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Abstract e RQ#2 What are the rationales for these problems?

Several studies have indicated that existing IS (IS) often *® RQ#3: What are C”.t'.cal success factors which help to
fail to provide adequate business process support. To sys-  ©overcome the identified problems?
tematically identify the reasons for this drawback, we con-
ducted a case study in the automotive domain and a survey
among 79 IT practitioners. This paper presents the findings

of this empirical research and explains why mere "process-  The analysis and discussion of these research questions
orientation” (regarding business process support) is ear s reflected by the structure of this paper. Section 2 shortly
sketches the research methodology underlying our empiri-
cal research. Section 3 presents the findings of a case study
we conducted in the automotive domain, and amends them
1 Motivation with results of a cross-organizational survey among 79 IT
practitioners. Both activities were accomplished to iden-
tify and analyze shortcomings and problem areas related
to the development, maintenance and operational support
of process-oriented IS (RQ#1 and RQ#2). Based on these

e RQ#4: What is needed from the perspective of IS en-
gineering to provide more effective process support?

Effectively managing the flow of work within their or-
ganization is crucial for enterprises. One critical susces
factor in this context concerns the alignment of informatio

: . empirical results, Section 4 derives critical successofact
systems (IS) and business processes [6]. In the automotlvefor process-oriented IS (RQ#3). Section 5 shortly discsisse
domain, for example, a broad spectrum of processes rangin |

- : . "Qur findings from a practical perspective and explains why
from administrative procedures to knowledge-intense-engi " . o : ) .
mere "process-orientation” is scarce in today’s IS enginee

neering processes has to be supported by IS. As a typical exi'ng (RO#4). The paper concludes with a summary and an
ample, consider a product data management (PDM) system . :
. ) . outlook in Section 6.
which usually offers a broad range of business functions for
the integrated support of engineering processes and produc
data management. 2 Reseal’Ch MethOdOIOgy
However, many contemporary enterprise IS fail to pro-
vide adequate business process support. The reasons for This section illustrates the design of our empirical re-
this drawback are manifold. To systematically identify the search (cf. Fig. 1). In particular, it consists of two sepeda
reasons for this drawback, we conducted a case study in thestudies: a case study and a survey.
automotive domain and a survey among 79 IT practitioners. We conducted a case study in the automotive domain
In particular, it was our goal to identify shortcomings that over a period of three months across several engineering
derogate the development, maintenance, and use of processlepartments. This case study focused on the identification
oriented IS in practice. Our empirical research has beenof shortcomings hampering the effective support of a major
guided by four research questions: automotive business processes. Altogether, we conducted
26 formal interviews and additionally analyzed documen-
e RQ#1: What are major problems leading to inadequate tation such as handbooks, guidelines, and process instruc-
business process support in I1S? tions. The case study resulted in a list of more than 120



Step #1: interviews with domain | | engineers, draw checkers, A signwere named as well.

oxpensendt® “1”5 foomennes o The questionnaire was distributed via a web-based de-

Ston 72 e of v S livery platform. It included 29 questions. Most questions

process & software documentation || cess instructions, efc. i were structured, i.e., provided a predefined set of possi-
v % ble answers. Some questions also allowed for other than

e ICENR, | 120 crice) e, o the pbrede]l‘ined answers or 7fgr multiple answeiEhe total

number of responses was 79.
Step #4: cross;_ortar}izationa: | '7h9 pasrgcipetmts from more
survey among IT professionals an 65 enterprises v 3 anary Emp|r|ca| F|nd|ngs

A
Step #5: critical success factor
analysis

This section presents the aggregated results of the case
study and the survey described in Section 2. In particular,
we identify and discuss five problem areas (PA#1 to PA#5)
that affect the effective development, maintenance and use
of process-oriented IS:

——— > Section 4

Figure 1. Research Methodology.

