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Abstract 
This paper describes a control theoretical model of collaborative value devel-
opment. This model is designed to assist managers in choosing parameters 
that are critical to the development process in service design and support 
their Business Model. This methodology uses control system modelling of 
web-based service value generation implemented in SIMULINK/MATLAB. 
An application based on public domain Wikipedia data is used to validate 
and develop the model. A control theoretic model applied to the creation of 
Wikipedia articles shows very good agreement with Wikipedia published data 
for the time dependent growth in articles produced, and editors used, well 
within the variability of parametric data listed publically justifying the princi-
ple equations used in the model. This development and fine tuning of the 
model has been limited by the publically available data. To obtain a more ac-
curate model in this area would need the co-operation of web service organi-
sations to reveal confidential data. This modelling procedure can produce a 
decision support process for service design and could, with modification be 
applied much more widely to other choices in service design/implementation, 
even allowing for user contribution to be evaluated. This work shows how 
subjective judgements on value and other intangibles need to be continually 
re-evaluated. Such methodology has not been applied elsewhere to value gen-
eration applications. It could be used to rank contributions from co-creators 
for reward sharing. 
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1. Introduction 

In the past twenty years, many web based companies have been created to allow, 
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facilitate and service the large and growing number of customers’ interactions. 
Successful organisations such as Google and Facebook have several billion active 
users [1] [2]. Service provision in advanced economies has grown substantially 
in significance. The resource needs and implications for the developing service 
need to be predicted. To make an organisation functionally efficient and profit-
able, it is critical to be able to predict staff allocations and productivity required 
for the business model [3] [4] [5] [6] [7]. System Dynamics (SD) models were 
first used to facilitate these computations [8]. Hajiheydari and Zarei [9] use SD 
models to inform the Business Model (BM) decision making process, later 
evaluated by expert opinion. Little or no examination has been made of such 
businesses in a dynamic sense. 

A service economy such as those in the web based environment is seen as dif-
ferent from a product dominated economy. Service Science is a branch of Sys-
tems Theory [10] which combines engineering with management and social 
science, provides a theoretical basis for this change in emphasis. In a rapidly 
changing world, models of the development of services are required, to enable 
companies and managers to compare their performance with what is possible 
and practicable. An example is the development of software [11]. These models 
have been used to estimate the effects of rework as an important component of 
the total effort needed. The value that a customer sees in the service provided by 
a business is a key issue in how the company subsequently develops throughout 
time. 

The aim of this paper is to build and evaluate a control engineering based 
model of value development with external and internal actors. The results of a 
case study using computer simulation of the model with SIMULINK are then 
compared to the published development of the Wikipedia web based system to 
determine the validity of the model.  

Gap in the Literature 

Current theories of value generation specify the inclusion of the concept of 
co-creation of value by customers. Use of a large number of co-creators makes 
managing the complexity of the value generation process much more difficult. 
The problems of using numbers of co-creators or editors in the Wikipedia envi-
ronment have sparked considerable research into the reasons why people con-
tribute in this way [12]. Their principle findings are related to motivation and to 
the problems of conflict. Similar statistical modelling work on motivation of 
open-source software contributors by Santos et al. [13] has shown that the at-
tractiveness of the work is the most important factor and this can limit partici-
pation to only a few contributions. 

Few reliable SD models have been derived for the case of web-based 
co-development and as yet no fully validated models of any type are available. It 
is this issue that this model and validation application addresses. Current litera-
ture is now reviewed to show where the present application fits. This is followed 
by a description of the methodology used and the results obtained. 
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2. Literature Review 

Forrester [14] discusses the lessons from System Dynamics (SD) modelling for 
business and social applications stating that the purpose of such models is to 
“organize, clarify and unify knowledge” “of an important system”. To model the 
collaborative development of a web service, the various actors and users of the 
system, as well as the underlying dynamics of the system, have to be taken into 
account. Existing models of web services are explored to see the range of appli-
cability and then the current viewpoints in value estimation techniques are cri-
tiqued.  

2.1. Models of Web Service 

Various models of service provision have been made in software development, 
in mobile telephone provision and, while at IBM, Lee et al. [3] produced a novel 
control engineering model of staff provision in the service supply chain. Li and 
Nahrstedt [5] have devised a control theoretical model of task control of service 
using state-space analysis with digital Proportional Integral and Derivative (PID) 
control to provide some degree of fairness of resource allocation. 

