JOURNAL OF SYSTEMS, MAN, AND CYBERNETICS - PART C: APPLICATION AND REVIEWS, VOL. X, NO. X, MONTH YEAR 1

Unleashing the Effectiveness of Process-oriented
Information Systems: Problem Analysis,
Critical Success Factors, Implications

Bela Mutschler, Manfred Reichert, and Johannes Bumiller

Abstract—Process-oriented information systems (IS) aim at the computerized support of business processes. So far, contemporary IS have often fail
to meet this goal. To better understand this drawback, to systematically identify its rationales, and to derive critical success factors for business process
support, we conducted three empirical studies: an exploratory case study in the automotive domain, an online survey among 79 IT professionals, and
another online survey among 70 business process management (BPM) experts. This paper summarizes the findings of these studies, puts them in
relation with each other, and uses them to show that "process-orientation” is scarce and "process-awareness” is needed in IS engineering.

Index Terms—~Process-oriented Information Systems, Business Process Support, Critical Success Factors, Case Study, Online Survey.
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Providing effective IT support for business processes lgas b
come crucial for enterprises to stay competitive in theirkat Process Process
[1]. In the automotive domain, for example, a broad spectrum Diagnosis Implementation
of business processes, ranging from simple administrative
procedures to very complex, knowledge-intense engingerin
processes has to be effectively supported [2], [3]. Similar Process
. . . . . Enactment

scenarios exist in many other domains like e-commerce [4],
transportation [5], or healthcare [6]. In all these casesjain- Fig. 1. Process Life Cycle [7].
specific processes must be defined, implemented, enacted,
monitored, and continuously adapted to a changing context.
Thus, process life cycle suppofZ] and continuous processbusiness process support. We will consider business @oces
improvement adopt a key role in contemporary and futustipport as beingeffective if the following two goals are
enterprise computing. achieved: (1) the cost-effective implementation or custem

The process life cycle (cf. Fig. 1) starts with the (re)detion of processes, and (2) the availability of a technical
sign of a business process. Process modeling and prodefsstructure supporting all phases of the process lifglecy
analysis tools can be used during this phase. Thereaf@ased on this, our empirical work has been guided by the
the business process has to be implemented resulting ifiokowing two research questions:

process-oriented IS. As a typical example consideraauct . Research Question 1 What are the major problems
data m_anagemer(I_PDM) system which offers a broad range leading to ineffective process support by 1S?
g; ?ﬁj'“ﬁ;i;:ggtlg?sdi t?s?pltgyirT/g?vﬂz ?Jr;‘irdgrc;:gim(aet.'g"} Resslgrch gueg,tion 2What are critigal SL;CCGSS factors
engineers, managers, suppliers). Following the impleatiemt enavling © ectlye process support by I_S'
and deployment phase, multiple instances of the implerdente In order_t(_) cope W_lth these_research guestions, we conducted
business process can be created and executed during the eff#€€ empirical studies (cf. Fig. 2): one exploratory caseys
ment phase. Finally, process enactment logs can be analy28d two online surveys. Thease studyvas accomplished in
and mined in the diagnosis phase to identify potentials g€ @utomotive domain. Its goal was to identify major prable
process optimizations. areas derogatm_g the_development and operatpnal use af IS i
This paper focuses on the implementation phase, i.e., tH@ctice. Following this case study, we accomplishedrime
development and maintenance of process-oriented 1S. Wveyamong IT professionals in order to analyze and study

investigate why contemporary IS often fail to provieléective selected findings of our case study in more detail. Finally, w
conducted anothemline surveyamong BPM experts to derive

e B. Mutschler and J. Bumiller are with the Department Proces§fitical success factors for process-c_)riented IS. Whilefittse
Design, DaimlerChrysler Group Research, Ulm, Germany (ematwo studies addresResearch Question, Tthe second survey

{bela.mutschler;johannes.bumillg@daimlerchrysler.com). is associated witlResearch Question @f. Fig. 2).
e M. Reichert is with the Information Systems Group, Unitgref Twente, This work has been conducted in the EcoPOST project
The Netherlands (email: m.u.reichert@utwente.nl). [8], [9], [10]. This project deals with the development of
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| Study 1 > Deriving the Baseline N

NN Due to lack of space, we cannot present all of these 120
1) Steps:  [nformationSources: shortcomings in detail. Instead, we summarize major result
(s pmmnoersn || S oo, along five mainproblem areas
- v o
5 Step 2: Analysis of Process & ! System Handbooks, Pro- | 2 . .
£ { Softars Documentaton } st nsicions. 0. | | |y S « Problem Area 1: Process Evolution. According to our
g l Cace St Resul sS | 2 2 case study, many problems are related to the evolution of
2 ase Study Results: . . . -
g PO — 120(:: - >8 g business processes and their variability. In the analyzed
[ e . Derivation of jortcomings > ritical ltems, = [] . . .
- { and Problem Areas H § Problem Areas S g domain, frequent process changes require the continuous
2\ J v = adaptation of the supporting IS. However, realizing such
hd i} adaptations is a difficult task to accomplish (cf. Problem
| Study 2 > Detailed Analysis of Selected Issues I\ Area 2 and Problem Area 3)
Online Survey: Information Source: o « Problem Area 2: Hard-coded Process Logic. The ana-
. | . i c T A ” ” : :
[sfé‘i';?115(57?2’?%95215;‘;‘.’25;5]ﬁ T o more 3¢ lyzed IS exhibit a "hard-coded” process logic, i.e., praces
) D, logic is hidden in the application code and is not sepa-

{} rately managed, e.g., byworkflow management system
(WfMS). Each time a business process changes, deep
inspections and customizations of source code modules
become necessary. This, in turn, results in large efforts
and inefficient IS adaptations.

