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41 ERP implementations are complex undertakings. Recent research has provided us with plausible critical
42 success factors (CSFs) for such implementations. This article describes how one list of CSFs (Somers &
43 Nelson, 2001) was used to analyse and explain project performance in one ERP implementation in the
44 aviation industry. In this particular case, poor project performance led to a serious project crisis but this
45 situation was turned around into a success. The list of CSFs employed was found to be helpful and appropri-
46 ate in explaining both the initial failure and the eventual success of the implementation. CSFs in this case
47 appeared to be highly correlated, ie changes in any one of them would influence most of the others as
48 well. The reversal in performance after the project crisis was caused by substantial changes in attitudes
49 with most of the stakeholders involved, such as top management, project management, project champion
50 and software vendor.
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54 Introduction
55 ERP (Enterprise Resource Planning) systems may well
56 count as ‘the most important development in the corpor-
57 ate use of information technology in the 1990s’
58 (Davenport, 1998). ERP implementations are usually
59 large, complex projects, involving large groups of people
60 and other resources, working together under consider-
61 able time pressure and facing many unforeseen develop-
62 ments. Not surprisingly, many of these implementations
63 turn out to be less successful than originally intended
64 (White et al,● <aq1>● 1997; Davenport, 1998; Avnet,
65 1999; Buckhout et al, 1999).
66 Over the past few years, a considerable amount of
67 research has been conducted into critical success factors,
68 or CSFs, for ERP implementations (eg Holland & Light,
69 1999; Sumner, 1999; Willcocks & Sykes, 2000) and IT
70 implementations in general (Reel, 1999; Marble, 2000).
71 Such factors typically include top management support,
72 sound planning, end user training, vendor relations, pro-
73 ject champions, interdepartmental collaboration and
74 communication and the like. Now we even have avail-
75 able a ranked version of such a list, based upon a survey
76 among managers of organisations that have recently
77 gone through an ERP implementation process
78 (Somers & Nelson, 2001). However, at present it is not
79 yet clear how these CSFs interrelate. It seems unlikely
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80that they all work in isolation, without one CSF also
81affecting another and vice versa. At present, what we
82have are ‘laundry lists’ (Richmond, 1993) of relevant
83CSFs. However, for the time being, we have little theory
84on how these CSFs affect each other.
85This article describes an exploratory research study
86where this particular ranked list of CSFs was used to
87analyse a case study of an ERP implementation. This
88implementation at first experienced severe difficulties
89but turned around remarkably after a project crisis had
90resulted in changes in several of the CSFs for this case.
91This article shows how, at least in the case studied, these
92CSFs affected each other in a reinforcing manner. It
93argues that the same reinforcing ‘loops’ of causal
94relationships that at first led to a vicious cycle, or down-
95ward spiral, of ever-degrading performance after the
96crisis led to a virtuous cycle, or upward spiral, of con-
97tinuously improving implementation success (cf Senge,
981990; Sterman, 2000).

99Critical success factors for ERP
100implementations
101In a recent article by Toni Somers and Klara Nelson
102(Somers & Nelson, 2001), a very useful and well-
103grounded ranked list of CSFs for ERP implementation
104is presented. The 21 CSFs in this list were first compiled
105from a meta-study of over 110 ERP implementation
106cases described as well as on the general literature on IT
107implementation, BPR (Business Process Reengineering)
108and project management. This list was then rated by 52
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109 senior managers. This group consisted mainly of CIOs
110 (Chief Information Officer), MIS (Management Infor-
111 mation Systems) managers, directors, vice-presidents
112 (VPs) or executive vice-presidents (EVPs). The compa-
113 nies involved were US firms that had completed their
114 ERP implementation either last year or longer ago. Table
115 1 shows the resulting ranked list.
116 In the remainder of this article, we will focus on the
117 top 10 CSFs, which are italicised in Table 1. The choice
118 for precisely this number was somewhat arbitrary, but
119 worked out well in our analyses, as will become apparent
120 later on. Strongly influenced by the sound literature
121 study underlying Somers’ and Nelson’s ranked list, we
122 will briefly discuss each of these top CSFs. Together,
123 they form an interesting mix of more conventional,
124 ‘hard’, implementation aspects, such as clear goals and
125 objectives and strong project management, and ‘softer’
126 aspects, such as team competence and interdepartmental
127 communication and collaboration. Most of them would
128 hold for IT implementation projects in general, but some
129 are more important for ERP projects in particular.
130 (1) Top management support. If top management is not
131 actively backing an all-pervasive project like an
132 ERP implementation, there is little hope for it. This
133 is especially so in the early stages of such a project
134 (Slevin & Pinto, 1986; Bingi et al, 1999). It is
135 probably true for most implementations of inno-
136 vations into organisations (Jarvenpaa & Ives,
137 1991). On the other hand, it would be unwise to
138 suggest that top management is omnipotent in this

3233

34 Table 1 Mean rankings of CSFs by degree of importance in
35 ERP implementation
36
3738

39 Critical success factora Mean
41
4243

44 (1) Top mangement support 4.29
45 (2) Project team competence 4.20
46 (3) Interdepartmental co-operation 4.19
47 (4) Clear goals and objectives 4.15
48 (5) Project management 4.1354

55 (6) Interdepartmental communication 4.09
56 (7) Management of expectations 4.06
57 (8) Project champion 4.03
58 (9) Vendor support 4.03
59 (10) Careful package selection 3.89
60 (11) Data analysis and conversion 3.8367

