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ABSTRACT

This chapter discusses qualitative and quantitapmoaches to informing and validating
ABMs. Research is introduced which addresses tkstmun of how new e-commerce
technology is leading to restructuring of valueinbaA case study was undertaken within a
major international organisation, focusing on exiplg those issues identified as interesting
and important by a small stakeholder group workmthe company and actively
participating in the research.

A central theme of this paper is the interactiod ezlationship with stakeholders during the
project, with regards to the development of the ABMe paper concludes that a multi-
methodology approach is appropriate to simulatiasell projects, and identifies stakeholder
participation as being useful in several ways,drtipular because it facilitiates model
validation.

INTRODUCTION

This chapter presents work which is both multimdthmiting qualitative and quantitative
approaches with agent-based modelling, and highkesolder-orientated, involving senior
managers from industry at different stages of tloget. Whilst the latter point is going to
be the main focus of this chapter, the first pogmhains important particularly where it
concerns stakeholder validation.

A detailed case study was undertaken within thegv@md automation division of major
international organization. The research questanterns the nature of the impact that
electronic commerce (or e-commerce for short) teldgy is having upon the manufacturer,
the downstream supply system and the nature dfoe$hips with distribution partners. The
case study was carried out in 2001-2003 duringi@gef business process reengeering
(BPR). The transformation programme was intendetetelop 'e-business’ capability by
integrating existing e-commerce systems with a hearnet-based electronic mall system
specifically designed to improve links with custameViore precisely, it was thought that
the transformation would improve information flogystomer service, and internal
efficiency at the organisation. The paper descnibasagers’ perceptions of the impacts of
these changes upon the business and the implisdbotheir traditional supply chain
partners: the distributors.

Value chains and interorganisational systems (2 been shown to be a fruitful area for
the application of agent-based techniques (Parandk/anderbok 1998; Moss, Edmonds et
al. 2000; Fioretti 2001). The approach is well-sdibecause the systems under investigation
have certain properties (involvement of many hefen@ous actors, high interaction,



decentralised communication infrastructure) thattgpical of systems developed and
studied by researchers in this field. Continuirgnglthis line of investigation, the current
work considers the introduction of new ICT and nisdls impact upon the value chain. The
research will be shown to illustrate that quantiaand qualitative methods can be usefully
combined in formulating the model and that paratipn can help to target the objectives of
simulation projects.

LITERATURE REVIEW

Essential to the creation and operation of supydyesns is the provision of effective
information flow between the various business psses: a frequent concern is that some of
the links are not as good as others in this respétted at improving these networking
aspects, one new information and communicatiortsn@ogy (ICT) which appears to be
impacting the supply chain is the Internet. Thealigwment of the Internet shows potential
as a flexible ‘transportation layer’ for a new geaimn of e-commerce applications.

Internet-based e-commerce was foreshadowed byeagdplications developed using
Electronic Data Interchange (EDI) protocols foklimg together large departments,
providing propriety platforms for high-volume buess data, in secure, yet relatively
inflexible arrangements. Nowadays the Interneeensas bringing a new set of
characteristics to the e-commerce domain and tiesdeen a take-off of interest in the
technology. There has been a rapid commercialisatiche Internet as a new channel for
providing product information and availability, rkating, ordering systems and order
tracking and powerful tools for handling customaations management.

Research has identified new organisational and eadokms, and new opportunities and
risks (Timmers 1999; Turban, Lee et al. 1999; Bmiay, Harrington et al. 2000), as well as
suggesting industries in which e-commerce may ladaege impact, eg. financial markets
(Bakos et al. 2000), tourism and leisure (Chircd BEauffman, 2000; McCubbrey, 1999), or
car dealerships (Watson and McKeown, 1999; MarsBall et al. 2000). Notably, these are
mainly the services industries involving a concatmbin of information processing activities,
which may be automated, decentralised, open ta pthtential improvements, or are subject
to competition from Internet-only companies, thecatbed ‘cybermediaries’ (Jin and Robey
1999).

