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Resumo (Portuguese Abstract) 

Esta dissertação aborda a modelação colaborativa de processos 

organizacionais,  assumindo este tópico crescente relevância nas áreas de 

BPM e Sistemas de Informação. É reconhecido e abordado o elevado nível 

de dificuldade associado à modelação de processos organizacionais.  Se por 

um lado é elevada a complexidade associada aos próprios processos, a 

maior dificuldade emerge do facto de os processos serem executados por 

pessoas, sujeitas a visões parciais, fragmentadas e pessoais sobre os mesmos. 

Não obstante qualquer tentativa do analista atuar como integrador das 

perspectivas dos operadores, é invariavelmente difícil alcançar um 

conhecimento claro e preciso sobre o processo, dado que as diferentes 

perspetivas são muitas vezes conflituosas e carecem do conhecimento 

situado que emerge no decorrer das operações diárias, particularmente em 

processos onde a ocorrência de exceções se revela frequente. 

As contribuições desta investigação incluem o desenvolvimento de técnicas 

de modelação centradas no operador do processo, e uma ferramenta de 

modelação que permite consubstanciar e aplicar as técnicas propostas, 

tornando possível o desenvolvimento de mecanismos para a integração das 

diferentes visões sobre o processo, capturando e formalizando o 

conhecimento tácito dos operadores sobre os processos organizacionais. 

Pretende-se explorar novas abordagens humanísticas à elicitação de 

processos de negócio, dando enfoque a técnicas inovadoras para o 

levantamento e desenho de processos, com o objetivo de aproximar os 

modelos de processos ao conhecimento situado dos seus stakeholders. 
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Esta dissertação foi conduzida de acordo com a metodologia Design Science 

para a investigação de sistemas de informação. A metodologia é orientada à 

tecnologia e centrada no conceito de utilidade – os artefactos gerados pela 

investigação são validados através da asserção do preenchimento dos 

objetivos a que se propõem. Para tal, a investigação foi conduzida 

iterativamente em ciclos de design (design cycle) oscilando entre a 

construção dos artefactos de investigação e a sua avaliação. Os ciclos 

internos de design são validados e realimentados pelos ciclos de relevância 

e de rigor. O ciclo de relevância garante o alinhamento dos artefactos 

produzidos pelo ciclo de design com os objetivos e necessidades do seu 

domínio de aplicação. Tal é conseguido através da aplicação dos artefactos 

em contexto organizacional e subsequente avaliação. O ciclo de rigor 

alimenta o ciclo de design com as fundações da base de conhecimento, 

incluindo teorias e métodos científicos, e conhecimentos práticos e 

experimentais. Por seu turno, o ciclo de design produz conhecimento que 

se traduz em contributos para a base de conhecimento. 

A presente dissertação descreve a evolução desta investigação ao longo de 

três grandes iterações conduzidas de acordo com a metodologia adotada. 

A primeira iteração produziu dois artefactos fundamentais a esta 

investigação: 

1) Um modelo inovador de processos organizacionais baseado em 

storytelling que associa a caracterização do processo à narração de 

uma história, uma teoria para a transmissão de conhecimento 

explícito e tácito, e para a retenção coletiva de conhecimento 

organizacional. O principal elemento deste modelo é o conceito de 

Cena. Uma cena representa simultaneamente a unidade básica de 
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conhecimento e um fragmento de uma história. Uma cena define 

um contexto organizacional específico, envolvendo um conjunto de 

atores, uma localização, uma situação específica e um conjunto de 

artefactos organizacionais. A cada cena é associado diálogo e 

conteúdo narrativo, e uma representação gráfica na forma de um 

storyboard. Uma história é construída através da sequenciação de 

cenas inter-relacionadas descrevendo o processo em análise. 