68 (12) Dedicated resources 3.81
69 (13) Steering committee 3.97
70 (14) User training 3.97
71 (15) Education on new business processes 3.76
72 (16) BPR 3.6878

79 (17) Minimal customisation 3.68
80 (18) Architecture choices 3.44
81 (19) Change management 3.43
82 (20) Vendor partnership 3.39
83 (21) Vendor’s tools 3.15
84 (22) Use of consultants 2.90
91
92

93 aItalicised CSFs used in subsequent analysis.
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139kind of process. Middle management and other
140staff are at least as important, but will play different
141roles (Mumford, 1983; McKersie & Walton, 1991).
142However, if top management permanently del-
143egates its responsibilities to technical experts, the
144chances for project failure are high (Ewushi-Men-
145sah & Przanyski, 1991).
146(2) Project team competence. This CSF is one of those
147that was originally not very high on Somers and
148Nelson’s (2001) list but that ended up remarkably
149high when ranked by the executives that filled in
150their survey. Indeed, it seems there has not been
151that much research regarding the impact of project
152team competence on IT implementation success.
153Somers and Nelson do refer to some vendor-related
154documentation (Bancroft et al,● <aq1>● 1998) and
155APICS literature (Kapp, 1998). However, one also
156has to look into literature from other fields where
157the importance of team competence has been well
158recognised, such as Argyris and Schön (1979),
159McGrath (1984), Senge (1990) or Katzenbach and
160Smith (1993).
161(3) Interdepartmental co-operation. Another surpris-
162ingly high-ranking factor is interdepartmental co-
163operation. Then again, perhaps it is less surprising
164that the executives ranked this factor so high than
165that in Somers and Nelson’s original list, which
166was based on their literature review and not on
167assessments by managers, it appeared as low as No.
16820. For surely, ERP systems are really about
169closely integrating different business functions; this
170is what sets them apart from many other IT efforts.
171Therefore, close co-operation between these busi-
172ness functions would seem to be a natural prerequi-
173site (Stefanou, 1999). Indeed, one recent study
174found closer interdepartmental collaboration as one
175of the main post-ERP implementation benefits
176(McAfee, 1998).
177(4) Clear goals and objectives. It has long been com-
178mon knowledge that the first phase of an IT project
179should start with a conceptualisation of goals and
180ways to accomplish these (Cleland & King, 1983;
181Slevin & Pinto, 1987). Clear goals and objectives
182seem to form a clear-cut CSF, but can actually be
183rather problematic. This is because, at the outset of
184an ERP project, it is often very difficult to deter-
185mine them in a clear-cut manner. Hence the call of
186Austin and Nolan to manage ERP initiatives as new
187business ventures, rather than as IT projects
188(Austin & Nolan, 1998) and the suggestion of Aus-
189tin and McAfee to employ a path-based approach
190to ERP implementation (Upton & McAfee, 1997).
191On a more methodological level, this viewpoint is
192in line with the concept of IS development as one
193of evolutionary complexity (Lycett & Paul, 1999).
194(5) Project management. The complexity of ERP
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195 implementation is very high, given the vast combi-
196 nation of hardware, software and organisational
197 issues involved (Ryan, 1999). One approach to
198 overcoming this kind of complexity is to stress the
199 need for ‘a great amount of methodical planning
200 and calculated management’ (Soliman & Youssef,
201 1998 p. 890). This approach is often taken in text-
202 books on IT project management (eg Hoffer et al,
203 1998). However, as organisations and projects
204 evolve over time, so should project management
205 priorities. Some degree of improvisation
206 (Macredie & Sandom, 1999) may also need to be
207 part of the skill set of ERP project managers.
208 (6) Interdepartmental communication. The importance
209 of communication across different business func-
210 tions and departments is well known in the IT
211 implementation literature. According to one author
212 on IT project management, ‘communication is the
213 oil that keeps everything working properly’ in these
214 contexts (Schwalbe, 2000). Slevin and Pinto (1986)
215 reached similar conclusions for project manage-
216 ment in general. As noted above, this need for com-
217 munication across functional boundaries is all the
218 more important in an ERP context since the pri-
219 mary objective of ERP systems is to integrate busi-
220 ness functions (Davenport 1998).
221 (7) Management of expectations. Successfully manag-
222 ing user expectations has long been known to be
223 important for successful implementations of IT sys-
224 tems in general (Ginzberg, 1981). Misalignment of
225 expectations is common, for instance through over-
226 selling of the vendor or by underestimation of the
227 complexity of ERP implementation by the organis-
228 ation. Therefore, management of expectations
229 remains important through all stages of the
230 implementation life cycle (Hoffer et al, 1998).
231 (8) Project champion. ‘The success of technological
232 innovations has often been linked to the presence
233 of a champion, who performs the crucial functions
234 of transformational leadership, facilitation, and
235 marketing the project to the users’ (Beath, 1991;
236 quoted from Somers & Nelson, 2001). Usually, this
237 will be somebody at senior management level, so
238 that this person has the authority to make substan-
239 tial organisational changes happen (McKersie &
240 Walton, 1991). One obvious place to look for such
241 a champion role is with the CIO, or else the CEO
242 (even better) or VP in charge of IT (Willcocks &
243 Sykes, 2000).
244 (9) Vendor support. A project as all-pervasive as an
245 ERP implementation cannot be delegated to an out-
246 side party. In fact, strong reliance on outside con-
247 sultants or vendor support was found to have a
248 negative correlation with project success for MRP
249 II implementations (Burns et al, 1991). On the
250 other hand, a company typically does not have all
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251the technical and transformational skills in-house
252for managing such a major undertaking on its own.
253Therefore, it is also not surprising that other
254research has shown project success to be positively
255associated with fit and compatibility with the IT
256vendors employed (Thong et al, 1994; Janson &
257Subramanian, 1996; Willcocks & Sykes, 2000).
258(10) Careful package selection. ERP vendors may claim
259that their systems are overlapping in functionality
260but they are not, at least not in full. For instance,
261some packages are more suited for larger firms,
262some more for smaller ones. Some packages have
263become a de facto industry, some have a stronger
264presence in certain parts of the world. And then,
265once the choice for the package is made there is
266the decision to be made as to what versions or mod-
267ules of the package would best fit the organisation
268(Piturro, 1999). In short, if the wrong choices are
269made, and these choices have to be made very early
270on, the company faces either a misfit between pack-
271age and business processes and strategy, or a need
272for major modifications, which are time-consum-
273ing, costly and risky (Janson & Subramanian,
2741996). 275