The earliest successful project development models using System Dynamics 
(SD) in 1964 led by Roberts [15] were followed by Abdel-Hamid and Madnick 
[16] in the modelling of the operational processes of software development 
showing good agreement with NASA data. Rodrigues and Bowers [6] describe 
subsequent progress in the modelling of the operation of software projects. Ly-
neis and Ford [4] pointed out the dominant effect of rework and how factors 
such as quality or productivity affect project performance. Rahmandad and 
Weiss [17] investigated the dynamics of concurrent software development de-
fining feedback loops, which dominate inter-project dynamics and tipping 
points that control the success or failure of projects. Ford [18] highlighted the 
essential feedback processes arising in all projects, not just software develop-
ment. Trammell et al. [19] used SD to evaluate the effects of funding fluctuation 
on software development. 

Models in this area have been devised with the purpose of reducing queues 
and ensuring rapid response to service challenges as illustrated by Parekh et al. 
[20] who used closed loop state-space control of queue length implemented in a 
Lotus Notes system to control server access. Another approach is typified by 
Vlietland and Vliet [21] who devised a control system for the procedure of han-
dling Information technology (IT) incidents applied to service teams in a large 
financial institution. Yang et al. [22] have compared simulation models with dif-
ferent cost models. 

Modelling undertaken by Oliva et al. [23] on the limits to growth in the new 
e-commerce economy, points out the large impact of service quality on company 
success. Productivity in service systems was modelled by Diao [24] to predict the 
complexity of IT management, the dispatching of consultants, monitoring ser-
vice quality and variability. Kim and Choi [25] used an SD model to investigate 
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dynamic resource allocation in a service supply chain while Dutta and Sridhar 
[26] modelled the growth of cellular phone services in India showing fair agree-
ment with subscriber data. Lee et al. [3] devised a control system for workforce 
management for IBM. Oliva and Sterman [27] claim that in service provision 
generally, quality and productivity are perceived to have fallen compared to 
manufacturing, where quality and productivity have increased substantially. 
Richardson [28] shows how the feedback concept applies to cases of social sci-
ence, political systems and business applications. Gilb [29] maintains that in IT 
development all qualitative statements about service issues can be quantified us-
ing “planguage” to enable precise measures to be generated. 

In the following section the current state of measurements of service value and 
their problems are discussed and methods developed to reduce the scale of the 
measurement problem to produce a model of web development.  

2.2. Measurement of Service Value 

Service oriented business requires a different perspective for company operation 
than that of goods oriented business, due to assessment subjectivity, the intangi-
bility of the product and the high level of contribution of outside actors in the 
process. Relationship and services marketing can now be said to be dominated 
by value proposition [30] [31] [32] [33]. This shift in culture has paved the way 
for the theory of Service-Dominant-Logic [34] who define value as “benefit, an 
increase in the well-being of a particular actor”.  

To visually assess service interactions, Shahin [35] refined the Service Quality 
(SERVQUAL) scheme, presented diagrammatically in Figure 1, to show gaps in 
both services provided and those experienced by recipients. In Figure 1, the 
fundamental expected service and perceived service are attributes of the con-
sumer. The expected service depends on word of mouth communication, per-
sonal needs and is modified by past experiences of similar and parallel situa-
tions. Table 1 defines the gaps in perception of service. This structure presents  
 
Table 1. Definition of gap function. 

GAP NO DESCRIPTION 

1 
Defines a difference in management perceptions of consumer or customer  
expectations and those of the customer expected service 

2 Examines the translation of management perceptions into specifications 

3 Concerned with the delivery of that specification. 

4 Communication problems 

5 Difference between expected and perceived service 

6 
Recognizes that employees of the organisation do not have the same  
perception of the service compared to that of the consumer of the service 

7 
Models a difference in perception by management and employees  
regarding customer expected service. 
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Figure 1. Service quality gap assessment (Adapted from Parasuraman et al. [31]). 

 
the stakeholders’ perception and expectation of service interaction to identify 
focal areas with service gaps for rectification. SERVQUAL, as originally specified 
[31], is a subjective survey, using a seven point Likert scale producing a weighted 
average score. The SERVQUAL formula does not include any time dependence 
or lead/lag effects of the assessment process. 

Cronin and Taylor [36] suggested an alternative; methodology, SERVPERF, 
that focuses on actual performance based measurements. The major disagree-
ments raised after the introduction of the performance based tests were ad-
dressed by Cronin and Taylor [37]. 