2) Uma ferramenta de modelação baseada no modelo de processo 

proposto. A ferramenta é desenhada especialmente para ser 

utilizada por peritos do negócio em detrimento de analistas ou 

peritos de modelação. O objetivo fundamental é permitir o 

desenvolvimento de técnicas de modelação de processos baseadas 

nos próprios operadores, com vista a reduzir o distanciamento 

observado entre procedimentos prescritos e procedimentos 

organizacionais adotados na prática. 

 A segunda iteração introduz refinamentos ao modelo e ferramenta de 

modelação com vista a tornar mais eficiente e expedita a atividade de 

modelação, e a conferir suporte à modelação de um conjunto de padrões 

de fluxos de trabalho amplamente difundidos, nomeadamente a 

sequenciação de atividades, escolha exclusiva, unificação, execução 

paralela, sincronização, ciclos arbitrários, e terminação implícita. Estes 

padrões são suportados pelo modelo de processo revisto, e integrados de 

forma explícita ou implícita na ferramenta de modelação. As diferentes 

estruturas de controlo são implementadas por dois mecanismos essenciais:  

1) A extensão do conceito de cena, introduzindo cinco tipos de cenas: 

trabalhando, esperando, aprovar/decidir, enviar, e receber. Cada 



iv 

tipo de cena é caracterizado por metadados específicos que 

conferem a semântica necessária à representação de diferentes 

eventos e estruturas de controlo. 

2) A extensão do mecanismo que permite inter-relacionar as cenas de 

uma história. O modelo revisto introduz o conceito de FluxodeCena 

(SceneFlow), que mantém uma associação entre duas cenas. Esta 

entidade é usada para determinar a ordem pela qual as cenas têm 

lugar no decorrer da história organizacional, permitindo a 

modelação de fluxos de trabalho não sequenciais. 

A terceira e última iteração desta investigação introduziu novos 

refinamentos ao modelo e ferramenta, com vista a conferir maior 

suporte ao desenvolvimento de histórias mais ricas, com maior retenção 

do contexto e práticas organizacionais correntes. Tal foi conseguido 

através da introdução de dois tipos distintos de história. O primeiro, 

correspondente à iteração anterior, destina-se a capturar o modo como 

um operador lida normalmente com um processo, ou seja, à descrição 

do processo como um todo de acordo com a expectativa do modelador; 

o segundo, mais alinhado com os objetivos desta investigação, destina-se 

a capturar um cenário específico do processo, ou seja, à descrição de 

um caso concreto que aconteceu numa instância do processo e que teve 

a participação do modelador. 

A segunda e terceira iterações desta investigação foram avaliadas através 

da realização de dois estudos de caso independentes. Os resultados 

destes casos revelaram que 1) os stakeholders do processo são capazes de 

elicitar processos de trabalho sem a participação de analistas ou peritos 

em modelação; 2) as histórias registadas revelam em geral um elevado 
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nível de detalhe, retêm o contexto organizacional (sobretudo em 

histórias que relatam cenários específicos), e podem ser traduzidas para 

modelos de processo normalizados baseados em fluxos de trabalho; 3) 

as histórias recolhidas contribuíram para um enriquecimento do 

conhecimento organizacional sobre o processo, e exerceram ou 

revelaram uma significativa influência sobre as práticas organizacionais 

adoptadas. 

PALAVRAS-CHAVE: Modelação de Processos de Negócio; Storytelling; 

Participação de Utilizadores; Gestão de Processos de Negócio baseada no 

Sujeito. 
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Abstract 

This dissertation addresses the collaborative modelling of organisational 

processes, a topic that has gained growing relevance in the fields of BPM 

and Information Systems. The elevated level of difficulty associated with the 

modelling of organisational processes is recognised and addressed. If on 

the one hand process complexity is inherently high, the greater difficulty 

emerges from the fact that processes are executed by people, which are 

subject to partial, fragmented and personal views. Regardless of the efforts 

made by analysts to act as integrators of operator perspectives, it is 

invariably difficult to achieve a clear and precise knowledge about the 

process, as different perspectives are often conflicting and lack the situated 

knowledge that emerges from conducting daily work routine, particularly 

with processes where the occurrence of exceptions is frequent. 