276Research methodology
277A theory-building case study research design
278In this research, our objective has been not just to test
279the explanatory power of the existing CSF list of Somers
280and Nelson (2001) in a specific case but also to extend
281it into a richer framework, ie one that would describe
282causal interrelations between the individual CSFs. For
283this purpose, we have employed a case study research
284design. The case study is a well-known research method
285for exploratory, theory-building research (Eisenhardt,
2861989; Yin, 1989). As a research method, case studies,
287and certainly single ones, score low on generalisability
288of findings. However, on the other hand, their richness
289of data lend themselves well for the inductive process
290of theory building. It is precisely this ‘intimate connec-
291tion with empirical reality that permits the development
292of a testable, relevant, and valid theory’ (Eisenhardt,
2931989 p 532).

294Action research for research relevance
295In this research, the authors themselves were actively
296involved as consultants to the management of the com-
297pany. We fulfilled this role for 3 months in the fourth
298quarter of 1997 and the first quarter of 1998. Afterwards,
299we changed roles and became neutral observers to the
300changes the company was undergoing for the next 2
301years. As will subsequently become clear, a key turnar-
302ound in the ERP effort was initiated during the relatively
303short period that we were actively involved as consult-
304ants. This makes the research reported here clearly
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305 action research (Reason & Bradbury, 2000). The choice
306 for an action research design has several clear benefits
307 in studying a phenomenon such as the current one. First,
308 it provides the ability to observe up close an organisation
309 during a period of strong instability, while it is experi-
310 encing its periods of most drastic change, when normally
311 often no outsiders would be allowed. As Arie Lewin
312 once put it: ‘If you want to understand something, try
313 to change it’ (Daft & Lewin, ● <aq2>● 1990). Secondly,
314 it ensures the direction of the research to be of guaran-
315 teed managerial relevance, since company management
316 is closely involved in the research effort as it progresses
317 (Hill 1983● <aq1>● ). Thirdly, it indirectly generates the
318 close relations and common understanding that enable
319 researchers to revisit the company during subsequent
320 periods of change to observe and reflect with members
321 of the organisation on ultimate causes and consequences
322 of the changes observed (Miles & Huberman, 1984).

323 Measures to ensure rigor and reliability
324 Case study research in general, and action research in
325 particular, are arguably well suited to ensure relevant IS
326 research regarding organisational change processes
327 (Galliers & Land, 1987), but also pose considerable
328 problems in ensuring sufficient rigor and reliability. By
329 reliability is meant the degree in which statements are
330 based on a careful observation of reality, rather than on
331 accidental circumstances regarding measurement instru-
332 ments or the researchers’ own biases as people being
333 personally involved (Yin, 1989). We took several meas-
334 ures to ensure adequate levels of reliability for this
335 research. In general, these all boil down to limiting per-
336 sonal biases by employing as many independent perspec-
337 tives and sources of data as possible in an iterative pro-
338 cess of data collection, analysis, reflection and synthesis.
339 The goal of having different perspectives was
340 accomplished by (1) having independent interviewers for
341 post-project evaluation, (2) interviewing multiple mem-
342 bers of the organisation coming from different back-
343 grounds, (3) performing a so-called member check by
344 letting preliminary research results be assessed by these
345 respondents and peer review of these findings by
346 presenting them at two subsequent peer-reviewed inter-
347 national academic conferences. The goal of multiple
348 sources of data as to enable triangulation was achieved
349 by collecting data at different points in time, again with
350 different stakeholders and comparing these with project
351 documents and personal research notes.

352 Theory-driven case selection
353 In order to learn more about CSFs in ERP implemen-
354 tation, one would normally need at least two cases: one
355 where project success was low and one where success
356 was high. Then, most of the variables that are not of
357 primary interest, such as firm size, industry, time frame,
358 package type etc. would have to be kept identical as

1 EJIS: european journal of information systems2 31-01-02 10:20:08 Rev 16.03x EJIS$$418P

359much as possible. This is the concept of theory-driven
360case sampling, as developed by Yin (1989) and Eisen-
361hardt (1989). However, in this particular instance, it was
362possible to suffice with a case within a single company.
363This is because we had ample data on a particular
364implementation where project performance was at first
365very low, almost leading to a complete failure of the
366project, and then bounced back again to reach very satis-
367factory results in the end. In this way, we had both high
368and low implementation success and, at the same time,
369identical values for many of the variables not of primary
370interest, since both stages concerned the same firm.