The problem of disintermediation in the contextesfhnological change has been studied
closely by generations of researchers. More regentthe early days of electronic
networking technologies, researchers argued thatoutd see much disintermediation
(Malone, Yates et al. 1987) (Tapscott 1996) iaditronal intermediaries would be bypassed
in the process of reshaping certain industrialgecOthers have questioned whether this
disintermediaton process is as universal as figtjssted. For example, consider the more
sophisticated model of Chircu and Kauffman (2008pwntroduce the concept of the
intermediation-disintermediation-reintermediatidDR) framework which they argue
applies to the introduction of new IT innovatiohattcause structural adjustments. The idea



is that changing market conditions also bring neywartunities for intermediation to which
the threatened intermediary should adapt, or nemgdiate:

‘A disenfranchised traditional player is able tongpete again by leveraging technological
innovations with cospecialized assdtsHircu and Kauffman 2000)

Moreover, there are significant problems encouudtésethe initiators of technological
transformations themselves. Experience with EDll@ngentation suggested that the value
of e-commerce depends upon how well it can be rated with existing business systems
and processes, and with those of partnering fiRiggins and Mukhopadhyay 1994).
Comparing several case studies of trading partpike of EDI systems, Mukhodaphyay,
Kekre et al. (1995) conclude that the initiatorsoeth systems have the most to gain from
the network, but that they also carry the largs&sr Riggins and Mukhopadhyay (1999)
identify two types of risk. Trading partners migiut adopt the system (adoption risk), and
even if they do, may not carry out satisfactory lenpentation, so the full benefits may not
be realised (implementation risk). Adoption riskgimti be due to a lack of organisational or
technological readiness (Chau 2001). Some of thest#ems have been solved by the
ubiquity of the Internet, its flexibility, and peaps above all its low cost, but some of them
remain. Fundamentally, the availability of new teclogical solutions creates a tension
between the more technologically orientated conmgsawishing to coordinate more strongly,
and their business partners, some of whom migin¢loetant to change their existing
processes.

METHODOLOGY

Case study research (Yin, 1994) was chosen foraensasons. Firstly, it would supply real
problems and issues to address. Secondly, it wikely provide a good supply of
gualitative and quantitative data with which toggempirical basis to the model. Thirdly, it
would help establish stakeholders to evaluate thetof ABM and research findings.

Large manufacturing companies based within thelityaaf the university were contacted,
based on prior links and stated interest in e-coroendnitial contact was made through a
telephone call, followed up by a letter of introlao containing a project overview. The
procedure was to obtain the names of relevant pdopin administrators by asking to speak
to e-commerce managers. The main problem that bildeen anticipated was that the
decision-making on e-commerce matters was oftendaa take place at a national or
European level rather than with the local manatfexswere approached.

At Automata, initial meetings took place in February and Ma2601 involving two
managers, one of whom had been recently appoistézhder of the e-business team. The
other manager was responsible for advising existigjomers, with many of whom he had a
long established relationship, on the new oppotiesavailable for e-commerce. These
managers were self-selecting participants baseatlean having a special interest in the
subject. They shall be referred to as the ‘staladrsl since they occupy an important role in
the research project, being co-investigators, doregperts, and project evaluatorat this



stage, their input was instructive in defining greblem, identifying research questions, and
evaluating plausibility and practicality of the apach.

Later that year, semi-structured interviews toa@cplwith nine company employees. The
interviewees were suggested by the stakeholdedsnaluded people responsible for
promoting e-commerce systems to business partmedshose using the EDI and Internet
systems on a daily basis. Interview respondents weked how they anticipated the impacts
of Internet-based e-commerce on the function ofifgartment and the likely benefits and
problems associated with this transformation. Datee collected using a tape recorder, and
transcripts were made which were imported into ABL#A(2002) for analysis.

The model was programmed using the SDML (Wallis lslods 1994) platform. SDML is
based on Smalltalk, which is a declarative, obpeieinted, programming language. SDML
was specifically designed for developing ABMs ofisband economic scenarios, and has a
large range of functionality that makes it highlyted to this task.

In order to improve the relevance and accurach@®inodel, the findings were taken back
into the field to involve the stakeholders in arative evaluation process. The objective is
to create an interplay between data collection,ehddvelopment and validation. The arrow
on the left of Figure 1 indicates the iteratiorttod redevelopment cycle:

Figure l: Methodology flow diagram
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Case studies allow a perspective that is fundartigimalusive because they permit
collection of a wide spectrum of different dataggpThis study draws upon several different
paradigms and combines individual methods, in paldr integrating the qualitative with the
guantitative. Integrative approaches are justifigdhe argument that flexibility in choice of
research methods allows a richer understanding\veldp of complex issues (such as the
impact of technological change). This is what Mirsg001) terms strong pluralism where



“all research situations are seen as inherently ptew and multidimensional, and would
thus benefit from a range of methods."

