proposed to iamukprocess
improvement activities in key areas through intectional partnering and information sharing outsfi¢he formal business
hierarchy. In our study we utilized a hypothesiz@mple that was based on the study by Reijers3)280d available
information concerning the distinct activities teld to the process. The process of “Intake to Mebéme” (see Figure 4)
described by Reijers was evaluated with the 3VP &lyais.

Process improvement is striven with several apgres@nd frameworks. Prior research has recognizexgs modeling as
a key function when seeking process improvementvébport, 1993; Hammer and Champy, 1993; Daveni®ds;
Maliranta and Rouvinen, 2006; Renzi et al., 206Qthermore, Kettinger et al. (1997) point out thatblem solving and
diagnosis are essential for basic problem anahggjardless of the project characteristics. Alsolddeand Pidd (2000) ask
for further research incorporating pluralistic andltidisciplinary approaches. Our research intr@dla solution to correlate
ICT projects and process improvements that haseaffe successful tool to analyze and evaluate ulubat the time even
when the change is in process as the input paresnea be changed in the 3VPM model.

In a sense, the 3VPM framework enables the decisiakers to perceive learning by seeing what th@geed changes
would mean in the process. The 3VPM approach altices the resource-based view introduced by Meled al. (2004) as
the approach necessitates that a thorough skitixmiatbuilt and the competencies of the employaesanalyzed.

In practice, the process improvements were evaluatde successful in several areas. If the protetske to Mental Care”
(see Figure 3) is supported with an ICT applicatizet adds transparency and possibilities to maleges in the process,
the utilization levels of available resources mhgrgye dramatically (e.g. adding resources for T@sk Figure 4). First, the
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logical business process had to be described. Afer the true costs were calculated based ompah@meters defined in
Formulas 1, 2 and 3.

Similarly, analyzing the costs of the patients mgess we could see changes in service costsnpatsts and total
costs/patient. However, as demonstrated in Figureetalso identified three common paradoxes in ggsadevelopment as
the minimized process costs produced patient ewgtghe total costs were far from optimum.

In all, our approach corresponds to the proposedlgms found in prior literature. While many prosésprovements in
practice are structural and the activities, resesiror their relations in the process change with ithprovements, our
approach enables ICT professionals to use a meibggdthat allow structural changes in process madelirthermore, the
approach emphasizes the interacting process amdfdhe it considers the effects in the related esses. Finally, our
approach strongly highlights the joint use of resea and personnel in several processes in an ipagian and the
externality effects that the improvement in onecpss has to other processes via these joint resour¢he organization.

In addition to introduce a new approach to analyZ& enabled change process, we also recommendefuréisearch to
explore the common paradoxes in process developriéatchallenge other researchers to investigateesmatliate ICT
enabled process improvements and to find out wkinlds of improvements would affect all or most staédders. Our
approach offers a conceivable and feasible wayvaduate potential outputs even when the processovement still is
ongoing and changes are controllable.
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