371Research questions
372According to Eisenhardt (1989), ‘An initial definition of
373the research question, in at least broad terms, is
374important in building theory from case studies’
375(Eisenhardt, 1989 p. 536). For our research, given the
376state of the art of research on CSFs for ERP implemen-
377tation, this resulted in the following two ex ante
378research questions:

379Research question 1: Can the Somers and Nelson list
380be helpful in arriving at a better understanding of root
381causes of ERP implementation success and failure?

382Research question 2: If so, in what way can the
383Somers and Nelson CSFs be interrelated causally?

384With these two questions in mind, we have analysed our
385case material.

386Case data collection
387The case study in question concerns a medium-sized
388manufacturing firm in the aviation industry where an
389ERP system was implemented. Our original case data
390were collected over a time period of 2 years, spanning
391the entire period from the early start of the implemen-
392tation of the ERP system to its operational use. Figure
3931 contains a time line for the project.
394As can be distilled from Figure 1, we collected infor-
395mation on project success and ascribed causes for it from
396company representatives in three different instances. The
397first time was immediately after our own involvement in
398our capacity as business consultants, when the project
399had just recently bounced back into good shape. The
400second time, we sent independent interviewers armed
401with a semi-structured questionnaire just after the ERP
402system had gone live. Our analysis of the findings from
403these interviews was published shortly afterwards
404(Akkermans et al, 1998). Almost 1 year later, we went
405back again to discuss our latest insights, based on a com-
406parison of this case with two other IT implementations
407(Akkermans et al, 1999).
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9 Figure 1 Timeline for key events in ERP implementation and case data collection.

408 Case data analysis
409 Irrespective of the considerable amount of bottom-up
410 data collection described above, our case data analysis
411 as it is presented here remains an inductive effort. It con-
412 sists of three stages.

413 Stage 1: Assessment of scores for the top 10-CSFs:
414 Firstly, we have taken the ‘top 10’ of the Somers and
415 Nelson list and have assessed their values before and
416 after the project crisis. Please note that we do not suggest
417 that these top 10 explain everything there is to elucidate
418 in this case. For instance, CSF No. 22, the relevance of
419 the use of outside consultants, is clearly one we would
420 be tempted to call relevant, since we acted as such. But,
421 our objective is not one of completeness but of parsi-
422 mony: if the top 10 factors can explain most of what
423 happened and can do so plausibly, why use more?

424 Stage 2: Causally interrelating CSFs:
425 We have then, in an inductive effort, used the mapping
426 technique of causal loop diagramming, or CLD (cf
427 Senge, 1990; Sterman, 2000), to interrelate these 10
428 CSFs causally. We have thought about what generated
429 what, and about feedback loops between the different
430 factors. Most importantly, we have tried to arrive at a
431 causal structure that could explain both the state of
432 events leading to the project crisis as well as the sub-
433 sequent reversal of fortune of this project.

1 EJIS: european journal of information systems2 31-01-02 10:20:08 Rev 16.03x EJIS$$418P

434Stage 3: Formulation of tentative research propositions:
435Finally, we have, in reflection on these findings, formu-
436lated five preliminary research propositions that come
437out of this exploratory research as candidates for further
438investigation in subsequent research. We have called
439these propositions, since they are not yet in the stage of
440hypotheses ready to be tested. Generalising from a single
441case is always problematic. We certainly do not suggest
442that this is possible from this particular case. However,
443we do believe that these propositions can form the basis
444for research leading to more generalisable findings.

445The case study: an ERP implementation in
446the aviation industry
447Case setting
448The aviation industry is characterised by a small number
449of major global players and many small ones, which all
450develop and manufacture aeroplanes and helicopters. A
451major part of the design and production has been con-
452tracted out to suppliers. The client’s company is one of
453these European suppliers in the aviation industry,
454developing, producing and delivering aero-structures
455such as wings and tails for the civilian and military mar-
456ket. At the client’s site, some 700 people are working.
457The company is a subdivision of the aviation division
458of a multinational engine building company. It was taken
459over by this conglomerate some time beforehand, after
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460 a bankruptcy of its original parent firm. This resulted in
461 major changes: new management, but also new markets
462 to be served. The company changed from being an
463 internal supplier of stable product lines to competing on
464 the external market with a large number of frequently
465 changing production programmes. This change
466 prompted the rise of several new business functions,
467 such as sales and additional parts of F&A. It also led to
468 a need for integration of different departmental activities
469 (sales, engineering, production), which also meant new
470 business processes.
471 At the start of the ERP project, the crisis atmosphere
472 of the early days after the bankruptcy still lingered on.
473 Then, only a small group of the original employees had
474 been allowed to return and they had experienced con-
475 siderable turbulence externally and internally. The direct
476 motivation for the ERP system investment was that, IT-
477 wise, a new system was needed to support the new busi-
478 ness processes. Moreover, the IT ‘legacy systems’ that
479 were being used at the time were non-millennium com-
480 pliant, with a deadline as early as January 1999, due to
481 long lead times in the ordering of some strategic
482 supplies.