The methods (outlined in Table 1) are listed with torresponding research approach
(underlying philosophical perspective) and the dgp@s involved. Interviews and
stakeholder evaluation generated qualitative inmuantitative data consisted of sales and
marketing data. By the definition of Mingers (200this design is multi-method.

Table1l: Summary of the research methods

M ethod Approach Data Type
In-depth Interviews & Analysis Interpretive Qualitee (emergent findings)
Simulation Modelling Formal Qualitative & Quantitat
Stakeholder Evaluation Interpretive Qualitative
Mall Statistics Positivist Quantitative

Both qualitative and quantitative data collectiam de enhanced by stakeholder
involvement. The role played by stakeholders i@ of participatory research method.
Such methods involve other clients making signiftazontribution to the research process.
Stakeholder involvement in ABM development is natirely new, in particular it has been
developed in natural resources and ecosystems miaieag (see Bousquet and Le Page,
2004 for a review) where it has been well-receivea growing number of projects (Janssen
2002; Barreteau et al. 2003) in particular the-pibe/ing experiments. However there is
scarce literature concerning ABMs and participateisearch within aommercialsetting.

According to Easterby-Smith et al. (1991: p5-6) nagement research has three distinctive
factors that must be taken into account: the pracf management is eclectic and cuts
across technical, cultural and functional boundameanagers are powerful and busy people;
they are responsible for thought and decision-ngakimd therefore capable of taking action
based on new understandings or research results.

Both natural resources and commercial managemseareh must be adaptable and
sensitive to these three factors. Moreover, botleawours are concerned with the existence
of uncertainty (Simon, 1959; Cyert and March 1968ying been influenced by formal
modelling techniques in the field of decision thedMeanwhile there has been a parallel
development of participatory or collaborative meththat combine experimental elements
with cycles of learning and application to practiBele-playing games, conceptual
modelling, adaptive management research and asgmarch have become popular social
science methods.

Participatory ABM-building issues are very simifar natural resources and organisational
management and therefore so are the methodolddiesmain difference could be related

to, on the one hand, the strong commercial pressamenanagers of firms and, on the other
hand, managers’ difficulties in satisfying the maayflicts over limited natural resources. It



is not yet clear what, if any, differences this limpin design of social simulation research.
However some insights gained from the current ptojell be discussed later.

CASE STUDY OVERVIEW

As part of a large multinational based in the Uk tompany manufacture a range of
products to equip factories with Industrial Autoroatequipment. The market is exclusively
business-to-business: engineers work closely wighhazners who rely on their technological
expertise to help design new production facilitielse company has thousands of direct
customers who are supplied directly from a cerftabpean store. There are also a large
number of independent distributing companies (thgtors) who hold stock locally,
covering every region of the UK. Unlike the manugeer, they provide for credit card
purchases and are willing to take the financid asdealing with smaller customers. The
distribution arrangement is shown in Figure 2.

Figure2: Market structure: heavy lines show the flow alens and normal lines show the
market relationships presenting all other kindsdrmation flow).
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The factory automation and power supply sectorsbase well developed systems for
business-to-business e-commerce, and its marldgrieademonstrate an organisational
culture very supportive of the new technology. Fittv point of view of the organisation,



which shall be known as Automata, e-commerce is ase critical set of opportunities to
improve customer services provision in the shamtend to provide key strategic
advantages in the long-term.

The stakeholders’ involvement helped to targetrésearch towards relevant issues: initial
discussions established that it would be apprapt@focus on Customer Services (CS), the
area that was estimated to be the most affectdeighort to medium term by the
introduction of the electronic mall. Moreover, th@vas some degree of uncertainty over
policy-making options in this area.

At Automata, EDI is well-established and has bessduvith business partners (some
distributors and some large customers) for a nurabgears. The focus now is on providing
e-commerce to the remaining partners through dpwstat of an Internet-based electronic
mall tied into a gateway system, and operated nalighwith existing manual ordering
systems. The proposed e-commerce system is shokigure 3. As the initiator, it is
essential that the manufacturer set up processdtettively manage the customer and
distributor adoption of e-commerce. However, itegued that the manufacturer was well
aware of customer needs, carrying out customeirressl surveys, publicising and putting
forward e-commerce to their distributors, and hg\ardedicated e-business team.