This research was conducted along three major iterations in accordance 

with the Design Science methodology for Information Systems research. 

The first iteration produced two artefacts that are central contributions of 

this research: 

1) An innovative process model based on storytelling, a theory for the 

collective retention of organisational knowledge. The main element 

of this model is the concept of Scene, which defines a specific 

organisational context involving actors, a location, a specific 

situation and a set of organisational artefacts. Each scene is enriched 

with dialogue, narrative content, and a graphical, storyboard-like 

representation. A story is built describing a set of scenes in sequence 

portraying the target process. 
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2) A modelling tool that consubstantiates and applies the proposed 

process model. The tool is especially designed to be used by domain 

experts to the detriment of analysts or modelling experts. The 

fundamental goal is to reduce the “reality-divide” between 

prescribed (sanctioned) procedure and de facto procedures in use in 

the organisation. 

The second iteration introduces refinements to the model and modelling 

tool with the purpose of improving the tool’s ease of use, and to support 

the modelling of the most common workflow patterns in use in order to 

retain the necessary semantics for integration with workflow engines (for 

process enactment). 

The third and last iteration introduces additional refinements to the model 

and tool in order to foster the creation of richer stories that retain 

organisational context and current practices. 

Research artefacts were evaluated through field testing and two 

independent case studies. The obtained results revealed that 1) process 

stakeholders are capable of eliciting work processes without the 

participation of expert modellers; 2) recorded stores reveal an overall high 

level of detail, retain organizational context (particularly in stories 

portraying specific scenarios), and can be translated to standard workflow-

based process models; 3) recorded stories have contributed to an increased 

understanding of the target process, and exerted or revealed significant 

influence over adopted organisational practice. 

KEYWORDS: Business Process Modelling; Storytelling; User Participation; 

Subject-based Business Process Management.  
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Chapter 1  

Introduction 

This dissertation investigates the modelling of organisational procedures 

through an unconventional approach, centred on the promotion of process 

operators from a passive source of information to the active role of process 

modellers. Its fundamental aim is to provide novel instruments to support 

the process of process modelling in this new paradigm, and to evaluate the 

potential benefits for industry practitioners and the research community.  

In this introductory chapter we establish the motivation for this work, we 

identify the research problem and formulate the research questions. We 

also introduce the research hypothesis and the used methodology, and 

present its main research contributions. Finally, we outline the organisation 

of this thesis. 
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1.1  Motivation and Scope 

The management of business data and procedures has long been a focus of 

research in the Information Systems field (Cullen 2008).  Early industry 

drivers in the seventies such as the necessity to manage quality and improve 

task efficiency led to the emergence and propagation of office automation 

and management information systems that modelled and controlled work 

procedures (Zisman 1977; Ellis and Nutt 1980). These systems were the first 

precursors to a shift that in the following decades isolated process 

management from the underlying business systems and data. Enterprise 

resource planning, supply chain management, and related process-centric 

technologies enabled higher levels of operational efficiency and value chain 

integration. Sparked by the need to continually improve and redesign work 

processes alongside company growth while pursuing lean management and 

agility, these technologies matured into the field of Business Process 

Management (BPM) covering the design, enactment, control and analysis 

of business processes (van der Aalst et al. 2003a). Industry practitioners 

resort to BPM to track processes as they are executed, and retain agility 

while dealing with organisational growth and market dynamics. Indeed, 

several benefits have been identified from the adoption of BPM in the 

enterprise. The first one is the increased visibility and control of the 

company’s activities (Ko 2009). Consequently, workflow inefficiencies are 

easier to identify, which lead to process optimisations. Moreover, a process-

centred view of the organisation facilitates auditing and brings a clearer 

definition of its functional roles, leading to increased accountability. 

Improvements in regulatory compliance are also achievable: as BPM 

systems are designed to support frequent changes, organisations can react 
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faster to new regulations, avoiding fines and delays in approval. The added 

level of control and consistency brought by process management are also a 

contributing factor (Rudden 2007).  