483 Project synopsis
484 The history of this case extends over more than 2. years,
485 starting in the second quarter of 1997 and ending in the
486 fourth quarter of 1999, as becomes apparent from Figure
487 1. In the first half of 1997, the company started with the
488 selection of the ERP package and an ERP implemen-
489 tation partner. The ERP Package became BAAN, at that
490 time the de facto ERP leader in the aviation industry.
491 The choice of the implementation partner was less
492 straightforward. The first candidate wanted to start an
493 extensive BPR project prior to the ERP implementation.
494 This was considered unacceptable by company manage-
495 ment. Hence, a choice was made for an IT services firm
496 that indicated that they would focus on implementing
497 BAAN for the processes as they were in use at the time,
498 the ‘AS IS processes’ to use some BPR terminology.

499 Stage 1: Unsuccessful project initiation:
500 Unfortunately, the structure of these AS–IS processes
501 was not so clear, which was not so surprising consider-
502 ing the drastic changes these processes had been
503 undergoing. Nevertheless, the external project manager
504 who had been hired to lead the initial ‘mapping’ or pro-
505 cess definition phase started by making all the right
506 moves according to conventional wisdom. He first
507 focused on the development of a detailed project hand-
508 book, which would make clear to all involved what had
509 to be done by whom, when and how. Meanwhile, techni-
510 cal BAAN training was planned for the core project
511 group. His fellow external consultant started working on
512 the overall business control model on the basis of stan-
513 dard BAAN templates.

1 EJIS: european journal of information systems2 31-01-02 10:20:08 Rev 16.03x EJIS$$418P

514Project crisis:
515Unfortunately, this approach led to a serious project
516crisis by the end of stage 1. What had gone wrong was
517not at all obvious. The external consultants complained
518of a lack of collaboration with project team members.
519These in turn complained of a lack of industry expertise
520and leadership with the external consultants. The CEO,
521one of whose former jobs had been overseeing the turn-
522key installation of entire factories, complained of a lack
523of professionalism to his counterpart at the IT firm. This
524person in turn, the account manager with the implemen-
525tation partner, complained about a lack of understanding
526of the nature of IT development with company manage-
527ment. Anyway, the project came to a total standstill and
528the external consultants were sent packing. Both parties
529came very close to ending their collaboration. Because
530of potential adverse repercussions that this might have
531on both sides, the authors were asked by the account
532manager to try one more time to develop productive
533work arrangements with the project team and company
534management. In turn, The CEO appointed from his man-
535agement team a senior internal project manager to the
536ERP project, who also served as a project champion for
537the project.

538Stage 2: Successful process mapping and functionality
539specification:
540This second attempt at process definitions started off
541with a short interview round by the authors, now acting
542as consultants, with senior and middle management to
543find out what the most pressing issues were in going
544forward. Next, we organised a series of workshops,
545which were successful in achieving a different way of
546working together. For instance, the first workshop started
547with a huge ‘brown paper session’. The brown paper
548referred to hung against the wall and contained a large
549process map of all relevant process steps: from sales via
550engineering to production, purchasing and distribution.
551This map we had created beforehand in several informal
552meetings with small groups of project team members
553who were experts in specific business areas.
554In the brown paper workshop, these team members
555explained to their colleagues their part of the map and
556discussed differences in interpretation and missing links.
557Once consensus was achieved in this manner, the same
558map formed the starting point for a next stage of process
559mapping, now more formal and detailed, using a com-
560puterised process mapping tool. It is important to note
561that it was the project team members who performed
562this mapping, after some initial training in the notation
563method. We, the consultants, operated as facilitators and
564took care of the computerised tool that identified incon-
565sistencies between sub-models. This resulted in the
566detailing out of over 100 processes, all signed-off by
567their respective process owners. It also resulted in an
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568 active involvement of the project team members and
569 excellent cross-departmental communication.
570 Another essential element of this stage was the active
571 involvement of senior management, which until then had
572 hardly taken an active part in the ERP project. At the
573 outset of this stage, the following rule was agreed with
574 all parties concerned. If, in the project team workshops,
575 a business issue remained unresolved after 5–10 minutes
576 of discussion it would be flagged as a senior manage-
577 ment issue and would no longer be discussed by the
578 team. This was done because decisions on such debated
579 issues would probably not be taken by the project team
580 but by senior management. Senior management, ie the
581 CEO and his management team (MT) of functional man-
582 agers, agreed to participate in a workshop with us where
583 all these issues would be resolved. At the outset, the
584 CEO expected that this would be a brief exercise, but
585 as it turned out, 2 full half days of hard work and some
586 serious preparation in between were needed. As a side
587 result of this, senior management became much more
588 aware of the ERP project and the impact it would be
589 having on daily work in their departments.

590 Stage 3: System implementation:
591 The process definition stage lasted for 3 months. It
592 yielded the business processes that were used to
593 implement the actual ERP system. Here, the authors left
594 and specialists in the BAAN software took over. The
595 number of company people involved in the subsequent
596 system implementation stage was much greater, over 50
597 at some stage. Obviously, more lower-level employees
598 were involved. We now changed our role to observers.
599 One phenomenon that was immediately interesting to
600 observe in this stage was that the 15 members of the
601 original core project team now became the ambassadors
602 for the ERP effort with their fellow employees. In the
603 previous phase, the lower-level employees had not been
604 involved directly in the ERP process, but now they were
605 trained and asked to participate. Eventually, and to the
606 surprise of many, the by now very ambitious October
607 1998 deadline of the project was met fairly well, and so
608 was the agreed budget. This was no small feat after the
609 progress delays in stage 1 and the considerable time
610 investments required to conclude stage 2.