Figure3: Proposed information infrastructure: type of doemt is shown in a bold font
and transmission medium is shown in italics
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MODEL DESIGN

The research design intended three areas wheredtiel could be compared with the target:
(1) model assumptions are informed by intervievadé) simulation results are compared
with statistical logs from the mall, and (3) stasilelers participate in an iterative evaluation
and redevelopment process. Points (2) and (3)owikkddressed in the discussion later.



Because (1) does not concern stakeholder participat be covered but briefly here while
introducing the model.

An ABM of the supply chain described in the presd@ection was developed, in which
direct customers are supplied by a (single) manufag and other customers are supplied
by independent intermediaries. The model is sinedl#trough discrete time-steps, called
trading cycles, in which agents interact via matkatsactions, and through various
communication interactions.

Customer and intermediary agents are located oidavpere the concept of
‘neighbourhood’ is important in defining how intetns take place: a neighbourhood is
defined as the area including eight squares in eatie cardinal directions (North, South,
East, and West), and neighbours are all the aggentswithin these squares. The
geographical aspect is important because commioricikes place exclusively amongst
neighbouring agents. Secondly, local distributiervies are highly valued by some
customers.

It is assumed that technological competence ofiligbrs varies:

“Some of our distributors are much better than ethsome are more technically
competent. They employ the right people with thletdbackgrounds and training. At this
moment in time | have some reservations abouthiiyaof some of our distributors to
serve our customers in the way we would like4)

High, low, and medium levels of technical compe&are modelled (by coding with the
integer values 1, 2, and 3 respectively). By comspat it is assumed that the technical
competence of the manufacturer (in terms of knogéeaf the products, and product areas in
which they operate) is at the medium level.

Intermediaries make a profit on their sales becthesgbuy at a discounted price and sell on
to customers at a higher ‘selling price’. Internaedis that are not profitable, having zero
profits over the trading cycle, (i.e. they do nchigve any sales) are removed from the
simulation in subsequent cycles.

Intermediary agents are therefore distinguisheddmgraphical location, technological
competence and selling price. In reality, distrdostrarely run out of stock, and so for
simplicity we assume that replenishment equals rurabunits sold in each trading cycle.
Customer agents also differ in their demands. Delmaas modelled with an exponential
function This type of distribution was sketcheddme of the interview respondents as a
schematic approximation of the market: tens of amals of small customers, but tens of
very large customers.

Communication processes inclugderrals communicationwhere the customer receives
information about the existence of alternate padéstippliers, antendorsements’
communicatioror influence processes. Referrals communicati@eays in two varieties.
‘Customer referrals’ is defined as the process wiheach trading cycle, the customer has a
‘word of mouth’ communication interaction with ooéits neighbours, chosen at random.
The customer receives information about the exigteri alternate suppliers through this



interaction: the neighbour communicates the idgutitthe supplier it used in the previous
trading cycle. On the other hand, ‘manufactureemrads’ describes the case where a
customer contacts the manufacturer directly andesig a referral to an alternate supplier.
Then the manufacturer informs the customer of dleation another potential supplier, which
the customer may subsequently contact and order. fro

It was assumed that interactions take place amosigpmers, in which information is passed
about the characteristics of the supplier and atimubhature of the electronic mall.
Fieldwork analysis identified several hypothesesuale-commerce (HEC) and about
distributors (HINT) considered by the interviewpeadents to be influential in shaping
attitudes (see Table 2).

Table2: The HEC and the HINT

HEC

It is extra work for us to use the mall compared tmanual system

IAlmost everybody will soon be using Internet-EC: stwuld be doing it too

Instantaneous and quick access to information (emeapto traditional channels) is a benefit to us
The 24-hour availability of access provided by ithed! is of benefit to my company

The provision of up-to-date and accurate inforrratia the mall is of benefit to us

The digitisation of product data sheets and thdahility of software updates is a benefit

The reduced possibility of errors occurring in aedgoing through the mall is a benefit

The provision of more user-friendly ways of accegsiccount information on the mall is a benefit
It is expensive for us to set up and maintain heebased systems compared to manual ones

| am concerned about security issues with Intebased systems compared to manual systems

| am receptive to Internet-based EC because | éxpeshall receive extra discounts if we adopt

| am concerned about the lack of technical supmugtexperience within the company of using EC
| am receptive to EC because | expect we will riee@nore customer referrals if we adopt