Van Dyke et al. [39] and Van Dyke et al. [40] concluded in their reviews of the 
SERVQUAL questionnaire with recommendations for a different approach for 
assessing quality in Information Systems (IS) services. They pointed out that the 
“conceptual difficulties” of “recognizing the perceived value” as a “gap score”, 
“the ambiguity of expectations construct”, “the unsuitability of using a single 
measure across different industries”. Jiang et al. [41] came to similar conclusions 
for IS service quality. 

The analysis from these papers and others does illustrate that using question-
naires to measure expectations with other ill-defined properties and opinions is 
fraught with difficulties. It is unclear that the investigators and clients have the 
same understanding of a defined parameter.  

Kettinger and Lee [42] modified the SERVQUAL instrument. They tested the 
new instrument and found better reliability and validity. Comparative studies of 
SERVQUAL and SERVPERF using their psychometric properties and diagnostic 
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capabilities applied to service quality gaps are claimed to provide insights for 
managerial intervention [43].  

Landrum et al. [44] explained that the perception of success while using 
SERVQUAL or SERVPERF is strongly dependant on the occupation of users. 
Rodrigues et al. [45] found that of the dimensions tested, tangibles and reliability 
were more important.  

A further significant factor is the time interval between when service actions 
occurred and when the judgement of the service was made. This is not addressed 
by any of these tools.  

McKinney et al. [46] took a different approach to investigating web–customer 
satisfaction by separating the web-site quality into information quality (IQ) and 
system quality (SQ), revising the definition of expectation and perceived per-
formance with reported success. Jia et al. [47] derived inspiration from the pro-
ject models of Abdel-Hamid et al. [7] and proposed a new model of IT service 
with 4 dimensions to test quality issues relating to goal setting. Whenever a large 
input from diverse actors occurs, the intrinsic time lags involved soon causes 
project slippage and severe financial costs as evidenced in the defence and soft-
ware industries [48] [49]. It is impossible to implement with the small number of 
staff who are usually available in the business as evidenced by the current prob-
lems at Facebook. As such, the inclusion of a large number of co-creators be-
comes not merely desirable but essential. This is an example of the Law of Req-
uisite Variety [50]. Exogenous actors working together with staff from service 
providers inevitably co-create or co-provide service value. Hilton et al. [51] con-
trast the idea of value co-creation with service co-creation arguing that value is a 
personal judgement and so cannot be co-created but that service co-creation is 
the activity of planned resource integration which is intended to raise value as 
perceived by the customers. 

To summarize; the service quality measurement tools available have been 
considered to have problems in concept or application. Perceptions of quality 
expectation can be measured with differing degrees of reliability. There is 
slightly better evidence to say that performance can be measured but this de-
pends on the background of those who are asked for a judgement, so it is not 
objective. 

3. Methodology 

System Dynamics was developed from control theory by Forrester [8] in the 
1950’s to enable those methods to be applied to non-engineering situations. 
These SD models use the basic principles that all systems have feedback, both 
positive and negative and suffer delays in information processing or physical 
flows. 

Control System (CS) models have been applied to software development by 
the first author [52] to determine project stability and optimise agile methods, 
[53], to supply chain behaviour by the Cardiff School [54] and labour supply by 
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the current authors to see what effects the addition of labour has to simplest 
supply chain [55] for the stability of such systems. Such models are useful be-
cause no human devised system is in equilibrium, as is assumed by SERVQUAL 
and SERVPERF, but is a dynamic time dependent process. It is certainly clear 
from the published Wikipedia results [56] that this is the case. Their advantage 
over SD models is the facility to vary the type of delay, nonlinear functions and 
variable gain and produce optimal solutions. These models allow researchers to 
investigate the causes of such dynamic behaviour in a wide range of problem ar-
eas. The fundamental purpose of such models is to identify feedback processes, 
effective time delays and amplifications of signals that dominate the dynamics. 

As indicated by the survey of feedback by Richardson [28], processes in this 
field contain feedback loops and recognition of a deficit between a desired state 
and the actual state. It is worthwhile noting that real physical control processes 
in biology use difference measurements. All the models of software processes 
examined by Abdel-Hamid [16] are represented using this structure with con-
siderable success. The SERVQUAL representation (fig 1) echoes this but it is not 
the rationale for the choice of this model structure, rather the model provides 
evidence for some of the basic structure of SERVQUAL assessment but not its 
measurement processes. 