611 Stage 4: System operation:
612 Despite some glitches in the changeover from the ERP
613 project organisation to business as usual, operational use
614 of the ERP systems has been smooth. In fact, the com-
615 pany has been through a number of similarly complex
616 improvement projects since. Production facilities that
617 were spread over different locations as well as the engin-
618 eering department were all brought together in one cen-
619 tral factory with a strongly simplified routeing and lay-
620 out. The structure of the manufacturing organisation was
621 changed considerably and a new group of managers was
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13
14

15Figure 2 The core reinforcing loop in the ERP integration effort:
16mutually reinforcing interdepartmental communication and collabor-
17ation.

622nominated, mainly from the internal ranks (several of
623them from the core ERP project team). The staff qualifi-
624cation method used by the HRM department was har-
625monised and function descriptions were rewritten. And
626finally, 1 year after the ERP system had gone live, a
627company-wide process improvement project was started,
628with cycle time reduction and quality improvements as
629its main goals.

630Case data analysis

631In this section we describe how we have applied the top
63210 items of Somers and Nelson’s (2001) ranked list of
633CSFs for ERP implementation to the case described
634above. Also, we present our causal theory of how these
635CSFs interrelated for this particular ERP implemen-
636tation. Figure 2 illustrates what we feel is the core CSF
637process; Figure 3 shows the root causes for the project
1920

21
22

23Figure 3 Root causes of the vicious cycle leading to the project crisis.
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638 crisis that developed and Figure 4 contains a CLD of
639 the counter-measures that were taken to overcome this
640 crisis.

641 Assessments for the top-10 CSFs before and after the
642 project crisis

643 (1) Top management support. Initially, top manage-
644 ment support was low and only limited to IT man-
645 agement. A mid-level technical specialist was
646 appointed as a liaison officer. Top management saw
647 the ERP implementation as something equivalent
648 to ‘building a factory’. However, later on, senior
649 management was actively involved, playing a cru-
650 cial role in the decision-making workshops.
651 (2) Project team competence. The project team con-
652 sisted mainly of delegated process owners.
653 Although the team members did have in-depth
654 knowledge of their business area, before the crisis
655 the external consultants were doing most of the
656 mapping work. After the crisis, the consultants
657 acted as facilitators and made extensive use of the
658 knowledge of the project team members.
659 (3) Interdepartmental co-operation. Initially, the func-
660 tional area of programme management was not
661 convinced of the importance and possibilities of the
662 project. Therefore, they played a minor role in the
663 project. Later on, they became more co-operative

2526

27
28

29 Figure 4 Counter-measures to reverse the vicious cycle into a virtu-
30 ous one.
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664and actively involved because they now perceived
665the added value of the project to their business area.
666Something similar happened to the purchasing
667function, where a more knowledgeable person was
668delegated as project team member.
669(4) Clear goals and objectives. Before the project
670crisis, the focus of the project was on technical and
671organisational issues: how to solve the year 2000
672issue? After the project crisis, the current processes
673were the basis for selecting the most appropriate
674ERP modules to guarantee the best support for the
675company targets.
676(5) Project management. The project started with a
677strong emphasis on writing an extensive and
678detailed project handbook, so that every party
679involved would know what to do, when and how.
680After the crisis, a more flexible approach was
681chosen. The overall project approach was designed
682and approved by senior management. To get back
683on track, weekly workshops with all project mem-
684bers were organised. During these intensive work-
685shops, the focus was on the most pressing
686(business) issues and on achieving a consistent
687business process model, not so much on project
688management per se. (Please note that the authors
689see their impact as consultants best represented
690under this heading of style of project management.)
691(6) Interdepartmental communication. Initially, only
692the core project group was involved. Consultants
693were doing the bulk of the work. Due to the charac-
694ter of the workshops after the crisis, in which a
695consistent company process model was to be
696developed, interdepartmental communication
697became one of the most important activities. Open
698communication and lack of political behaviour
699characterised this period.
700(7) Management of expectations. Initially, the expec-
701tations of the project team and those of the external
702consultants were clearly misaligned. In the second
703phase of the project, managing expectations
704became an integral part of our consulting approach,
705both for contacts with senior management and dur-
706ing project team workshops. This resulted in an
707interconnected chain of workshops leading to a
708consistent business model and a well-aligned pro-
709ject team, which subsequently was able to conduct
710the ERP implementation successfully.
711(8) Project champion. The project started without a
712project champion, with only technical specialists
713involved. After the crisis, the management team
714appointed a project champion from its midst who
715also took care of the ‘marketing’ of the project to
716the rest of the organisation.
717(9) Vendor support. Initially, there was no vendor sup-
718port. Later on vendor expertise was made readily
719available for use by team members. The process of
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720 refining and signing-off process maps together with
721 BAAN specialists played an important part in this.
722 Through this, vendor support was instrumental in
723 a smooth transfer from modelling to implemen-
724 tation phase.
725 (10) Careful package selection. The selection of the
726 ERP package itself was quickly made, because of
727 the reputation and accumulated client experience of
728 the BAAN company in the aviation industry. How-
729 ever, this selection and the ensuing discussions
730 around what version and modules of the software
731 to use, was based upon on technical arguments.
732 After the crisis, the discussion evolved from a tech-
733 nical one into a more business process fit-driven
734 one.735