HINT

The supplier offers a good discount on the seltirige of the product

| am concerned that the distributor may lack tecdiniompetence

The location (ability to offer a local service)tbe supplier is a benefit

This communicated information, which was labektatements one type of ‘endorsement’:
agent reasoning is based on an ‘endorsements sttered from the work of Cohen
(1985). Endorsements can be viewed as reasondi@gder disbelieve a hypothesis. In the
model, agents collate data relating to hypotheleatantermediary performance, and about
the benefits and disadvantages of using InternethifGrmation is gathered through
interactions with neighbouring agents, with the ofanturer, and through experience of
using the Internet-EC system. The endorsementsrexises a lexicographical ranking
system whereby different beliefs are assignedfaréifit level of importance: those regarded
as more important take precedence over lessenvamas agents take decisions. The



advantage of an endorsements scheme is thatwstlte use of qualitative data to initialise
the model, and preserves the structure of thattdewaghout the course of the simulation.

Agents are endowed either with a manual-card-bas€b-computer-based system. Two
IOS also exist for placing orders - FAX-telephomd&®I. They can subsequently adopt the
Internet mall system for ordering (direct customersfor collecting information
(intermediated customers).

Automata’s e-commerce strategy is to ensure thgtbowers and distributors are informed of
new possibilities for doing business electronicadliyd moreover to encourage and provide
incentives to use their systems. These incentivmgdrinclude offering financial support
(funding and equipment) to help with setting up EChnical support and training for use of
EC systems, and a discount incentive, as becaraetbi®ugh the fieldwork:

“We are starting to incentivise them by giving tlamextra percent [of discount] if they can
trade with us electronically.(P8)

“It may be a case of getting somebody to get irchisand go round and see everybody and
promote it and say "this is how to do it" and gebple in there and help customers set it up
because they haven't always got the resourcestttirpa into setting it up at their end.”

(P7)

SDML clauses were defined to represent EC Set-@pT&chnical, and EC Discount
support strategies, providing arguments for thewrmof support and trading cycle when the
offer is made. This permits flexibility for explog the role of manufacturer interventions in
shaping customer attitudes.

SIMULATION OF SCENARIOS

The scenarios presented here include differentifsgeons of agent interaction and
communication, with manufacturer strategies fordhpport of EC adoption. Taylor (2003)
includes further results including sensitivity arsaé of model outcomes to initial conditions
and different parameterisations of the model.

The first two scenarios, S1 and S2, compare twierdit communication processes. S1
explores customer referrals via ‘word of mouth’ coomication, whilst S2 explores
manufacturer referrals. The addition of new links. (possible choices of supplier) can be
interpreted as a trend of increasing competitiorctstomers. For illustration, Figures 4 and
5 show comparison of single runs initialised whl same random seed.

Examining intermediaries market share (Figure il&,noticeable the large variation in the
first few cycles of the simulation. Then, from anduT C40, a group of four distributors
having high volume of sales can be observed clesgharating from the rest. Whereas the
largest distributor, intermediary-14 reaches 1687wt TC100, and the second, third and
fourth largest all manage sales of 900+ units gtlieer clear cut-off point between these four
and the rest of the distributors, all of which mgmaales of under 500 units per cycle, from
TC 20 onwards. In fact, in the later stages ofsihaulation, the four larger distributors
receive orders for more than twice as many unésa the next largest distributor. Profits are



more evenly distributed, however, with five largstdbutors sharing a similar amount of
profits, at around 10-15,000 each, but also wighaup of six medium-sized distributors
making profits of 5-10,000, and the rest makingMeetn 1-5000 profits. In this simulation,
all intermediaries survive until TC100. Seventeéthem are consistent users of Internet-
EC.

The number of users of EC is high for direct cugtmsnreaching a maximum of 236 at
TC64. As illustrated in Figure 4c, the number aérgsgradually drops after TC70. This is
because the addition of new adopters is slowerttadecline in total number of direct
customers: shifting direct customers to distribsitoas a parallel manufacturer policy being
simulated. The graph also illustrates a notablelgdyween the number of adopters and the
number of users via distribution, revealing thanheccustomers after having adopted the
mall subsequently stop using it.