- « Problem Area 3: Complex Software Customizing. The
analyzed IS are realized based on standard software
components. Insufficient customization features of these
components also result in an ineffective adaptation of

to model and evaluate the complex economics of process- Process changes. In particular, existing software compo-

oriented IS. In particular, we focus on the interplay betwee  hents lack possibilities to customize process logic at a

techno|0gica|, OrganizationaL and project_specific extbn SUfﬁCiently flexible and detailed level. This Complicates

factors and resulting effects. the alignment of process-oriented IS to organization-
The remainder of this paper is organized as follows. Section ~SPecific requirements.

2 summarizes findings of the case study and details them

based on results of the first survey. Section 3 summarizeBesides these fundamental problem areas, we have iden-

results of the second survey. Section 4 discusses our bvetified two additional problem areas. These are not directly

findings and explains why "process-orientation” is scanee arelated to the development of IS, but can be linked to the

"process-awareness” is needed in IS engineering. Sectiorarfalysis of requirements prior to IS implementation:

shows how we utilized our results in the ECOPOST project.

Section 6 discusses related work, and Section 7 concludes wi | proplem Area 4: Inadequate Business Functions. Our

| Study 3 > Critical Success Factor Analysis ]

Online Survey: Information Source:

Step 5: Cross-organizational i 70 Participants from more |
Survey involving BPM Experts ! than 55 Organizations i

Aaning
puoosg

Z uonsanp
yoieasay

Fig. 2. Three Empirical Studies.

a summary and an outlook. case study reveals that provided business functions do
not effectively support business processes. Many of the
2 PROBLEM INVESTIGATION implemented business functions are never used and are

therefore without any "value”. Other business functions
provide more functionality than actually needed. Also,
business functions which are actually needed for process
support are missing, making the automation of certain
2.1 Deriving the Baseline: An Exploratory Case Study in process activities impossible.

the Automotive Domain « Problem Area 5: Missing Process I nformation. Some of

Over a period of three months we analyze two characteristic the analyzed IS log event-based execution data or status
automotive processes (a release management process and anformation (e.g., related to the start and completion of
data retrieval process) as well as their IT support (e.g., by Process activities). However, the structure of log data
a PDM system with more than 5000 users). We conduct differs from system to system. Hence, keeping track of the
26 interviews with software developers, domain experts, an ~ Processes or mining them generates large efforts (e.g., for
end users. The interviews are based on a predefined, semi- hormalizing available data). In any case, missing process
structured protocol comprising two parts. The first one ad- information makes it difficult to identify possible process
dresses the investigated process, whereas the seconeartd  OPtimizations, process cycle times are longer than needed,
with specific problems of the supporting IS. Besides, we and resources are not allocated in a cost-effective way.
analyze process documentation and organizational hakdboo

Altogether, we collect more than 120 shortcomings related In summary, our exploratory case study has provided initial
to the development and operational use of the investig&ed insight into many practical problems related to the develop
These included both organizational and technological@spe ment and maintenance of IS.

This section summarizes and discusses major findings of our
case study and our first survey.



2.2 A Detailed Analysis of Selected Case Study Findings: Bi2s (1o} 3 tarmely
Results from an Online Survey % D20 (55.32%) > anty party |
) ) g 25 E:07 (08,86%) > no !
In order to investigate the most-relevant results from our = . F:03 (03,80%) > don't know
. e . . £ 1
domain-specific case study in detail, we performed an ad- £ .
ditional (online) survey. Selected results of this surveg a ;10
. . . =) 1
described in the following. 3 ]
Background Information. The survey does not only in- ° ]
. . . 0 1
volve IT professionals from the automotive domain, but also A B c D E F
from other organizations and domains as well, sucpusic Question: Do process-oriented IS provide a

. A . . . sufficient degree of business process support?
services public transportation andsteel industry(cf. Fig. 3).

79 IT professionals (equating to a response ‘raie20.2%) Fig. 4. Degree of Process Support.
from more than 65 companies from Germany, Austria, and
Switzerland have participated.

Most survey participants are IT consultants or softwargolving processes constitutes a problem in practice.448.0
engineers. Others work in the field of IT management or Idf the survey respondents (cf. Fig. 5) answer the question,
controlling. Quality management, project management, amghether their current enterprise IS can be adopted to ewplvi

process design are represented as well. business processes (and therefore to evolving requirsient
quickly enough witmo (2.53%) oronly partly (40.51%). Only
25 . . . .
*Two participants did not answer this question. 253% answer th|S queStIOI’l WIU’ES 2785% W|th|arge|y.
20
2
] A:02 (02,53%) > yes
£15 35 | Bi22 (27,85%) > largely
g C:18 (22,78%) -> indifferent
< @ 30 | | D:32 (40,51%) - only partly
e 10 5 E:02 (02,53%) = no
3 % 25 1 F:03 (03,80%) > don’tknow |
] g
0 4 —
g5 _l ‘E’ 20 |
0 — T T 215
A B CDETFGHI I J KL 3 10
A:01 (01.27%) -> telecommunication G:02 (02.53%) - engineering ﬁ 5
B:22 (27.85%) > IT H:09 (11.39%) - financial sector
C:22 (27.85%) -> IT consulting 1:01 (01.27%) -> energy sector 0 | —|—|
D:04 (05.06%) -> automotive J:01 (01.27%) -> service sector A B c D E E
E:00 (00.00%) -> aerospace K:01 (01.27%) -> industrial research s .
F:03 (03.80%) - pharmaceutical/chemical L:11 (13.92%) - other Question: Can process-oriented IS be adopted to

evolving business processes quickly enough?
Fig. 3. Survey Background Information. Fig. 5. Information System Adaptations.