736 Interrelations between CSFs: the core reinforcing
737 loop
738 ERP systems are meant to integrate different business
739 functions and different organisational departments. We
740 feel it is therefore appropriate to say that communication
741 and collaboration across project team members from dif-
742 ferent departments, CSFs 3 and 6 of the Somers and
743 Nelson (2001) list, are at the core of the ERP implemen-
744 tation process. Not only do these two CSFs go hand in
745 hand, but they also seem to reinforce each other, which
746 is an observation not just derived from this particular
747 case, but also an empirical observation that holds for
748 teams in general, as small group research has taught us
749 (McGrath, 1984). That is, as the one goes up, eg the
750 quality of the collaboration increases, then the other will
751 increase as well as a result. People that work together
752 more often communicate more often. Vice versa, better
753 communication will lead to better collaboration. This is
754 what is called in system dynamics terms a ‘reinforcing
755 loop’ (Senge, 1990; Sterman, 2000). Left to its own
756 devices, this loop will either continue to increase, in an
757 upward spiral of ever-better performance, or become
758 caught in a never-ending downward spiral of ever-lower
759 performance. The former we call a virtuous cycle, the
760 latter a vicious one.
761 In this particular ERP implementation, the project
762 team was at first caught in a vicious cycle of poor inter-
763 departmental collaboration and communication. After
764 the project crisis, the organisation managed to reverse
765 this process and turn this reinforcing loop into a virtuous
766 cycle, in which it has remained up to the end of the pro-
767 ject.

768 Root causes of the vicious cycle leading to the
769 project crisis
770 What caused this vicious cycle of poor collaboration and
771 communication? Again, the Somers and Nelson (2001)
772 list is very helpful and informative. Using it as a theor-
773 etical framework, we find the following root causes,
774 which are also visualised in Figure 3. First of all, com-
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775munication within the project team focused on technical
776issues. Indeed, there was more communication between
777the project team and the external consultants than intern-
778ally in the pre-crisis period. These technically oriented
779discussions were mainly about technical issues regarding
780the ERP package. This is because, although the choice
781for the BAAN software had been made earlier on, the
782choice for the particular set of modules that would be
783most appropriate for this particular company was still
784pending at the time.
785Why was so much time and attention dedicated to the
786technical issue of package selection (CSF 10)? At least
787partly because project management (CSF 5) had a tech-
788nical orientation as well. It shared this orientation with
789top management (CSF 1), that stated at the start of the
790crisis that implementing an ERP system was ‘just like
791assembling a new factory’, ie a mechanistic challenge.
792Because of the relative lack of open and non-technical
793communication between the project team members,
794expectations remained mixed and unmanaged (CSF 7).
795Hence, project goals and objectives did not become clear
796(CSF 4). This was intensified by the initially relatively
797hands-off attitude of top management. At the outset, the
798management team was not involved in the ERP dis-
799cussions. Later on, of course, this attitude changed con-
800siderably (again, CSF 1).

801Counter-measures to reverse the vicious cycle into a
802virtuous one
803During the project crisis the company, and top manage-
804ment in particular, took several decisions that turned this
805whole vicious cycle around into a clear success, into a
806virtuous cycle. In theory, for this to happen, any of the
807CSFs in one of the loops needs to be changed strongly
808and long enough to make a sustainable change. In prac-
809tice, it took several strong measures at the same time,
810which are indicated in Figure 4 by the dotted arrows.
811First of all, top management appointed a senior man-
812ager as project champion (CSF 8). He and the CEO
813agreed to change the project management style into a
814considerably more process and organisational change
815oriented one. The purely technically oriented external
816consultants were replaced by colleagues with such a con-
817sulting style (ie the authors) and from that moment on,
818project team communication was much more a point of
819attention. ‘Brown paper’ workshops asked for active par-
820ticipation, representatives from different departments
821explained to each other about their respective business
822processes, subgroups consisting of employees of diverse
823backgrounds were set up.
824Vendor support (CSF 9) was also more actively
825sought and concentrated at the same time. Technical dis-
826cussions were now conducted only after the underlying
827business processes had been made clear and agreed
828upon, and often conducted in smaller group settings.
829Top management was not excluded from this intensi-
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830 fied communication, on the contrary. Two half-day
831 workshops were conducted with the full management
832 team of the company and this resulted in a much clearer
833 view on the organisational complexities involved and the
834 need for very clear goals and objectives for the project.
835 The project champion also played an important role in
836 this goal-setting process. Top management also secured
837 sufficient amounts of project time for the team members.
838 It may be relevant to note that there was no need to make
839 major changes to the project team composition: project
840 team competence had been sufficient before the crisis as
841 well, there was just no environment for it to flourish in.

842 Discussion
843 In this section we reflect on our research findings. Since
844 our observations are limited to a single case, we have to
845 be very cautious in the presentation of our claims.
846 Hence, we will formulate the results from our reflections
847 in the form of propositions, to be tested, refuted, con-
848 firmed or refined by subsequent research. Our first two
849 propositions reflect back on our original two research
850 questions, propositions 3a to 3c contain additional
851 exploratory thoughts.

852 Proposition 1: The list of critical success factors as
853 compiled by Nelson and Somers (2001), and more
854 specifically the top 10 of that list, can adequately explain
855 both success and failure of specific ERP implemen-
856 tation projects.