As computer use increased data management, distribution, parallelism, 

integration, and timely control over a large number of processes, the 

human capacity for efficient information processing was exceeded. At the 

same time, business computerization offered support for much faster 

organisational response to business changes (Hatch and Cunliffe 2013), 

and fostered the expansion of the service industry (Viriyasitavat et al. 2012).  

However, industry reliance on computerization and BPM has brought upon 

new risks. Such risks derive from additional complexity and dependence on 

technology (Hollnagel and Woods 2005). Added complexity to operational 

and managerial procedures makes it more difficult to cognitively 

apprehend what is happening in an organisation. Technology dependence 

also means that both human and technological failures may spread more 

easily throughout an organisation. These two problems are intrinsically 

connected and may therefore be difficult to disentangle.  

Process Aware Information Systems (PAIS), defined by Dumas et al.  (2005) 

as software systems that “manage and execute operational processes 

involving people, applications, and/or information sources on the basis of 

process models”, are at the centre of these problems. BPM has been 

developed to support increased organisational complexity (Cullen 2008): 

automating business processes, coordinating tasks, managing data and 

other resources – including human – and integrating other organisational 

systems like databases and data processing systems. BPM technology 

accomplishes all this through messaging and service composition based on 
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process representations (Sheth et al. 1996). But, as we mention above, BPM 

also increases technology dependence: since all organisational resources, 

including human and technological components, are becoming fully 

integrated in massive PAIS, a failure in any one component may have a 

catastrophic impact on the whole system and the organisation.  

The modelling of business processes, a fundamental step in the BPM 

lifecycle, aims to elicit operational and managerial activities and provide an 

accurate representation and characterization for enactment in PAIS. 

Several methods and associated languages have been used to model and 

represent business processes, including Flowcharting (Lakin et al. 1996), 

Petri Nets (Reisig et al. 1992), Role Activity Diagrams (Holt et al. 1983),  

IDEF (Mayer et al. 1995), the Event Driven Process Chain (EPC) and the 

ARIS framework (Scheer and Nüttgens 2000), UML Activity Diagrams 

(Object Management Group 2011), and the Business Process Model and 

Notation (BPMN) (Object Management Group 2013). The research 

literature provides several comparisons of the different methods and 

languages, showing how they address a wide range of business needs, such 

as redesigning the way organisations do their business, and also a wide 

range of technical needs, like information systems integration and 

automation (Hommes and van Reijswoud 2000; Giaglis 2001; Aguilar-Saven 

2004; List and Korherr 2006). Criticism has also been made on the 

technical limitations of specific wide-spread modelling languages such as 

UML Activity Diagrams and BPMN (Russell et al. 2006; Wohed et al. 2006). 

Examples of such limitations are BPMN’s incomplete support of workflow 

patterns, the proliferation of ambiguities due to lack of formalization, and 

the absence of modelling constructs for organisational structures and 

resources (van der Aalst et al. 2003b).  
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However, if on the one hand modelling languages have been deemed too 

informal to correctly model business processes, on the other hand they are 

often too complex to be understood by business users. In fact, common to 

these traditional process modelling methods is their adherence to a flow 

model perspective centred on the elicitation of business processes by expert 

modellers, who typically take a holistic, end-to-end approach to the 

modelling process, favouring prescriptive, control-flow based models that 

are agnostic to process context and lack the flexibility to adapt to 

unforeseen scenarios. Many researchers have expressed concerns with this 

lack of flexibility in process models, which often lead to systemic failures 

caused by unexpected events and conditions, and ad hoc business needs 

(Pesic 2008; Antunes and Mourão 2011; Jonnavithula et al. 2015). Also 

related to flexibility, some researchers have discussed the dilemmas of 

control, i.e. how control should swing between humans and machines to 

adapt to work constraints (Cabitza and Simone 2013a). Moreover, several 

studies mention that often process models are regarded as overly 

prescriptive, when in reality organisations use them as information 

resources, useful but competing with other equally useful resources 

(Lindsay et al. 2003; Recker et al. 2006; Krogstie 2007; Riemer et al. 2014). 