The questionnaire has been distributed via a Web-based h % of th . h .
delivery platform and comprises 29 questions. Most questio More t anh 90% o tﬁe parfttlupants agree that Eu;mess
are structured, i.e., they provide a predefined set of pmsigroce_sse§ N a:cnggery often often or sometimesin their
answers. Some questions additionally allow to denote ottffganization (cf. Fig. 6A).
than predefined answers. Some questions also allow to denote

multiple answers _(such questions are designated wsithiri 3| @ B Aoz (02507 > voryonen |
the subsequent Figures, e.g., in Fig. 7). g 30 || Ci36 (45,57%) > sometimes |
. .. = D:04 (05,06%) - rarely
Survey Results We first asked the survey participants E2 — E:00 (00,00%) > never
. . . . - F:01 (01,27%) - don’t ki
whether the current degree of process-orientation is ritic § 20 L O o o e f
25.32% of the participants state that ¢Bly partly provide £ :z
a sufficient degree of process-orientation (cf. Fig. 4) 688 % 5
even state that current IS do not provide a sufficient degfee o 0 —1 —
process orientation at all. 29.11% of the participants ictams A B ¢c D E F
. . . Question: How often do business processes
the realized process support neither as problematic nod-as a change in your organisation?
vantageous. Only 32.92% of the participants consider aviail 60
. . . A:54 (68,35%) - increase
business process support as (largely or completely) serftici o 50 , BA18 (22.78%) - indifferent |
. apr . g C:05 (06,33%) -> decrease
One of the problem areas identified during our case study £ 4 D02 (02,53%) > don’t know |
. c
concerns process evolution (cf. Problem Area 1). Survey €,
results confirm that the need to continuously adapt IS to ;20
=
°
1. Mehta and Sivadas [11] describe that response ratesftir@hic surveys % 10
range from 40% to 64%. Bachmann et. al [12] identify respoasesrof 19% 0 I
for email and 46% for mail surveys. Falconer and Hodgett [13ribat . A B c D
reasonable response rates for IS research are likely to heeirrange of Question: Will the frequency of business pracess change

. . . i i ?
10% to 35%. Thus, given the low response rates to IS and emaibysiin increase in future when compared to today?

general, and the large number of 29 questions, we regard $pense rate to __
our survey as acceptable. Fig. 6. Process Changes.



Additionally, 68.35% believe that the frequency of busse.3 Discussion

process changes will increase in future (cf. Fig. 6B).  The results of both our case study and our online survey
We also analyzed drivers for process evolution. Partid®anyn oy that current IS are unable to provide business process
state that t.he need fanqcess opt|m|zat|o(65.82%) is the_reby support as needed in practice. In our case study, we have
the most important driver (cf. Fig. 7). Others aweganiza- jgentified five major reasons for this drawback: (i) continsio
tional engineering49.37%),compliance issueg6.84%), and eyolution of business processes, (i) hard-coded procegs |
market dynamicg49.37%). of the supporting IS, (iii) complex software customization
(iv) inadequate business functions, and (v) missing proces

A:39 (49,37%) - organizational engineering A R
B:37 (46,84%) > | d polici li
T (easar) 3 e o s comelance) information. _ o
D:39 (49,37%) > market dynamics Our survey confirms these problems. Moreover, it provides
E:26 (32,91%) > management order . ) . . .
F:22 (27,85%) - ch: f ent i I
Fi22 Ezs,sz%ieﬁ&"ﬁﬁ&i’lﬂiﬂﬁi.ﬁ;?@ further |ns.|ghts, e.g., |nt.o the drivers of process evqhutpr
60 ) 3 o hardwere techologles | the compliance _of IS with process requ_lre_mentg. Plck_lr_lg up
- 3115 (18.99%) > compatibility with customers Research Question, bur results provide insights into critical
50 - K:08 (10,13%) -> norms and standards . . . A .
Li18 (22,78%) > high process complexity issues aggravating the introduction and operational ug8.of
M:04 (05,06%) -> low user acceptance
40 N:26 (32,91%) > quality program =l
0:00 (00,00%) > don’t know
P:02 (02,53%) -> others

— 3 CRITICAL SUCCESS FACTOR ANALYSIS

In order to derivecritical success factoréCSF) for achieving
effective business process support @esearch Question)2
= we have conducted a second online survey. As we want

ABCDEFGHI1I JKLMNOP
Question: What are factors leading to business processes evolution?

N
o
L

absolute nominations
w
o

=
o
L

o

to identify success factors from a business process support
perspective, only BPM experts have been involved in this
Fig. 7. Drivers of Evolution*. survey. This section gives background information aboist th

. ) ) i survey, presents major results, and discusses them.
Besides, we also investigate the problem of inadequate

business function support in more detail (cf. Problem Area i

4). 45.57% of the respondents share the opinion that bussindg:  Background Information

process requirements (specifying which business fungtisa We performed our second survey over a period of two months

to be implemented) must be considered when developing iar2006. Like the first one, it was distributed via a Web-based

IS (cf. Fig. 8A). questionnaire. The number of 70 participants correspomds t
response rate of 26.21%. Fig. 9 gives background informatio

ey @ ASS (@557%) Syes Ll about survey patrticipants.
230 Cr (onabe > mrerene The questionnaire is based on a profound literature study on
£25 B0t ot v 3 omy party 8 critical success factor@CSF) for IS implementation in general
gig F:01 (0127%) > don’t know (cf. Section 6) as well as on the results of the case study and
310 our first online survey.
G |

0 A B C D E F

3.2 Survey Results

Question: The requirements and needs of the business
processes should be considered when developing
respectively customizing process-oriented 1S?

Basic to the surveyis the distinction between organization,

50 project-, and technology-specific CSFs.

0 N % . . _ .pe . .-

S0/ @ e R ey (_)rganlzat_pn specific Crltlgal SU(_:cess Factor.sOrga_nl _

g C:15 (18,99%) - indifferent zation-specific CSFs deal with attributes of an organimatio

€ 30 D:13 (16,46%) -> only partly . .