857 As the previous section has illustrated, the top 10 of the
858 list of CSFs from Table 1 suffices to explain broadly
859 what went wrong in the particular ERP implementation
860 investigated, and also why performance went up after
861 the project crisis. This is not to say that there is no
862 additional detail possible. Also, other factors from the
863 list of 22 may be required for other cases. But, we would
864 be surprised to see an implementation fail completely
865 where eight out of 10 of these CSFs had high values, or
866 an implementation be successful where only two CSFs
867 had high values and all the others ranked low. Of course,
868 other research designs such as surveys would be better
869 suited to establish if this list has any predictive, ex ante,
870 value for ERP implementation success. Our point here
871 is that it certainly has analytical, ex post, value for under-
872 standing ERP implementation success and failure better.

873 Proposition 2: These critical success factors are causally
874 linked in such a way that they reinforce each other in
875 the same direction, hence leading to either vicious or
876 virtuous cycles of ERP implementation performance.

877 The correctness of the causal loop diagram built up in
878 Figures 2–4 cannot be ‘proven’, since it was an intuitive
879 effort. We, the authors, case investigators and, originally,
880 the external consultants, have tried our best to recon-
881 struct why things evolved the way they did. The fact that
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882a systemic perspective is second nature to us has no
883doubt influenced the structure of the diagram. It should
884therefore be seen as exploratory theory building and as
885a possible starting point for follow-up research. Never-
886theless, a more general idea underlying this specific dia-
887gram is that all these CSFs are closely causally related
888and, hence, that changes in any of them will ripple
889through in all the others. This we feel is a more funda-
890mental notion, which lies at the core of most systemic
891thinking (Checkland, 1981; Eden et al, 1983; Rosenhead,
8921989; Senge, 1990).

893Proposition 3a: The core process on any successful
894implementation consists of mutually reinforcing com-
895munication and collaboration between project team
896members from different departments and business func-
897tions.

898Close and active involvement of the end users in the
899development of any IT system is crucial to its success
900(eg Mumford, 1983). This active involvement is best
901organised by way of a project team that includes rep-
902resentatives from all the different business functions
903affected. Intensive communication and collaboration
904between the representatives from the various user groups
905is therefore essential for any IT implementation. On top
906of this, in the case of ERP we are considering an
907enterprise-wide information system that affects most if
908not all business functions in their daily operations. This
909makes communication and collaboration by definition
910interdepartmental in nature. It is our observation that
911these two activities are (a) mutually reinforcing and (b)
912really lie at the core of any ERP success. A successful
913ERP project with mediocre to low interdepartmental
914communication and collaboration seems very unlikely to
915us, and would be a ‘black swan’ indeed (Popper, 1959).

916Proposition 3b: If this core process of communication
917and collaboration is under-performing, it is highly likely
918that presence and/or attitude of several of the key stake-
919holders are also insufficient. These key stakeholders are
920(a) top management, (b) project team, (c) project man-
921agement, (d) project champion, (e) package vendor.

922The intent of proposition 3a is not to suggest that ERP
923project teams function in isolation and that their per-
924formance alone determines implementation success.
925Indeed, we have seen in this case that virtually the same
926project team with the same competence level collabor-
927ated and communicated well after the crisis, although it
928clearly under-performed beforehand. We ascribe this to
929the fact that several, if not all, of the other key stake-
930holders that appear as CSFs in the Nelson and Somers
931list were lacking either in presence (in this case, the pro-
932ject champion), in attitude (top management and project
933management) or in both (the vendor). These stakeholders
934indirectly or directly determine the contingencies within
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935 which the project team has to operate and hence control
936 its success.
937 The use of outside consultants by itself, factor 22 in
938 the Somers and Nelson list, is not a clear candidate for
939 reversing such an adverse state of affairs. In this parti-
940 cular case, the authors feel that, as action researchers
941 and consultants, they have had a role in changing the
942 project management style after the crisis. The usefulness
943 of their role in this stage has been confirmed by the
944 evaluation interviews conducted by independent
945 researchers. However, in general, the positive role of
946 extensive use of outside consultants is doubtful at best.
947 As pointed out earlier, in the MRP II implementation
948 literature, the use of outside consultants has been found
949 to have a negative correlation with implementation suc-
950 cess in one study (Burns et al, 1991). The changes
951 required for successful ERP implementations are simply
952 too pervasive to delegate to a third party. This may also
953 explain the rock-bottom rank that this factor has received
954 in the Somers and Nelson list.

955 Proposition 3c: Reversing an under-performing ERP
956 implementation is possible by simultaneous and rein-
957 forcing changes in presence or attitudes of these stake-
958 holders.

959 Our case may be unusual because it consists of two epi-
960 sodes that are so very different in their successfulness.
961 From it, we can learn that it is possible to reverse a
962 seemingly hopeless situation into a very successful one.
963 But for this to happen it is essential that the key stake-
964 holders mend their ways and start supporting the effort
965 much more actively and wisely. Each of the changes
966 described in itself may not have been enough to induce
967 such a reversal of fortune, but collectively they certainly
968 have been. This should be a hopeful message for other
969 ERP projects in dire straits.

970 Conclusions

971 ERP system implementations are complex undertakings
972 and many of them are unsuccessful. It is therefore
973 important to find out what the critical success factors, or
974 CSFs, are, that drive ERP project success. Recent
975 research has given us several good candidate lists of such
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