Figure4: Manufacturer referrals scenario (S1) results shgwme series of intermediary
sales (a:top panel), intermediary profits (b:midoeel) and number of adopters/users
(c:bottom panel)
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In contrast to the first scenario, in S2 custoneéemrals are specified rather than
manufacturer referrals. Figures 5a and b were obdairom the same simulation run,
specifying customer referrals but no communicatbandorsements. The results in Figure
5a show the domination of the intermediation fumttdy a single intermediary,
intermediary-14, obtaining more than twice the wotuof sales of the second largest (2685
units compared to 1319 units). Although five intediaries manage sales volumes of greater
than 500 units, there is high inequality. The majdrave sales of less than 200. This
inequality is also reflected in the result thatréhis one intermediary casualty: intermediary-
2 survives only up until TC19. The largest intermeglalso makes a profit of more than
18,795 in TC100 (an increase of 24% over S1). ¢h feéigure 5b shows a sharp decline in
profits for many distributors, whereas other dgitors grow quickly in terms of

profitability. Intermediary-18 is the most visitdgample of this: starting with a very low
profitability in the early part of the simulatioimt-18 overtakes many other distributors that
are experiencing declining profits, rapidly incres$o a profitability of more than 15,000 by
cycle 20, and becomes the most profitable interargdn TC27. Compared to S1, this
simulation exhibits greater short to medium-termat&gon. The path of adoption of Internet-
EC is not shown for S2. It is virtually identical that of the first scenario: high adoption
amongst direct customers but low adoption amongstbmers supplied via distribution.

The extent of the market domination by few largarthutors in these simulations gives us
an important result: it suggests that customerrn&te a local, ‘word of mouth’, customer-
to-customer communication, leads to more distribitequality compared to manufacturer
referrals. It results in large majorities of cusamchoosing the same (few) suppliers.

In the simulation shown in Figure 5c, where agentkte endorsements, the number of
customers via distribution reaches a maximum of&@g#nts in TC100. This is

approximately three times as many as in the cat®utiendorsements (83) or in S1 (109),
whilst the number of direct adopters is approxidyatiee same. This suggests the increase in
intermediated customers adopting must be attribiasteélde communication of endorsements
during those interactions. Communication of endoesa drives the high level of adoption:
through customer-to-customer persuasion interagtiotermediated customers can collect
information relating to the benefits (and disadeges) of e-commerce. In this case, many of
them are persuaded to adopt.



Figure5: Time series of intermediary sales (top panetgrmediary profits (middle panel)
of customer referrals scenario (S2) and numbedopters/users (bottom panel) of customer
referrals with endorsements scenario (S3)
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Finally, Figure 6 shows the results of a testli@r existence of the Pareto Power Law
distribution, which states that there is a loganithrelationship between the cumulative
frequency of events (in this case, number of wsotd) and the smallest to largest ordering
of objects to which those events are ascribechisndase, intermediaries). The figure shows
five plots for the small simulatiotisvith customer referrals without endorsements
communication. Excepting the first two or threeadapints, there appears to be a linear
relationship.

Figure6: Log of cumulative sales - customer referrals wtmmunication of
endorsements (S3)
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The following simulation experiments consider matfirer support strategies for Internet-
based EC: support with EC set-up, with technicavikedge, and extra discounts. All of
these simulations are carried out with customearrafs and endorsements communication,
without preferential referrals. Results of the fsumulations are shown in Figure 7, where
number of users is plotted against time cycle eimgle graph. It is clear that in the
simulation runs where no support is offered toaiceistomers usage is the lowest (43
customers in TC 100) whereas offering some kinsugiport always results in a higher level
of usage. This is not surprising since the modalim&d that the customers always view
these support interventions positively. In the :BptSupport Only’ simulation there is a
small increase to 56 customers, and in ‘Techniogp8rt Only’ there is an increase to 62
customers. The ‘Extra Discounts’ incentive resultethe largest increase in level of usage
to 69 customers (a 60% increase over ‘No Support’).



Figure 7. Time series of simulation of manufacturer supgtrdtegies (S3)
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Figure 7 also demonstrates s-shaped adoption @ wsirves, indicating a slow initial
take-up, moving into a period of faster adoptiang gradually slowing to a saturation point
after about thirty cycles. This is an importantutebecause it shows that the model exhibits
an outcome resembling a pattern identified in ercglistudies of technology diffusion.
Further model details and analysis of simulatiopeginents can be found in Taylor (2003).