The lack of consideration for contextual knowledge in process modelling 

and execution has also been pointed out as an important limitation of 

current process modelling approaches, languages, tools and systems 

(Caetano et al. 2005; Rosemann et al. 2008; Brossard et al. 2011; da Cunha 

Mattos et al. 2014). By combining work procedures with additional 

knowledge about constraints, deviations, operative scenarios, and past 

positive and negative outcomes, which may influence the specific details 
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about how a particular process may unfold in a particular context, one may 

help to reduce gaps between model and reality. 

The focus in this research is to develop an end-user approach to process 

modelling, aiming to reduce the gap between model and reality by centring 

the modelling activity on the description of actual day-to-day procedures. In 

particular, our approach deemphasises the role of expert modellers and 

technically complex workflow models, to favour process descriptions 

created by end-user modellers, who hold the most knowledge about the 

target process. The objective is to record process stories that are 

contextually rich, real case scenario depictions that capture the personal 

views and implicit knowledge of experienced workers being applied to 

typical and atypical situations in the work routine.  

1.2  Problem statement and research question 

In spite of all developments BPM still faces one critical problem which is 

the main challenge underlining our research:  

Although BPM deals with the integration of humans and technology, the 

main focus of BPM modelling is still more concerned with mechanistic 

factors than with human factors. As in many other fields, technology seems 

to have a strong influence and control over the development process, 

including modelling, even when technological and human needs should be 

considered on par.  

Many researchers have expressed their concerns over this situation:  

1. The “model-reality divide”: (Brahe and Schmidt 2007; Jennings and 

Finkelstein 2008; Schmidt and Nurcan 2008): Existing modelling 
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approaches emphasise the instrumental value of process models in 

process automation, focussing on predefined behavioural patterns 

and strict control over task execution while disregarding informal 

communication and collaboration, which are often necessary to 

accomplish the task goals. This leads modellers to operate according 

to a worldview that filters out “ecological” information considered 

not relevant to process automation (Wahl and Sindre 2006; Silva and 

Rosemann 2012). Consequently, process aware information systems 

often fail to execute process models because they do not adhere to 

reality, where organisations and people make decisions and behave 

in dynamic, serendipitous, flexible and contextualised ways. For 

instance, research in the area of Recognition Primed Decision 

Making (Klein 2008) finds significant gaps between planned and 

actual behaviour. The model-reality divide also evokes differences 

between plans and situated action (Suchman 1987). This 

discrepancy between modelled and actual procedures may cause 

BPM systems not to be used in practice because of lack of acceptance 

from end-users. Some authors go even further saying that BPM 

systems often lack consideration for the end-users (Borges and Pino 

1999; Agostini and De Michelis 2000; Brahe and Schmidt 2007);  

2. The “model-consistency” problem (Recker et al. 2009; Antunes 

2011; Antunes and Mourão 2011): The tight relationships between 

process modelling and execution tend to impose a set of rules 

required by process automation on all stages of BPM. For instance, 

model completeness and soundness may not be important in the 

early process analysis stages, but are nevertheless enforced by many 

process-modelling approaches. Such forced consistency can make it 
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more difficult to capture organisational knowledge. An example 

concerns exception handling, which is recognisably difficult to 

handle with existing modelling approaches but easily handled by 

humans (Antunes 2011).  

3. The “lack of collective intelligence” problem (Erol et al. 2010): 

Process modelling is a complex activity surrounded by many pitfalls 

(Rosemann 2006). These problems lead naturally to a situation 

where modelling has to be done by experts, yet expert modellers 

may find it difficult to apprehend the knowledge and practice of 

every organisation (Erol et al. 2010; Cabitza and Simone 2013b). 

The gaps and incongruences faced by expert modellers when 

capturing organisational knowledge could be solved by combining 

the collective intelligence of its members, but most process 

modelling tools have yet to make use of such collective intelligence. 