2 E00 (0000%) > no that bias the development of process-oriented IS. As an

@ 20 | F:02 (02,53%) > don’t know . i X o )

E example considedomain knowledgand its positive impact

g10 ] on the redesign of business processes. Another example is
0 A 5 c 5 E ; provided byorganizational process matl_JritProcess maturity _

Question: The requirements and needs of the business can be assessed by dedicated maturity models that describe

processes are currently considered when developing

respectively customizing process-oriented 17 characteristics of effective process organizations. Eptasnare

the capability maturity model integratio(CMMI) [15] or the
Fig. 8. Considering Process Requirements. software process improvement and capability determimatio

) ) (SPICE) model [16]. If the process maturity of an organizati
41.77% state that respective requirements should be congid low, it will be more difficult to implement (optimized)

ered if possible. Therewith, 87.34% of the participantseexp p,siness processes.

busin_ess process requirements _to _be_ considered when implgy, our surveyend user participatiorf47.14%) andiccess to
menting an IS. However, and this is important, only 62.02%quired information(42.86%) are those organization-specific

of the participants acknowledge that respective requirée csrs that aggregate most nominations as “essential factor”
are indeed yes and largely) considered when developing 1S

(cf. Fig. 8B). 2. We have described the complete findings of this survey i [14



45 | @ A:46 (65.71%) > university
40 1 B:04 (05.71%) - industrial research
2 a5 C:12 (17.14%) - industrial
2 1 D:00 (00.00%) - don’t know
230 E:08 (11.43%) > other
£ 25
o
< 20
Q
5154
210
® 5
0 I
A B C D E
Question: What is your background?
30
@ A:25 (35.71%) > >5 years
25 | B:20 (28.57%)~> >3 years
@ C:16 (22.86%)~> >1 year
220 D:07 (10.00%)-> <1 year
s E:02 (02.86%)-> don’t know
E 154
c
Q
5 10
2
a 5
0 t
A B C D E
Question: How long are you working in the field of BPM?
40
35 | ( : ) A:16 (22.86%) -> expert knowledge |
B:36 (51.43%) - good knowledge
2 30 I C:12 (17.14%) > some knowledge -
S D:05 (07.14%) - little knowledge
g 25 [ E:00 (00.00%) > no knowledge
‘E 20 || F:01 (01.43%) > don’t know g
4]
<
o 15
5
©° 10
[
| 54 —|
0 1 —
A B c D E F

Question: How would you rate your own knowledge regarding BPM?

Fig. 9. Survey Background Information.

Organization-specific
Critical Success Factors

(shows the mean
for each factor)

© unimportant

\

Experiences in using BPM technology

——~-n very important

Ability to redesign/reengineer business processes

Reorganization of information

Domain knowledge

End user participation

Access to required information

Organizational process maturity

Availability of process documentation

san|eA ues|\

Mature technology infrastructure

Ability to adapt the IT governance

Fommmm e __ L ___ . important

Fig. 11. Organizational CSFs (Means).

CSFs deal with project-driven attributes which influence th
development of process-oriented 1S. As examples consider
factors such aknowledge about existing processmsaccess

to required skills

absolute nominations
N
a

-
15+
104 |. |
o Ml '|| '|| i1 i

Q1 Q2 Q3 04 Q5 Q6 Q7 Q@8 Q9 Q10 @11 Q12 Q13

(cf. Fig. 10). Factors that are considered as "very impadttan
are as follows:rreorganization of informationavailability of
process documentatioability to redesign business processes
andthe ability of an organization to adapt its IT governance

In order to better understand the relevance of the analyzed
evaluation factors, Fig. 11 shows the mean for each CSF.

[ A > essential [l B - very important [JC - important [JD - unimportant [JE - don’t know

A B c D E
35.71%) (31.43%) (20.00%) (01.43%) (11.43%) -> Overview of existing processes
32.86%) (37.14%) (18.57%) (01.43%) (10.00%) > Knowledge about existing processes
25.71%) (31.43%) (32.86%) (00.00%) (10.00%) -> Information about existing processes
11.43%) (21.43%) (44.29%) (08.57%) (14.29%) -> Evolutionary process redesign
04.29%) (18.57%) (44.29%) (15.71%) (17.14%) -> Revolutionary process redesign
02.86%)

(45.71%,
67.14%;
15.71%,

30.00%) (12.86%) (01.43%) (10.00%) -> Communication with end users
15.71%) (05.71%) (01.43%) (10.00%) -> Management commitment
32.86%) (40.00%) (02.86%) (08.57%) -> Use of process modeling tools

35

w
=]

o

a o NN
[

=)

absolute nominations

|“|r||rllnn

Q Q2 Q@3 Q4 Q@5 Q6 Q7 as 09 Q10
Ml A > essential [l B > very important [J ¢ - important [JD = unimportant [JE - don’t know

o o

A B Cc D E

(22.86%) (25.71%) (41.43%) (01.43%) (08.57%) > Experiences in using BPM technology
(34.29%) (38.57%) (20.00%) (00.00%) (07.14%) -> Ability to redesign business processes
(18.57%) (48.57%) (24.29%) (01.43%) (07.14%) -> Reorganization of information
(32.86%) (37.14%) (12.86%) (05.71%) (11.43%) -> Domain knowledge

(47.14%) (30.00%) (15.71%) (01.43%) (05.71%) > End user participation

(42.86%) (32.86%) (17.14%) (00.00%) (07.14%) -> Access to required information
(12.86%) (37.14%) (32.86%) (10.00%) (07.14%) -> Organizational process maturity
(14.29%) (28.57%) (44.29%) (07.14%) (05.71%) -> Availability of process documentation
(10.00%) (24.29%) (44.29%) (12.86%) (08.57%) -> Mature technology infrastructure
0(17.14%) (28.57%) (35.71%) (10.00%) (08.57%) > Ability to adapt the IT governance

Question: Evaluate the following ORGANIZATION-specific critical
success factors regarding their importance for the use of BPM technology.

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q1

Fig. 10. Organizational CSFs.