The prime purpose of a service value model is to enable the development 
process to be predicted and hence, controlled or moderated in an inclusive and 
collaborative development environment where no one person or organization 
has sufficient total control authority. This model relates to the parameters influ-
encing co-creation of service with assumptions that include co-creation (or 
co-production) as a normal activity by originators of the articles and editors. 
The exceptions are that the productivity of the internal and external sources may 
not be the same, and the associated time delays may be different, usually slower 
for the external contributors. It is assumed here that the users have already cho-
sen to use “Self-Service Technologies”, which is an issue discussed in some detail 
by Meuter et al. [57]. They outline the problem of adoption of such new tech-
nology discussing the ability, motivation and clarity of role of users. These are 
well defined here because of the specific nature of the Wikipedia example but the 
agent classification would need to be made clear if the model is used elsewhere. 
The model does not have these parameters deployed separately but they could be 
a prime example of such an improvement or extension. Both users (co-creators) 
and editors are largely self-selecting in the Wikipedia example. This will not al-
ways be the case. 

Formulation of the CS Model 

To formulate the model of service development, terms need to be carefully de-
fined. Service value is defined here as a state. This is a key concept. If value can 
be measured in any concrete form then it can be defined as a state since it can be 
added to and can be depleted. In the case of Wikipedia the value (state) is meas-
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ured as numbers of completed tasks or articles added to the encyclopaedia. The 
more articles there are the more use (value) the encyclopaedia has to the end 
user. In the case of open-source software development the value (state) would be 
some function of the number of lines of code implemented or task functions 
completed. 

The overall structure of the model with subsystems is shown in a causal loop 
diagram in Figure 2 and the Simulink diagram Figure 3. In the model, Value 
(number of articles) is increased at a rate of AVR and destroyed at a rate of DVR 
[58]. In all projects there is some rework. Open-source software development 
follows the same patterns as for in-house developed software, except that time-
scales are likely to be much more protracted since there is no control of when 
external agents do their work. In the case of Wikipedia, articles are removed if 
they are judged to be poorly drafted, incorrect or malicious [59]. This type of 
process is seen in many natural and manmade systems [58] and is a common 
feature of SD models. 

The rate of change of the state, (Actual Value AV), equals the difference be-
tween the rates of change of value created (AVR) and the rate of change of value  
 

 
Figure 2. Causal loop diagram of the states and actions for Wiki development. 

 

 
Figure 3. Simulink schematic of the value development control model. 

https://doi.org/10.4236/ojmsi.2019.72007


A. S. White et al. 
 

 

DOI: 10.4236/ojmsi.2019.72007 133 Open Journal of Modelling and Simulation 
 

destroyed (DVR) (related to rework). This is a very common formulation in SD 
and the equation relating such processes can be written: 

d
d
AV AVR DVR

t
= −                       (1) 

In the centre of the figure the difference between AVR and DVR is integrated 
to obtain the actual value, AV. The rate of value destroyed is dependent on the 
number of agents (editors) at any time t. There will be a sudden change in the 
value destroyed as the editors become aware of the submission of material (arti-
cles). This is obtained from the number of agents (editors) multiplied by the in-
put step demand then delayed by a time Tad, the time taken for the material 
(documents) to be removed from the system represented by the control system 
element: 1/(Tdvs + 1) where s is the Laplace transform. The amount of rejected 
material depends on the fraction of the original amount (number) of material 
(documents) and the average productivity of the agents on average. The output 
of the delayed block is then multiplied by the fraction of the original documents 
rejected and multiplied by the average productivity of the agents, pre.  

These time delays are observed and recorded in practice. However the form of 
modelling here is the simplest formulation that could be used. The current data 
available does not allow for a higher order model interpretation.  

The value generated rate AVR, is made up of two contributions, from internal 
and external contributors. Both arise from the perception of a deficit or gap in 
service after a time Tp. The internal component is due to the number of internal 
staff Ne, multiplied by their productivity pre (Gain 7).  

The external component is due to the number of external editors multiplied 
by their productivity. An assumption is made that their productivity is essen-
tially the same, pre, as the internal staff (Figure 4). 