They better support modelling experts than end-users. 

4. The “missing tacit knowledge” problem (Silva and Rosemann 2012): 

When aligning business modelling and organisational strategy, it is 

often assumed that knowledge can be captured and modelled at the 

macro level, neglecting the end-users’ tacit knowledge, inventiveness 

and capacity to make decisions at the micro level.   

We argue that these concerns reflect a mechanistic view of BPM. While the 

success of current BPM technology is beyond any doubt, these concerns 

expose several shortcomings, biases, omissions, and problems this approach 

has. Overall, these problems suggest that perhaps a more sensible viewpoint 

of this technology is needed. A sensible perspective privileges the 

integration of human knowledge, context-awareness, diversity, creativity, 
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ambiguity, and many other properties pertaining to human behaviour in 

BPM systems (Kabicher-Fuchs et al. 2012). Given this situation, our research 

question emerges as follows: 

How to shorten the gap between prescribed process models and 

actual work carried out by users in a dynamic environment 

characterized by informal interaction, untapped collective 

knowledge, and unforeseen circumstances? 

1.3  Hypothesis and methodology 

Our research suggests a reconsideration of the way business processes have 

been modelled. On the one hand, BPM and process models are permeated 

by a worldview, including a set of principles, goals and constraints that are 

enforced by automation technology, even when the main goals of BPM may 

not relate to automation. On the other hand, it also seems that the 

modelling practice should change significantly, in particular with the 

purpose of reducing the distance between model and reality, and also 

better capturing tacit and collective intelligence. Our standpoint addresses 

both issues: business process modelling should not depend on the 

underlying technological constraints but should preserve the human ability 

to handle ingenuity, variations, exceptions, and unique contexts. Our 

research is focused on the development of a humanistic approach to the 

Process of Process Modelling (PPM) (Green and Rosemann 2000; Aguilar-

Saven 2004; Hoppenbrouwers et al. 2005; Recker et al. 2009; Forster et al. 

2013), with the goal of overcoming the problems associated with 

mechanistic process modelling. We thus centre our approach on 

humanistic process modelling, which we define as integrating two 
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fundamental humanistic elements: sensible processes, which we define in 

Chapter 3, and storytelling-based end-user models. Inspired by the use of 

storyboards to communicate between product designers, clients and future 

users (Van der Lelie 2006; Memmel and Reiterer 2008), the approach 

builds on how storytelling can develop organisational knowledge, 

extending it to the process realms. Furthermore, we leverage this 

alternative modelling foundation by empowering end-users to model 

business processes, and encouraging the sharing of business stories. The 

focus on these elements addresses the need to represent business activities 

in a way that captures both explicit and tacit knowledge, while preserving 

ambiguity and contextualization, in order to build process models that 

better depict actual work procedures by harnessing organisational 

knowledge.  

Our research hypothesis is, therefore: 

Work models will be improved through humanistic process 

modelling, i.e., by centring models on humanistic factors, instead 

of mechanistic factors, and centring modelling on end-users, 

instead of expert modellers. 

We validate the research hypothesis by fulfilling the following four major 

research activities: 

1. Review the literature on BPM and related humanistic topics such as 

storytelling, collaboration, and knowledge representation; 

2. Conceive a process model that embodies the principles of 

humanistic process modelling, which encompasses sensible processes 

and end-user models; 
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3. Develop a process modelling tool that implements the proposed 

model; 

4. Evaluate the impact of using the proposed model and tool when 

eliciting and modelling business processes. 

This thesis follows the Design Science research methodology applied to the 

Information Systems field, a “pragmatic research paradigm that calls for the 

creation of innovative artefacts to solve real-world problems” (Hevner et al. 

2010). The Design Science methodology is heavily focussed on utility, and 

centred on the development of innovative IT artefacts that are relevant and 

effective in addressing unsolved problems in the application domain. The 

methodology is supported in design cycles that iterate between building 

and evaluating the IT artefact. The design cycle relies on two additional 

cycles – the relevance cycle introduces the artefact in the environment 

ensuring its efficacy and relevance to the application domain, and the 

rigour cycle ensures that previous research is considered and theoretical 

foundations are properly selected and applied in the research.  