DISCUSSION

The earlier section showed how the interview dateevused to inform model assumptions.
This section discusses the points (2) and (3) contug model validation, reintroducing the
stakeholders to do so.

Collaboration between the researcher and the stédeis entailed frequent e-mail,
telephone and face-to-face discussions, and pegamg. The aim was to develop the
partnership and an understanding of the projeat. @drticipation was organised as it could
best fit into the agendas of the stakeholders,rdaug to the research needs at the time.

Consultation always took place at the headquantfefsitomata, using their facilities. The
model was not intended to be used directly in tlsessions, although on one occasion a
demonstration was given. This experience showeddttieas quite difficult to explain, in
one sitting, details of the implementation. Ald et of input parameters were too large
and the visualisations in this case, not partitplaelpful. A simpler model, linked to some
conceptual modelling beforehand could have beeremaccessful.



To one of these meetings, the stakeholders bragghé statistical data detailing the recent
performance of the Internet mall. Figure 8, a chastluced by one of the stakeholders,
shows the number of mall orders and the total nuraberder lines included in those orders.

Figure 8: Mall Statistics chart produced by one of the shaitders
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Order lines specify type of product and numberrofaurequired. Orders therefore range
from the very large (many units of many differeypes of product) to the very small (a
single line requesting one unit) so the mall stiasgtherefore only give us an estimation of
the value of Internet sales. The chart illustratesncreasing number of orders and order
lines over the period October 2001 to July 200addition, there were increasing numbers
of customer adopters (i.e. registered users owétesite) over this period. There were 35
customers submitting a total of 36 orders durirgrttonth of October 2001 (1.029 orders
per customer) compared with 201 customers submigs8 orders during July 2002 (1.284
orders per customer) which represents an incrdg2e%6 orders per customer. They submit
an increasing number of order lines: from 306 liime36 orders (average 8.5 lines per order)
to 2882 lines in 258 orders (average 11.17 lineopder), an increase of 31%. This
represents a significant increase in transactidmves and indicates that customers may feel
increasingly at ease with the new system.

In the research design, point (2) marks the coraparbetween macro outputs of the model
and empirical data of similar nature. The mallistats provided a general outline of what



macro-level behaviouhe model should be capable of producing. Stesiktesting, as
exemplified in the cross-validation approach (Masd Edmonds, 2005), cannot be carried
out using such a dataset. That the ABM generatgtdek patterns of adoption and use of
e-commerce does not constitute a strong validatighe simulation. It does, however, show
that the simulation system behaves plausibly aatdfsent scenarios.

The more stringent test of validation is the qa#ile validation ofmicro-level behaviour
point (3) mentioned earlier. This aspect reliesrugpe participation of the stakeholders in an
iterative evaluation and redevelopment processvtilves assessing both the assumptions
upon which the model is based and the micro-beliawbsimulated agents, in terms of
their plausibility, as outlined in Downing et a2003).

In the participatory sessions, model assumptiong wescussed, for example, the set of
hypothesised drivers and inhibitors of Internebeimerce (Table 2). During the fieldwork
some factors were more frequently or emphaticatiyplighted by a respondent. Responses
guided an initial ranking of these hypotheses imseof importance. Discussing these
findings with the stakeholders and describing tloeleh that was being developed, then
helped to refine the rankings used in the endoratsmaodel. Whilst Automata thought they
had identified many of these factors, they realtbed they knew very little about breadth of
perceptions across a very heterogeneous rangestfnaers. It was then planned that the
researcher would carry out an independent custsargey to better ascertain this. For
reasons to be shortly explained, the survey didala place. However, the plan illustrates
the role of the stakeholder also in the desigmefresearch.

There was some discussion of the idea that ‘rdeec@nmunication’ could take place

locally and informally amongst customers. The stakegers said that such interactions might
take place, though they were not well informed altoat. However, they did suggest what
could be stronger reasons to support the assumpiitistty that customer-customer
interactions might also take place indirectly tlglwisits from members of the Regional
Sales teams (i.e. the engineer might report whneratustomers are doing), and secondly
through staff turnover (employees move from compangompany, bring new ideas with
them). These discussions provided additional faetnd nuanced information and
demonstrated how stakeholder participation canavgand strengthen the process of
model development.