shortcomings negatively affecting the efficiency and the ef
fectiveness of the examined process. As the presentation o
all items is neither possible (due to space restrictions) no
reasonable (as most items are very specific), we generaliz
the results and abstract from the list’s level of detail.
Analyzing the case study results, we wanted to see
whether our findings are representative for enterprise IS in

general. Thus, we decided to additionally perform a survey mhore detail in oudlsurvey F'r?t' the SUV"le_y confirms that
in order to put the findings of the case study on a more reli- € continuous adaptation of IS to evolving requirements

able and broader basis. This survey did not only involve IT CONStitutes a problem. Second, 43.04% of the survey partic-
professionals from the automotive industry, but from other IP2Nts (Cf. Fig. 3) answer the question whether their carren
organizations and domains as well. Altogether, 79 IT prac- enterprise IS can be adopted t‘? evolving bu.smess processes
titioners from more than 70 companies all over Germany, (and therefore to evolving requirements) quick enough with
Austria, and Switzerland participated. Figure 2 shows the O (2-53%) orrather no (40.51%). Only 30.38% answer

differentindustry domains the survey participants befmg S duestion witlyes(2.53%) orrather yes(27.85%).
Other named sectors inclugeiblic servicespublic trans-
portation andsteel industry

¢ PA1: Process Evolution Thecase studyevealed that
many problems are related to the evolution of processes and
éheir variability across different car lines. This necessis
the continuous adaptation of the IS and, consequently, the
business process implementations.

We analyzed the phenomenon of process evolution in

A:02 (02,53%) > yes
B:22 (27,85%) - rather yes

C:18 (22,78%) -> indifferent
_~ D:32 (40,51%) -> rather no
C:02 (02,53%) = no
304 D:03 (03,80%) -> don'tknow |
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Question: Can enterprise information systems be adopted to
evolving business processes sufficiently fast?
O—f
A B CDEF GH I J

A:01 (01.27%) -> telecommunication G:02 (02.53%) -> engineering
B:22 (27.85%) > IT H:09 (11.39%) - financial sector
C:22 (27.85%) - IT consulting 1:01 (01.27%) -> energy sector
D:04 (05.06%) -> automotive J:01 (01.27%) -> service sector
E:00 (00.00%) -> aerospace K:01 (01.27%) -> industrial research
F:03 (03.80%) -> pharmaceutical/chemical L:11 (13.92%) -> other
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Figure 3. IS Adaptations.

More than 90% of the participants agree that business
processes within their organization changey oftenoften
or sometimegcf. Fig. 4A). Additionally, 68.35% believe
that the frequency of business process changes will inereas
in future (cf. Fig. 4B).

We further analyzed potential drivers for process evo-
lution in more detail. Participants state that tieed for

Figure 2. Industry Branches.

Most survey participants were IT consultants (29.11%)
and software engineers (29%). Others worked in lthe
managemen(22.78%) and thdT controlling (22.78%).
Quality managemenproject managemenandprocess de-

1Respective questions are designated witk"arf the following.



A:39 (49,37%) -> organizational restructuring

process optimizatio(65.82%) is the most important driver Bi37 (4684%) - laws and policies
. . - . - C:52 (65,82%) -> process optimizations
in this context (cf. Fig. 5). Other ones aveganizational D39 (49.37%) - market development & dynarics
. . . E:26 (32,91%) - management order
restructuring (49.37%), compliance issue§6.84%), and F:22 (27.85%) ~ change of enterprise goals
. . . G:20 (25,32%) -> new software technologies
market dynamic$49.37%). Also mentioned drivers ane- H:08 (10,13%) > new hardware technologies
. ey 1:03 (03,08%) -> compatibility with suppliers
ganic growthas well agnergers and acquisitions  J15 (18.99%) - compalibilty with customers -

P
T

K:08 (10,13%) -> norms and standards

L:18 (22,78%) -> high process complexity

M:04 (05,06%) -> low user acceptance

N:26 (32,91%) -> quality program

0:00 (00,00%) -> don’t know =
P:02 (02,53%) -> others

a
hd

A:02 (02,53%) -> very often
B:36 (45,57%) - often

C:36 (45,57%) -> sometimes —
D:04 (05,06%) > rare

E:00 (00,00%) > never

F:01 (01,27%) -> don'tknow |
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A) Question: How often do business processes Question: What are factors that lead to business processes evolution?
change in your organisation?