In the development of a web-based service, such as open-source software 
production, it is often the case that internal staff are used to check the material 
added to the overall value rather than create new value. These contributions are 
added and delayed by time Tav, which is the time taken to accept new material. 
This is also publically available data. Gaps 5 & 6 are implicitly embedded in this 
module. 

The form of service value is defined in the previous section by a perception of 
a service gap pgV, is equal to the expected value minus the actual value, however 
defined or measured (e.g. price). This is illustrated in Figure 5. There are again 
two parts to the perception of value, that arising from an expectation by users 
that changes with time and can be implemented as a linear function and a sec-
ond part where this expectation is generated by the editors. These perceptions in 
principle match SERVQUAL Gaps 1, 2, 3 & 7 in Figure 1. 

pgV eV AV= −                        (2) 

The number of contributors or participants in the development of value will 
grow, exponentially, as the word of the opportunity to contribute spreads. Ulti-
mately this will reach a limiting number of capable contributors, co-creators,  
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Figure 4. Generation of value in the value subsystem of Figure 3. 
 

 
Figure 5. Contribution of expected value in the expected value subsystem of Figure 3. 
 
either because they do not have the time, expertise or because they get disillu-
sioned with the exercise [60]. Suh et al. [61] point out two other issues that could 
cause this problem of a downturn in output. These are growing resistance to new 
content by the small number of prolific editors and the greater overhead im-
posed by the costs of coordination and bureaucracy.  

They also raise the issue of vandalism on various topics, which is topic spe-
cific. The rate at which informed participants increases depends on the number 
of participants who spread the word [62]. 

d
d
N AN
t
=                         (3) 

As a first approximation it is assumed that the reduction will also be a linear 
rate. This value has been approximated from known data. 

after a Time delay Tnf to disengagement this then reduces at rate edr 
This is implemented in Figure 6. 
All data for use to validate the model was derived from the data published 

online in Wikipedia [56] [58] [63] [64]. The form of this model is similar to that 
for simplified software development processes [52]. The SERVQUAL descrip-
tion of Figure 1 does not match exactly the CS model but gaps or differences in 
perception can be identified as causal elements in the creation of value process. 
In order to evaluate the model to see if its’ features are valid it has been used to 
determine the development of Wikipedia articles with time as indicated in Sec-
tion 4. 

https://doi.org/10.4236/ojmsi.2019.72007


A. S. White et al. 
 

 

DOI: 10.4236/ojmsi.2019.72007 135 Open Journal of Modelling and Simulation 
 

 
Figure 6. Generation of new editors in the Editor subsystem of Figure 3. 

 
The published Wikipedia data used for the case study simulation is given in 

Table 2. Generally, the published response [63] (Figure 7) for the production of 
Wikipedia articles shows a rising trend, at first nearly exponential, but tending 
towards a linear increase with time after 5 years, with a number of oscillations 
present in the curve of period around 2 - 4 months.  

There is a small surge in articles in the real data at around 18 months from 
Wikipedia’s start but the cause is unknown, contributors hint that it may be due 
to a statistical fault. The increase in the number of editors (contributors) of arti-
cles increases exponentially but reaches a limit and then declines. There is a sub-
stantial reduction in trend at around 80 months. It is not known exactly what 
has caused this change. 

The latter part of the data exhibits larger (up to 2000 editors) oscillations of 
around 3 - 4 months period. Results from the simulation in Figure 8 show simi-
lar shaped curves to Figure 7 with relatively good numerical agreement.  

The curves show an exponential rise to 5 years for both articles produced and 
the number of editors and the magnitudes are close using the best estimates 
from published wiki data [63].  

The discontinuity in the simulated data is sharper than in the real data. The 
editor simulation does not show the oscillations that are present in the real data.  

There are oscillations in the curve, for the articles produced after 5 years, but 
they are smaller than for the real data. No substantial oscillations are present in 
the simulated editor growth curve.  

“WMFArticlesVsContrib” by Bridgestone Partners [63] a consultant to the 
Wikimedia Foundation, Licensed under GFDL via Wikimedia Commons  
https://commons.wikimedia.org/wiki/File:WMFArticlesVsContrib.png#/media/
File:WMFArticlesVsContrib.png 

Figure 9 shows the effect of changes in contributor productivity the dominant 
parameter in the performance of the model and a similar but smaller effect of the 
productivity of the editors in Figure 10.  