The participation of the stakeholders enabled tiimmeof the evaluation loop described in
Figure 1. However there were some unforeseen difigs, related to the changing
circumstances within the company, which hinderedrédevelopment cycle. The imminent
arrival of a new director and of the approachirtgement of one of the stakeholders would,
it was anticipated, provoke changes both in the thaydepartment was run and in the focus
of development for the e-commerce team. After tiigal high level of enthusiasm for the
project, these factors led to a lessening of inmlent in the project in the face of more
pressing commitments. Stakeholder evaluation mgeivere therefore shorter and fewer
than had been expected. The consequences of doisa@ involvement were: lack of access
to data, difficulties in completing the model eation process, and eventually an abrupt



ending to the project. As stated earlier, thistigpacal pitfall of doing management research:
contacts are very busy and can commit little timevolvement in research.

The stakeholders were satisfied regarding the flaitxs of model assumptions and with the
preliminary findings of simulation experiments.this study, the two stakeholders were
familiar with most aspects of operations, beingimed in those processes and with those
(individual and organisational) actors. They alawéhto consider different strategic
alternatives as well as future planning beyondsti@t-term. The stakeholders at Automata,
it would be expected, are sensitive to results‘tt@not look right’, i.e. not like anything

they have observed or, in the case of scenaridaj@went, believe to be plausible. The
stakeholders did not understand the model in thestuisense of tracing the microbehaviours
of embedded agents and building up accounts oftsigegrceptions, interactions and
decisions. Providing explanations for behavioutatomes in this manner (see Taylor
2003:187 for an example) was the intended apprtmdhe participatory sessions, but was
not carried out. Method (3) of comparing the siialamodel with the target was therefore
only partially realised, in the iterative evaluatiof model assumptions and agents’ rules and
preferences.

CONCLUSION

Methodological issues have been addressed abooathee of stakeholder involvement in
agent-based simulation projects, and about thelgessays to validate a model with
different kinds of empirical data. Questions agsirom case study inquiry concerned the
impact of Internet-EC on the supply chain, andartipular the implications for the
traditional intermediaries: the distributors. Fietitk analysis was supportive of a weak
disintermediation hypothesis - that some limitesirdermediation could be expected, and
that this could form part of a manufacturer strategimprove information flow throughout
the value chain.

The approach used was base model development ttatjua and quantitative information
provided by the stakeholders and interview respotsdeentifying the main units of agency
and processes involved. Subsequently the ABM wasamed to explore the areas of
uncertainty concerning the nature and effects ofroanication among customers. Automata
knew very little about these processes, it beirdplematic to collect such information.
Further uncertainty existed over the kind of supptrategies that would need to be
employed.

The model development cycle was reported, wheharstakeholders also contributed to
evaluation of the research in several ways. ThaBdation procedures were carried out
inorder to help establish confidence in the plaligitand relevance of the model to the case.
It is worth noting that the number of stakeholdak®lved here was very small. This
illustrates the fact that the success of a resganghct involving industrial partners depends
critically upon getting the attention and interebne or two key managers. Indeed it may
be difficult to get an initial ‘foot in the doorfahe organisation. But once this can be
secured it can illustrate the principle, describgdHammersley and Atkinson (1983, pg. 60),



of informal ‘sponsorship’ that serves to validdte presence of the researcher and pave the
way for access. Furthermore, as in this case sthdysponsoring individual(s) are likely to
be willing to fulfil the stakeholder role. Thereeatifficulties associated with this
methodology which have also been seen: obtainiggimed access to these people can be
problematic and changing circumstances can cuh@iiesearch.

Whilst it should be emphasised that formal modatmot substitute for multiple case studies
informed by qualitative research, it appears thamuch to be gained from using ABM in
parallel. In essence, this is the argument for imelthodology: a debate which is attracting
much attention in the area of management of infaomasystems. On the basis of findings
reported in this paper in commercial or organisetiosesearch settings, ABM can be
proposed as one such alternative.
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'For marketing reasons, the organisation did nolhWigir identity to be known, so the organisational
pseudonym Automata has been adopted.here

"Stakeholders can be distinguished from other imgusintacts by their participatory role in determgthe
scope, objectives, and methods of the researahkelhss in its evaluation.

"ATLAS is widely used by researchers in the soaml management sciences to organise their primaday da
and to facilitate the qualitative analysis. Themaénefit of using ATLAS for model development lies
making explicit the mapping of case data to modsuenptions.

v Large and small simulations were carried out, whke size of grid and number of agents differadeks
noted otherwise, all simulations reported hererref¢he large simulations.