A:54 (68,35%) - increase Flgure 5. Drivers of Evolution*.
B:18 (22,78%) -> indifferent |
C:05 (06,33%) - decrease

D:02 (02,53%) -> don’tknow —

never used (and are therefore without any "value”), or they
implement more functionality than needed and can there-
fore be regarded as too complex to be efficiently used. Even
more, some process activities cannot be covered by existing
business functions at all, i.e., the respective businass-fu
B) Question: Will the frequency of business process change tion have not been implemented. This issue is a direct con-
increase in the future compared to today? sequence of the aforementioned discussed problem area of
software customizing.

absolute nominations
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Figure 4. Process Changes.

A:01 (01,27%) > yes
B:25 (31,65%) -> rather yes

. PA2: Hard-coded I_Dr_ocess Logic All IS analyzed dur—_ i i e
ing thecase studyexhibited a "hard-coded” process logic, s e 3 tetioow 11

i.e., the process logic is hidden in the application code and
not managed separately (e.g., by the use of a workflow man-
agement system). This makes the adaptation of business
processes a difficult task. In fact, most software technolo-

gies currently used to implement IS are not providing suit-
able mechanisms to separate process logic from applica- o

Percentage
N
3

tion code at build-time and to provide comprehensive pro- . A B c b E F
cess support during runtime. Instead, source code has to Question: Do enterprise information system provide a
be inspected to identify the implementation artifacts .(e.g sufficient degree of business process support?
modules, routines) that incorporate fragments of the @®ce
logic. Figure 6. Degree of Process Support.
PA3: Complex Procedures for Software Customizing
The interviews conducted during ouase studyrevealed We further analyzed this finding by osurvey Process-

that most IS fail to meet basic functional requirements. As orientation means to provide those business functions that

major reason for this phenomenon, we identified the real- are requested by a process. However, 25.32% of the partic-

ization of IS based on off-the-shelf standard software com- ipants state that IS d@ther notprovide a sufficient degree

ponents. This results in high efforts for implementing cus- of process orientation (cf. Fig. 6). 8.86% state that curren

tomized business functions. However, none of the analyzedlS do not provide a sufficient degree of process orientation

IS offered interfaces that enabled software customization at all. 29.11% of the participants consider the realized pro

a sufficiently detailed level. cess support as neither problematic nor advantageous. Only
PA4: Inadequate Business FunctionsOurcase study  32.92% of the participants regard the business process sup-

also revealed that many IS fail to adequately satisfy func- port currently provided as sufficient.

tional needs. Many implemented business functions are Furthermore, 45.57% of the survey participants state that



requirements of a business process should be explicitly con fluencing. As can be seen, the most significant problem area
sidered when developing or maintaining enterprise IS (cf. is process evolution.
question A in Fig. 7). Another 41.77% state that respective

requirements should eventually be considered. This means Lo
that an overall of 87.34% of the participants expect the in- D|M|O
corporation of business process requirements when imple- PA #1: Process Evolution X[ X[X
menting an |IS. PA #2: Hard-coded Process Logic X | X
PA #3: Complex Software Customizing | X | X
A:36 (45,57%) > yes o PA #4: Inadequate Business Functions X | X
7 233 Eg;:;;:ﬁ:; :))i':gi‘f?érienj o PA #5: Missing Process Information X | X

D:01 (01,27%) -> rather no
C:01 (01,27%) -> no
D:01 (01,27%) -> don't know

PA = problem area; D = development; M = maintenance, O = operation

Figure 8. Overview of Problem Areas.
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In Section 4, we pick up our empirical findings and de-
rive critical success factors (CSF) for process-orienged |

A B (o} D E F
Question 7A: The requirements and needs of the business 4 Critical SUCCGSS FaCtor AnaIySiS

processes should be considered when developing
respectively customizing enterprise information systems?