Q11 (25.71%) (34.29%) (28.57%) (02.86%) (08.57%) -> Adequate planning
Q12 (22.86%) (37.14%) (27.14%) (02.86%) (10.00%) > Access to required skills
Q13 (38.57%) (32.86%) (18.57%) (01.43%) (08.57%) -> Motivation for the project

Question: Evaluate the following PROJECT-specific critical success
factors regarding their importance for the use of BPM technology.

( )
( )
( )
: :
(20.00%) (45.71%) (12.86%) (18.57%) -> Degree of job redesign
( )
( )
( )
( )
)
)

( ) ( )
( ) ( )
( ) ( )
( ) ( )
(0250% (250
Q7 (20.00%) (41.43%) (17.14%) (02.86%) (18.57%) > End user fears
( ) ( )
( ) ( )
( ) ( )
( ) ( )
( ) ( )
(

Fig. 12. Project-specific CSFs.

According to our survey (cf. Fig. 12management commit-
ment (67.14%) andcommunication with end usefg¢5.71%)
aggregate most nominations as "essential” project-specifi
factors. Several other CSFs are considered as "very imputrta
including degree of job redesigrinformation about existing
processesandproject motivation Fig. 13 shows the mean for
each CSF.

Technology-specific Critical Success FactorsTechnolo-
gy-specific CSFs deal with the technical infrastructure for
developing and maintaining IS. As an example consider the
degree of flexibilityprovided by an IS (e.g., regarding its ability
to allow for dynamic process changes at run-time; cf. Proble
Area 1). Another example is the use sthndardsfor process

Project-specific Critical Success FactorsProject-specific specification (e.g., BPMN, WS-BPEL, BPML).



Note that the number of survey respondents giving no
answer (i.e., denoting "don’t know") does only slightly yar
along the analysis of technology-specific CSFs (cf. Fig- 14)
This indicates that some survey participants might not have
been able to interpret the listed CSFs. Fig. 15 shows the mean
for each CSF.

Project-specific Critical
Success Factors

(shows the mean

-
c
S
t
o
=%
£
for each factor) s

Y

Overview of existing processes
Knowledge about existing processes

Information about existing processes

Technology-specific
Critical Success Factors

Evolutionary process redesign

Revolutionary process redesign
(shows the mean

for each factor)
Degree of job redesign )

© unimportant

End user fears
Technical maturity of the BPM platform

Communication with end users
Experiences using the BPM platform
Management commitment

Available support for the BPM platform
Use of process modeling tools

san|eA ues\

Supported degree of process flexibility
Adequate planning

Access to required skills Availability of developing tools

ST . __ . important
- AT N\ A _ % __-___ N very important
essential

———— - _____ . important

Motivation for the project Support of standards and norms

Fig. 13. Project-specific CSFs (Means). rowloenss coses

Good documentation

Regular product updates

san|e) Uesp\

Finally, consider the availability ofdevelopment tools
Recently, business process intelligend¢8PI) tools [17] are
often discusses in this context. BPI tools analyze evesédba Usability of the BPM platform
process execution data (e.g., start and completion times of
process activities, resources consumed by a processtgctivi

process cycle times). Fig. 15. Technological CSFs (Means).

Model-driven application development

Fe—mmm— s m e _ ___ ___ N very important
w essential

Powerful application programming interface

w
S

N
ha

N
S

. '. 3.3 Discussion

Based on the results of the second survey, we anBesearch
Question 2(cf. Section 1). Thereby, it seems hardly possible

[ ‘I il
I |I| |I| Ilr Ill |Ir I I IIr to consider all technology-specific CSFs when introducing a

absolute nominations
a o
o o

]

[E
Q1 Q2 Q3 Q4 Qs Q6 Q7 Qs Q9 Q10 Q11 Q12 H H
B > essental B8 > very important [ > important [10 5 uimportant [ > don' know IS. In any case, these CSFs represent a validated baseline
A B ¢ o for enterprises that want to increase the effectivenesheif t
12.86%) (31.43%) (38.57%) (04.29%) (12.86%) > Technical maturity of the BPM platform H
g; E10.oo%; 531‘43%; z35‘71%; §11.43%; z11 43%; > Eiﬁer.::ce:uz.:; the BPM pla‘:f:r:l prOCGSS-OrIentEd IS.
12.86%) (35.71%) (32.86%) (07.14%) (11.43%) > Availabl rt for the BPM platfe . . . . . .
&% (12:86%)(40.00%) (27 14%)(08.57%) (1143%) > Supported degree of process flexbilfy Basic to our survey is the distinction between organization
Q5 (07.14%) (34.29%) (34.29%) (08.57%) (15.71%) - Availability of developing tools . e . .
Q6 (14.29%) (27.14%) (32.86%) (14.29%) (11.43%) -> Support of standards and norms , project-, and technology-specific CSFs. It is possible to
Q7 (04.29%) (12.86%) (35.71%) (34.29%) (12.86%) - Low license costs . . . .
Q8 (17.14%) (38.57%) (27.14%) (04.29%) (12.86%) > Good documentation categorize CSFs in another way (e.g., using more technical
Q9 (05.71%) (12.86%) (38.57%) (30.00%) (12.86%) > Regular product updates . . . .
Q10 (05.71%) (27.14%) (37.14%) (15.71%) (14.29%) > Model-driven application development categories). We consider the chosen categorization asdse m
Q11 (20.00%) (37.14%) (27.14%) (04.29%) (11.43%) > Usability of the BPM platform . . . . e
Q 12 (04.20%) (31.43%) (32.86%) (17.14%) (14.29%) > Powerful application programming interface useful one. In particular, it provides an intuitive baselihat
Question: Evaluate the following TECHNOLOGY-specific critical success can be eas"y understood by IT professiona|s (induding our

factors regarding their importance for the use of BPM technology.

survey participants).
Fig. 14. Technological CSFs. To ensure internal validity of our survey results we have
developed the questionnaire based on the results of the pre-
Interestingly, none of the listed technology-specific CSksding case study and online survey as well as on a literature
is considered as essential by the majority of the surveyudy on CSFs for IS implementation (cf. Section 6).
respondents (cf. Fig. 14}500d documentatiofl7.14%) and  To increase external validity, only BPM experts may par-
usability (20%) get most nominations as "essential factorsticipate, i.e., we exclude answers of respondents having no
Moreover, these two factors are considered as "very imptrta”process background” since the "assumed answers” of these
by many survey participants (38.57% and 37.14%). participants would falsify results. In this context, it iss@
Several CSFs are considered as "very important” or "imimportant to mention that the survey questionnaire hasvalib
portant”. These CSFs includavailable vendor support for a to denote other than the predefined answers. However, this
BPM systerrand availability of suitable development tools opportunity was not used.