A plot of the productivity of editors shows a similar but smaller effect. Pro-
ductivity of the contributor’s increases the number of articles produced as would 
be expected but the initial number of editors also increases the production of 
finished articles (Figure 10). An increase in the fraction of articles rejected by  
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Figure 7. Real source data for article development and the number of editors in Wikipe-
dia. 
 

 
 

 
Figure 8. Results of Editor predictions and articles produced vs time and compared with 
real data for Wikipedia. 
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Figure 9. Number of articles created vs time for a range of contributor productivity. 

 

 
Figure 10. Number of articles created vs time for change in editor productivity. 

 
Table 2. Best parameter estimates from Wikipedia web sites. 

Parameter Base Value 
A 0.06 
E 1 

eVi 3,000,000 
eVs 24,000 
fr 0.15 

Ne 144 
N0 458 
pre 2 
prc 2 
Tav 0.25 
Tp 1 
Tdv 0.25 

Tev 1m 

Tfn 3 

Tnf 32 

R 100 
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editors to 30% has a significant effect as shown in Figure 11, reducing the num-
ber of articles completed by around 5%. A reduction of 12% in initial editor 
numbers (Figure 12) produces a similar reduction in articles generated, while a 
30% reduction in initial expected articles produces a 5% reduction in articles 
produced (Figure 13). 
 

 
Figure 11. Number of articles created vs time and fraction rejected by editors. 

 

 
Figure 12. Number of articles created vs time for different initial number of editors. 
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Figure 13. Number of articles created vs time and initial expectation of value. 

4. Discussion 

These observed patterns are visible in the articles in other languages as well but 
are much more defined in English since there are a greater number of articles 
involved. The oscillations could be associated with US academic semesters with 
peaks in February and August. Research reported by Faulkner et al. [65] appears 
to indicate that the decline in number of editors is due to a rate of decrease of 
new editors. 

A recognition of a defined gap in service would tend to support the 
SERVQUAL description, but not the methodology to obtain an estimate of 
value. This agreement supports both a recognition of a gap in service and the ba-
sic dynamics as implemented in equation 1. That there is a limit followed by a 
slow decline as applied to the case of Wikipedia is confirmed. However, it is also 
clear that not all the dynamics of the process are included in the model and the 
time constants need better refinement and formulation to get the oscillations in 
the article generation correct. It must be clearly understood that the data used in 
the model are average values as presented in the literature. A separate 
sub-system could be included, as in software generation SD models, to allow for 
editor training and levels of experience to get more accurate modelling of the 
processes involved.  

It is clear that the model does produce a good simulation of the general be-
haviour of the value generation process, within 10% for the growth in articles 
and within 25% for the editor data curves, especially reproducing the rapid ex-
ponential rise in articles.  

Such a close matching result, in our experience, is very good for non-engineering 
applications. 
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The oscillations in the editor contribution are more difficult to explain. No 
data yet found gives any reason that could cause this small but definitive cyclic 
effect. It may be involved with information delays or the time delay to get ap-
proval for the removal processes but on available data these do not look likely. It 
is more likely that some underlying feedback paths have not been identified.  

The sharp discontinuity or limit in the control model is due to the very simple 
implementation used here. Modelling the relevant feedback process of which the 
editors are part, has not yet been achieved by using a variety of simple models 
with suitable time constants. The way in which the expected initial value is im-
plemented in the model is also in need of improvement, but no survey data 
available is sufficient to refine this part of the model. 

The model, which is similar to SD project models is applicable in diverse 
situations such as social housing and production inventory and now proposed 
for value generation. In general the overall generation of value and destruction 
of value Equation (2) is supported by the Wikipedia simulation as the values are 
within the margin for the range of the constants used. That there will be a limit 
in production of value is supported but the implementation mechanism needs to 
be improved. 

4.1. Lessons for Managers Involved in Collaborative Web  
Development 

This simulation formulation of the CS model highlight some crucial lessons for 
management i.e. more collaborative teams, co-production processes and more 
effective delivery. Time dependency factors are of prime importance as they are 
determinants of revisions of collaborative teams (in terms of numbers and 
skills), revisions of affordable blocks of time related task allocations, revisions of 
project costing and eventually, timely successful end results. Contingency plans 
and re-negotiations of contracts might have to be incorporated depending on 
the serious time lapses caused by serious Service Quality Gaps. These emerge 
during the co-creation or co-production stages. It must be acknowledged that 
perception of value achieved for delivery differs even amongst the staff within 
the service provider environment. The following are some key highlights from 
this simulation: 

A simple CS model can be used to give reasonable predictions of development 
of a collaborative web development, including agent activity and pay in other 
applications. 