The empirical study presented before provides insights

Bds ot j_{:jqe,yes L into critical issues related to process-oriented IS in poad
its Gaaee 3 et & tion environments. This section concerns our interpretati
5102 (09.89%) > Sontknow of the study results. In particular, we use the findings to

develop guidelines that help practitioners to overcome the
identified problems and shortcomings. We formulate these
guidelines (derived from the findings of our empirical anal-
ysis) by a number of critical success factors (CSF). Section
4.1 depicts three general applicable success factors amnd co
Question 7B: The requirements and needs of the business fII’mS. their Importance by addﬁmpal re_SUItS of our SUrvey.
processes are considered when developing Section 4.2 introduces organlzatlon—drlven success Ifacto
respectively customizing enterprise information systems? and Section 4.3 deals with technology-centered ones.
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Figure 7. Considering Process Requirements. 4.1 General Applicable Success Factors

However, 0n|y 62.02% of the participants acknow|edge The success factors presented in this section deal with
that respective requirements are indegesandrather ye$ issues that have to be addressed by any enterprise IS re-
considered when developing and maintaining enterprise 1Sgardless whether it is "process-oriented” or not:

(cf. question B in Fig. 7).

PAs5: Missing Process Information Some of the IS
analyzed during thease studylog event-based execution
data (e.g., related to the start and completion of process
activities). However, log data is structured in different
ways from system to system, and only very simple log files

are used. As a consequence users are unable to keep track , CSF#o: Benefits Costs have to be justified by ben-

of their processes or to mine [5], what makes it difficult efits. Process-oriented IS, in particular, generate ben-
to quickly react to exceptional situations or to optimize efits by supporting business processes. This implies,
work with respect to the current process status. Therefore for example, reduced process cycle times, optimized

process cycle times are longer than necessary and resources  4j5cations of resources, and increased process quality.
are not utilized in a cost-effective way.

e CSF#1: Costs The estimated costs of a process-
oriented IS significantly determine the decision for its
introduction. In fact, the introduction of a process-
oriented IS, first of all, causes high efforts (e.g., caused
by a necessary redesign of business processes).

e CSF#3: Risks Benefit realization is influenced by
The described problem areas affect different stages of risks. As a typical risk consider, for example, an im-
the life cycle of an IS (development, maintenance, and use). mature organization regarding the degree of process-
Figure 8 assigns each problem area to those stages itis in-  orientation.



The surveyclearly confirms the relevance of these three
success factorgCostsare considered to be the most impor-
tant evaluation part (87.43%), but other evaluation dimen-
sions have to be incorporated as well. Especibynefits
(82.28%) and afT investment’s contribution to organiza-
tional goal® (49.37%) are considered as highly significant
(cf. Fig. 9).

This includes knowledge about data and control flows.
Process knowledge is increased by analyzing each pro-
cess step of a business process, e.g., through interviews
with process participants.

e CSF#7: Process TransparencyProcess transparency
is closely related to process knowledge. It deals with
the identification of all activities of a business process
from start to end. Details about the exact purpose of
single process activities are not relevant.

A:69 (87.34%) -> costs

B:65 (82.28%) -> benefits

C:28 (35.44%) -> risks

D:26 (32.91%) > strategic implications

E:39 (49.37%) - contribution to ent. goals  _|

F:00 (00.00%) -> no soecial focus i
= 4.3 Technology-driven Success Factors

G:01 (01.27%) -> don’t know
H:02 (02.53%) -> other focus

70+
60
50+

40

Besides, there are also technology-driven success fac-
tors that influence the successful introduction of process-
oriented IS in a production environment. This section de-
scribes four success factors dealing with the technical im-
plementation of IS:

30+

20+
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Question: What is fi d on when developing
a business case in your organization?

e CSF#g: Standardization and NormsRecently, there
has been an explosion of standards and norms enhanc-
ing business process support. The use of well estab-
lished standards and norms is success critical. It is not
recommendable, by contrast, to use proprietary and not
standardized technologies.

Figure 9. General Applicable Factors*.

By contrast, the survey also indicates thigks(35.44%)
as well as anT investment’s impact on the overall enter-
prise strategy(32.91%) are considered being of minor rele-
vance. Besides, there are other success factors. e CSF#g: Separation of Process Logic The separa-
tion of process logic from application code is success-
critical as well. 1S which separate process logic from
application code (compared to classical programming)
allow for the handling of business process changes at a
high semantic level (e.g. using process modeling tools)
and reduce the need for recoding application programs.