A:31 (39,24%) -> Workflow management systems
4 l MPLICATIONS B:22 (27,85%)-> BPM systems
C:17 (21,52%) -> Enterprise application integration

Based on results of otirst survey, we take a closer look at the D:29 (36,71%) > Service-oriented architectures
i i i ~0ri ¥ E:12 (15,19%)-> Rule-based systems
dlssemlnatlon of process om_anteq software technologies Tt 30307 Pracae
explain why "process-orientation” is scarce and why "pssce G:21 (26,58%) > Knowledge and enterprise portals
[ . . H:21 (26,58%)-> Data warehousing technologies
awareness” is needed in practice. 1:23 (29.11%)~> Business intelligence

J:26 (32,91%) > Web services

K:17 (21,52%) - Collaboration tools
) i L:16 (20,25%)-> Don’t know

4.1 Process-oriented Software Technologies M:04 (06,06%) > Others

w
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N W
g o
L

In recent years, many process support paradigms (e.g.-work
flow management, service orchestration and service chaeog
phy, case handling), process specification standards &S
BPEL, BPML, BPMN), and BPM tools (e.g., ARIS Toolset,
Tibco Staffware, FLOWer) have emerged [18]. Their goal is

N
o
L

=
o o
‘ ‘
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to realize effective IT support for business processes.uin o 5] ]

1 i i i i i 0

first survey, we have mve_stlgated the dissemination of these AB CDEFGH I JKLm

approaches in more detail. Question: Which software technologies are
63.29% of the respondents confirm the useW#MS (cf. planned to be used in your organization in the future?

Fig. 16). 36.71% even deploy more comprehensiBieM Fig. 17. Technologies used Tomorrow
systems53.16% of the respondents confirm the (exploratory)g' ’ 9 '
use ofweb services32.91% already set up completervice-

oriented architecturesEnterprise application integratioplat-

forms (e.g., to enable process integration) are applied K @ccomplish. The currently realized degree of "process-
39.24% of the respondents. orientation” in IS is by far not satisfactory. By contrast,

These results do not allow for any conclusion regardirg'terprises more and more crave for approaches that enable
the extent to which enterprises use a respective technolo§}m to improve their business process performance. Reflect
Nevertheless, the increasing importance and use of procd&§ the aforementioned results, we conclude that conveatio

oriented software technologies is indicated. process-oriented IS are scarce. What we need instead, are
process-aware IFPAIS), i.e., IS that support all phases all
A:50 (63,29%) -> Workflow management systems of the process life CyCIe'
B:29 (36,71%) - BPM systems : : .
C:31 (39,24%) -> Enterprise application integration PAIS can be Implemented In two WayS [18] (1) by de'
D28 gf‘g;j; :’)gigi_gz:’;;e:;es‘:;;ghite“‘"es veloping an organization-specific process support system,
F:25 (31,65%) -> Process portals (2) by configuring a generic process support system. In the
G:53 (54,43%) -> Knowledge and enterprise portals f . e ” .
H:36 (45,57%) - Data warehousing technologies ormer case, the PAIS is build "from scratch” and incorpesat
" L2 a0 3 e o e igence ~ organization-specific information about the structure prat
K21 Egg;gj; 3 Collaboration tools cesses to be supported. As an example considentarprise
g0 M:03 (03,80%) > Others I resource plannindERP) system. In the latter case, the PAIS
© 40 1 does not contain any information about the structure and the
Ea0 | processes of a particular organization. Instead, an azgton
c — . . . .
2.0 needs to configure the PAIS by specifying processes, organi-
=] 1 . oy . . .
© zational entities, and business objects. As an examplddams
107 the configuration of a WfMS.
0 A B CDEFGH Il J Kim In any case, PAIS strictly separate process logic (comuyisi
Question: Which software technologies are the activities to be executed) from application code [19],, i
used in your organization today? PAIS are driven by process models rather than program code.

PAIS are realized based on powerful process engines which
orchestrate processes at run-time [20]. These procesaesngi
also provide extensive libraries of process-orientedtions at
uild-time, e.qg., for accomplishing automatic procesdyasis
based on BPI tools). Empirical studies [21] confirm that

. ; PAIS enable the fast and cost-effective implementation and
0, -
most frequent answers awifMS (39.24%),services-oriented customization of new and of existing processes (cf. Problem

architectures(36.71%),web serviceq32.91%), andprocess
S S . 7. Areas 2 + 3).
portals (30.38%). This indicates a continuing dissemination . L . - '
Realizing PAIS also implies a significant shift in the field

of process-oriented software technologies. ; X . . .
of IS engineering. Traditional IS engineering methods and
paradigms (e.g., procedural programming) have to be supple
4.2 Process-aware Information Systems mented with engineering principles particularly enhagdine
Our empirical studies (cf. Fig. 18) indicate that providingperational support of business processes. This is cricted
effective business process support by IS is a difficult taslp to those requirements that have been neglected by current

Fig. 16. Technologies used Today*.

In order to investigate the sustainability of this trend, w
have asked survey participants about which process-eden
software technologies they will use in future (cf. Fig. 1Vhe



Research Question 1: What are the major problems leading to ineffective process support by IS?

A
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[ Paz | [Pas |
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~
Research Question 2: What are CSFs enabling effective process support by IS?