As in ALL software development the productivity of agents (editors) is a key 
parameter. 

The rework (destruction of value) is key to the overall project success, par-
ticularly cost. 

Time delays are pivotal in the completion rate and hence value available at any 
one time. Motivation, in this example is not understood by many managers and 
needs investigation since it appears to be the reason why the fall off in editors 
available is so marked. 
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4.2. Limitations and Future Work 

Currently, the results indicate that although the CS model supports the gaps 
proposed in SERVQUAL the dynamics are not captured by that approach. The 
way such data is obtained is not useful for the creation and support of numerical 
models, even if that methodology is correct, which is disputed by many re-
searchers. 

The model has some limitations in presenting changes as sharp as events in 
the real case, but is comparable to published data and reasonably accurate in 
time and scale while not representing all the minor dynamics present in the 
real-world situation. More data is needed. Nevertheless, the basic model pre-
sented here is accurate enough to enable a company to use it to predict person-
nel planning and productivity necessary for task completion for other similar 
applications. 

Future research could establish all the feedback mechanisms involved in the 
way editors choose to remove or edit articles from the pool. For example, the 
reasons why some articles are rejected and then reinstated are not clear and 
much speculation about rival algorithms is present on the internet. This may be 
the mechanism responsible for some of the oscillatory behaviour. 

The perceptions of the participants about the true state of the value generated 
are average parameters. Software development models have much more sophis-
ticated dynamics implemented in them. These dynamics could be included once 
more measurement data is available.  

From the simulations presented here changes in these dominant parameters 
could all have produced effects that would explain the differences seen in the 
curves of number of articles produced.  

5. Conclusions 

A control system model has been used to predict service value development us-
ing the concepts of value gaps, feedback and co-creation or co-development 
processes in the case of Wikipedia. The control engineering model presented 
here, although relatively basic, produces curves that are very close to the actual 
increase in articles and editors for the Wikipedia website using data publicly 
available from Wikipedia. 

Although the model supports some of the gaps proposed in SERVQUAL, the 
dynamics are not captured by that description. The way the data is obtained is 
not useful for the creation and support of numerical models, even if that meth-
odology is correct, which is disputed by many researchers. 

The model is comparable to published data and reasonably accurate in time 
and scale while not representing all the minor dynamics present in the 
real-world situation. It would take a substantial research programme to obtain 
sufficient data to investigate the minor dynamics present in the real data. 

Nevertheless, the basic model presented here is accurate enough to enable a 
company to use it to predict personnel planning and productivity necessary for 
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task completion for other similar applications. 
Gap concepts of SERVQUAL are largely but not wholly coincident with the 

model here. Differences in states are fundamental to the operation of 
SD/Control System models. The results of the model should be seen as support-
ing SERVQUAL not the other way around. Generally, SERVQUAL and its rivals 
are of little help with creating predictive numerical models. 

Future development of the model depends on more information becoming 
available. 

The application study presented in this paper should be considered as the 
minimum CS model that represents the fundamental development of value gen-
eration in collaborative web projects such as Wikipedia. 

This CS model could be applied to open source software development and 
with other collaborative web development since the principle components of 
value generated and rework are similar in all software development. 

Future research would include modelling different implementations of satura-
tion limits and the small cyclic effects discussed earlier. Attempts are underway 
to model the generation of open software but have been limited by lack of data 
thus far. 

The current simulation CS model supports the incorporation of time de-
pendent parameters and service gap factors to assist in predicting or deriving 
service value development. 
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Symbols 

A = fraction of population inclined to contribute 
AVR = Fa (time, number of contributors, quality of contributions) 
DVR = Fd (time, ideas too complex to deliver, number of contributors, quality) 
Edr = disengagement rate 
eV = expected value 
eVd = eV − AV 
eVi = initial expected value 
eVs = rate of increase of expectation 
pgV = perceived value gap 
E = expectation of each contributor 
fr = fraction of articles rejected by editors 
N = number of contributors 
Ne = number of employees 
pr = productivity, suffix e editors c contributors 
Tav = time delay in implementing the rate of adding value  
Tp = time delay in perceiving the value gap 
Tdv = time delay in implementing the destruction of value 
Tev = time delay in estimating the expected value 
Tnf = time to fatigue  
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