4.2 Organization-driven Success Factors

The paradigm of process-orientation implies a shift from
functions to processes. As consequence of this shift we can
observe an increasing importance of IS supporting business
processes. Based on the results of our case study (see Sec-
tion 3) we derive four success factors that deal with organi-
zational issues:

e CSF#10 Support of Audit Trails Detailed knowl-
edge about existing business processes helps to pro-
vide adequate support (see CJ# One promising

e CSF#4: Integration. Typically, many IS support an approach in this respect is the application of business

organization’s process map. To enhance the coopera-
tion of these IS, they have to be integrated. Thereby,

integration needs to be achieved on two levels: con-

ceptually on the enterprise architecture level and tech-
nically on the enterprise application level.

e CSF#5: Process Maturity High process maturity is a
major prerequisite to successfully implement process-
oriented IS. Process maturity can be assessed by ded-
icated maturity models that describe characteristics of
effective processes. Examples are the CMMi or the
SPICE model.

e CSF#p. Process Knowledge This CSF deals with
the analysis of execution details of business processes.

process intelligence tools [3] that analyze event-based
real process execution data. Such data (e.g., resources
consumed by a process activity, process cycle times)
needs to be generated, i.e., monitoring modules have
to log as many activities as possible and store them in
audit trails.

CSF#11: Workflow Support Business processes and
their separated process logic (see C§F#eed to

be managed by WIMS. To effectively adapt process
changes, the WfMS has to support a sufficient degree
of process flexibility. ADEPT2 [4], for example, is a
WIMS offering promising features in this respect.

Figure 10 relates the success factors to the five major
problem areas presented in Section 3. It illustrates the co-
herency of the problem areas and the success factorst i.e., i

2Though this can be regarded as a benefit too, we decided traselya
treat this issue due to its fundamental importance.



shows which of the success factors help to overcome which  The need for process-aware IS also implies a fundamen-
of the described problem areas. Take for example the suc+al shift of IS engineering. Traditional software engineer
cess factor process knowledge. Process knowledge helpsig methods and paradigms (e.g., procedural programming)
to better deal with process evolution. It also helps to iden- have to be replaced with engineering principles partitylar
tify business process requirements, i.e., it constitudee{ enhancing the effective operational support of business pr
alize adequate business functions. Finally, process knowl cesses (e.g., approaches that enable the separation of busi
edge can also ease the customization of an IS as it helps tmess functions from process logic). This seems crucial in
understand which parts of the IS have to be customized inorder to tie up to those requirements that are neglected by

order to achieve an organization-specific tailoring. current enterprise IS.
i) 6 Summary and Outlook
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T | Corra egraton X X Four research questions (see Section 1) guided the em-
£ 8 [ coP#s: Process Maturiy x [x pirical research presented in this paper. To answer the re-
g_c CSF#6: Process Knowledge X[ [x[x search questions RQ#1 and RQ#2, we conducted a case
—{CSTHT, Process Tarsparey X| | X[X study in the automotive domain and a cross-organizational
gl (oo Sandardealon & Rorme_ X survey among 79 IT practitioners. Both studies enabled
Sic CSF#9: Separation of Process Logic X X . R
£ £ [Csr#10. Supportof vt T X us to identify and analyze the reasons for problems re-
© 8 [Csra11: Workllow Support X X lated to the development, maintenance and operational use
PA = problem aroa; GSF = ricalsuccess fator of process-oriented IS. We further used our empirical find-

ings as a baseline to answer RQ#3. In particular, we used

Figure 10. Coherency Analysis. them for the derivation of a number of (general applicable,

organization-driven, and technology-centered) sucaass f

Altogether, it is still doubtful whether itis really post#b  tors for process-oriented IS. Finally, we discussed the em-
to consequently address and fulfill these eleven success facpirical results with respect to its implications for IS engi
tors in all cases. Some of them are even conflictive (e.g.,neering (and therewith addressed research question RQ#4).
costs and benefits). However, they represent a validatedn particular, we explained why "process-orientation” is
baseline for enterprises that want to increase the effectiv scarce, but "process-awareness” is needed.
ness of their process-oriented IS. Future work will particularly focus on a detailed analy-
sis of the economics of process-aware IS and the process-
oriented software technologies (e.g., workflow management

5 Implications for IS Engineering systems) used to implement them [1].
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