Fig. 18. Three Empirical Studies: The Big Picture.

process-oriented IS so far. However, such a shift is difficul Example. Fig. 19 shows a model which describes the
to accomplish as IS projects often use software techndogiafluence of an impact factor "End User Fears” on a cost factor
— at least today — that do not support the needed degree’©bsts for Business Process Redesign”. More specificdlly, t
process-orientation. model reflects the assumption that the introduction of a PAIS
may cause end user fears, e.g., due to job redesign and due
to changed social clues. Such fears can lead to emotional
resistance of end users. This, in turn, can make it diffiault t

In the EcoPOST project, we are developing a framework fget needed support from end users, e.g., during an interview
modeling and investigating the complex interplay betwéd®n tbased process analysis.

numerous technological, organizational and projectedrigost

5 UTILIZING OUR RESULTS IN ECOPOST

and impact factors which arise in the context of proces Tilustrating Example: Analyzing the Role of ,End User Fears"
oriented IS and PAIS (and which do only partly exist in Ability to redesign 4
Degree of Business  *——_ Apiity to

projects dealing with data- or function-centered 1S). S— e B
Costs for business process redesign, for example, may be

Knowledge
influenced by an intangible impact factor "Willingness o&fbt ¥ / /

Job Redesign
Members to support Redesign Activities”. If staff members + End User
do not contribute to a redesign project by providing needed / Pt & 3~ Emotional

information (e.g., about process bottlenecks), any regdesi vaiiastea  ReSistance of

validated End Users
Change of

effort will be ineffective and will increase costs. If staff Sodial Clue and +

willingness is additionally varying during the redesigriwity interactons

(e.g., due to a changing communication policy), business Costs for Business  Emseaty G L
process redesign costs will be subject to more complextsffec Process Redesign s

Fig. 19. Modeling the Impact of User Fears.
5.1 Motivating Example
In order to make the dependencies and the interplay betweemasic to this evaluation model is a cyclic structure (or
technological, organizational and project-driven fast@x- feedback loopconnecting the four factors "End User Fears”,
plicit in the EcoPOST project, we have developed the notidEmotional Resistance of End Users”, "Ability to acquire
of evaluation model§l0]. These models are formulated usindg’rocess Knowledge”, and "Ability to redesign Business Pro-
the System Dynamicsotation [22]. In addition, they can becesses”. Their arrangement illustrates the following cehee:
simulated in order to unfold the dynamic behavior describéncreasing end user fears lead to increasing emotionas-resi
by them. In the following, we abstract from formal andance of end users. This dependency is represented by a "pos-
technical details regarding our evaluation models. Istea itive link” from "End User Fears” to "Emotional Resistance
show how we validate our evaluation models based on th&éEnd Users” (cf. Fig. 19).
present survey results along an example. In our evaluation models, positive linkbetween variables x
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a

and y (with y the dependent variable) indicates that y tends i @ A20 (28.57%) > very critical
. . . . . . B:32 (45.71%) > critical ul
the same direction if a change occurs in x. A negative link, by C:06 (08.57%) > negligible
. . . . D:04 (05.71%) - not critical =
contrast, would denote that y tends in the opposite directio E:08 (1143%) > don't know
Returning to our example, an increasing emotional resis-
tance of end users may result in a decreasing ability to ac-
quire process knowledge. Reason is that increasing enabtion
resistance makes profound process analysis, e.g., based on
interviews with process participants, a difficult task tc@o-
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o
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A B C D E
pllSh This causal dependency is represented by a negative Question 1: How critical are end user fears for the success
. _ » . . » of a BPM project / for introducing BPM technology?
link pointing from "Emotional Resistance of End Users” to o
"Ability to acquire Process Knowledge”. @ A:49 (70.00%) > yes
50 A B:06 (08.57%) > no H

C:15 (21.43%) > don’t know

The inability to acquire process knowledge, in turn, may
result in a decreasing ability to redesign business presqss
needed information is missing). Finally, an increasinditgbi
to redesign business processes can even enforce end user
fears. Reason is that end users often consider businesssproc 10 ]
redesign activities as a potential threat for their own job. 0

Note that the variable "End User Fears” is not only influ- A B c
enced by the "Ability to redesign Business Processes”, but e o emetional rouistanes agams: BPM teamoiooyt "
by other variables as well, e.g., the expected "Degree of Job 45
Redesign” or the "Change of Social Clue and Interactions”. 40 @
Moreover, "Communication” can decrease end user fears, e.g 22 E0z (04000} 3 dontinow
by informing end users about the goals associated with the 25 UF-EndUserfears
introduction of a PAIS. This is described by a negative link
pointing from "Communication” to "End User Fears”.

Model Validation. Such evaluation models (cf. Fig. 19) are
of significant value for PAIS engineers. They can be used, for 0
example, as a starting point for building more complex eval-
uation models enabling the performance of cost simulations -
[23], or as a means for clarifying causal dependencies irSPAI (D) B33 (42 0d%) > strang
engineering projects. 201 Biod §§§§§;§§:’wﬁk

However, the expressiveness of such evaluation models — =
depends on the availability, plausibility and resiliendedata
supporting the modeled causal dependencies. One appmach t
derive such data is the accomplishment of both empirical and
experimental research activities (e.g., software expamis) 0 | 1
online surveys, case studies). A B c o B

Taking the results of our second online survey (cf. Section Question 4: Howsirong s he specfied impactof (s refatonship?
3), for example, we can validate some of the causal depefig. 20. The Impact of End User Fears.
dencies from the evaluation model in Fig. 19.

40

30 A

20

absolute nominations

3.67%) - increasing UF - increasing ER | |
4.08%) -> increasing UF - decreasing ER

6.12%) > increasing ER > increasing UF
0:00%) -> increasing ER-> decreasing UF [

20 A
15
10 4

absolute nominations

——1 I
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Question 3: What is the direction of this relationship?

15

10

absolute nominations

5.2 Empirical Model Validation Dealing with End User Fears Consider Fig. 20. A majority
In the second online survey we analyzed, for example, tﬂé74'28% of the participants consider end user fears agy "ver

causal dependency between "End User Fears” and "Emotiofidfical” (28.57%) or "critical” (45.71%) for the overallgcess

resistance of End Users” as well as the dependency betw@&r BPM project (cf. Fig. 20A). More specifically, 70% of

"Communication” and "End User Eears”. the respondents confirm that there is a relationship between

For this purpose, we use a four-step sequence of questiGig USer fears and the emotional resistance of end users
to derive data. First, we ask for thelevanceof a given factor 2dinst BPM technology (cf. Fig. 20B). This confirms the link

(Question 1). Second, we want to know whether there exist§"‘;"ttv"e"ef1 "Epd User Fears” and "Emotional Resistance of End
causal dependendyetween this factor and another one (Queé'!Sers in Fig. 19.

tion 2) On|y those survey participants — and this is |ml:nm'ta What is still not clear at this pOint is the direction of the
for understanding related results — who answer this secot@iisal dependency — there are several possibilities in this
question with "yes” are directed to two additional quessionrespect (cf. Fig. 19). However, the semantics of the link can
These additional questions deal with the further speciinat Pe clarified based on the next question.

of the previously confirmed dependency. Question 3 deals83.67% share the opinion that increasing end user fears
with the semantic specificationf the dependency, whereagesult in increasing emotional resistance (cf. Fig. 20Q)isT
Question 4 addresses tegengthof the impact. confirms that "End User Fears” and "Emotional Resistance of



End Users” need to be connected with a positive link pointirdescribe organizational domains which are affected by a

from the former variable to the latter one. WIMS. In his qualitative study [33], Kueng also investigates
Finally, 89.8% of the respondents state (cf. Fig. 200je impact of WMS on organizations.

that the impact of end user fears on emotional resistanceDavenport [34] deals with only one CSF, namely the ability

is either "very strong” (42.86%) or "strong” (46.94%). Thisof an organization to align its IS to business processes and

information helps us to quantify the causal dependency whbusiness strategy. Baroudi et. al [35] investigate the ohpé

we simulate the evaluation model. user involvement on IS usage and information satisfaction.
Dealing with Communication. In the evaluation model Their results demonstrate that user involvement during 1S

from Fig. 19, we assume that increasing communicationtesulievelopment will enhance system usage and user satisfactio

in decreasing end user fears. 92.86% of the survey pantitspaTheir results also show that growing user satisfactionltesu

consider communication between the stakeholders of a BRiMgreater system usage.

project as "essential” (47.14%), "very important” (35.71% All these studies have been considered when conducting our

or "important” (10%) for its success. Furthermore, 78.57%mpirical research. In particular, the work of Parkes [88]]

of the respondents confirm that there is a causal dependeheg contributed to the design of the questionnaire for o se

between communication and end user fears. Out of thesad survey. However, none of these studies distinguishes be

74.55% are the opinion that an increasing communicatitween organization-, project-, and technology-specifatdis

results in decreasing end user fears. This confirms that “Cofthough Parkes [30], [31] distinguishes between orgaiumat

munication” and "End User Fears” can be connected withand technological factors).

negative link pointing from the former variable to the latte

one. Finally, 85.45% of the respondents consider the impagt g mMARY AND OUTLOOK

of communication on end user fears as either "very stron . . .

(29.09%) or “strong” (56.36%). This information helps u wo research questions (cf. Section 1) have guided the em-

when specifying a corresponding EcoPOST simulation mo(%rlcal research presented in this paper. In this contex, w
for this evaluation model.

ave conducted three empirical studies: an exploratorg cas
These results exemplify how we utilize survey results fosftudy in the automotive domain and two cross-organizationa
validating (or deriving) ECoOPOST evaluation models.

online surveys. The case study and the first survey enable
us to identify and analyze major problems related to the

development, maintenance and operational use of process-
6 RELATED WORK oriented IS (cf.Research Question)1The second online

There exist several studies dealing with CSFs for implgurvey deals with CSFs for building better, i.e., more efiec

menting IS, mainly in the context of ERP systems. Yusuffocess-oriented IS and/or PAIS (&esearch Question2
et. al [24], for example, investigate the introduction of an e have also discussed potential implications of our find-
ERP system in a large manufacturing organization. This wolRdS to the field of IS engineering. In particular, we have-ind
focuses on technological and cultural CSFs and compaf&d€d that mere “process-orientation” is scarce, but ‘gsse
expected benefits of the realized ERP system with its act@jyareness” is needed in practice. In this context, we have
ones. Vogt [25] analyzes failed ERP projects and identifi@SC given a short characterization of PAIS. Finally, weehav
_ from a software engineering viewpoint — factors Whicﬁlescrlbe(_j th_e ut|I|zat|(_)n of our results to validate causa
help to avoid such failures. A similar study is described pjendencies in evaluation models of the ECOPOST framework.
Voordijk [26], who investigates ERP implementations irgiar ~ Altogether, this paper provides insights into importastiss
construction firms. Mandal et. al [27] describe experienc@§d challenges related to the introduction and use of IS in
gathered during during the planning and implementatiogesta practice. It helps both IT profeSS|onaIs and researcher.s to
of an ERP implementation in a water corporation. Danewder_stand those factors _that can improve the operational
and Wieringa use a “success model” for reasoning abdtffectiveness of process-oriented IS. _ _
the factors enabling successful ERP implementations [28].Future work will include additional case studies, online
Focusing on risk factors, Sumner [29] investigates the redrveys, and controlled software experiments to genexie a
engineering of processes prior to an ERP project. Discussiiional data we can use for validating our evaluation medel
issues imply the recruiting and training of IT professiaahe Finally, we will investigate the impact of agile software
involvement of consultants, and the integration of apgiie  d€velopment processes on the realization of PAIS.
specific knowledge and technical expertise into the project
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