1.4  Organisation of this thesis 

This thesis is organised as follows. In the next chapter we explain the 

Design Science paradigm and discuss the methodology in the context of 

this thesis. In Chapter 3 we present the theoretical foundations that support 

this research. We begin the chapter by presenting an overview of BPM. We 

address process modelling in detail, including the kernel theories that 

support this work. We further discuss the main distinctions between 

sensible and mechanistic BPM, and we propose a taxonomy for business 

processes based on our approach. We finalise the chapter by reviewing 
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other research efforts in modelling sensible processes. In Chapter 4 we 

describe the first design iteration of this research, which is devoted to 

developing a working prototype tool that enables the elicitation of process 

stories by business end-users. The two research artefacts are a sensible 

process model for eliciting business stories and the prototype modelling 

tool that implements the proposed model. The tool and underlying model 

are evaluated with the purpose of gathering formative data. In Chapter 5 we 

describe the second design iteration, which is focussed on improving the 

modelling capabilities of the prototype tool. We discuss the main alterations 

to the proposed storytelling model the revised modelling tool. The artefacts 

are evaluated through a case study that we present and discuss at the end of 

the chapter. In Chapter 6 we present the third design iteration of this 

research. Following the results from the case study, the focus of this final 

iteration is to improve the retention of context in stories captured by our 

modelling tool. We discuss the alterations to the model and modelling tool, 

and present a second case study where the revised model and tool are 

introduced in a real organisational environment and used to elicit an 

existing business process. In Chapter 7 we discuss the evolution of this 

research along the three design iterations, and in Chapter 8 we present our 

conclusions and future work. 



 

 
 

Chapter 2  

Methodology 

This chapter presents the Design Science methodology for information 

system research, based on which this work has been conducted. 

2.1  Information Systems Research 

Information systems research has been characterized in its field by being 

devoted to seeking and advancing knowledge for the management of 

information technology and its application in supporting and managing 

human organisations (Zmud 1997; Kemerer 2002). Hevner (2004) argues 

that developing knowledge in this field can be done on two complementary 

paradigms – behavioural (or natural) science and design science. As 

discussed by March (1995), the aim of behavioural science is to understand 
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reality, and it consists of two main activities: discovery (developing claims 

such as theories and laws) and justification (testing and validating proposed 

claims). Behavioural science relates to design science in the extent that, 

while the former seeks to understand reality, the latter uses that 

understanding to serve its  focus – to create artefacts that suit human 

purposes. Design science is thus technology-oriented and is driven by utility, 

i.e., the artefacts generated by design science research are validated by 

whether they fulfil their intended purpose. Design science research should 

also produce clear contributions to knowledge, in the form of design 

theories or innovative artefacts. In particular, Hevner (2004) notes that 

“design science research addresses important unsolved problems in unique or 

innovative ways or solved problems in more effective or efficient ways”. 

Most efforts in IS research have been devoted to studying “the impacts of IT 

artefacts on organisations, teams, and individuals” (Hevner and Chatterjee 

2010). Behavioural science studies the contextualized effects of IT artefacts 

in order to understand organisational phenomena and develop theories 

that describe them. Conversely, design science research in the IS field is 

directly tied to the creation and evaluation of the IT artefact. Its role, 

closely entwined with the object and purpose of this thesis, is “to improve the 

effectiveness and utility of the IT artefact in the context of solving real world business 

problems” (Hevner and Chatterjee 2010). 

2.2  Design Science Research Framework 

As discussed above, a basic distinction between behavioural science and 

design science research is that while the former strives to understand 

reality, i.e., seeks truth, the latter attempts to create artefacts that suit 
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human needs, i.e. seeks utility. However, this distinction also underlines the 

complementary nature of design science and behavioural science research 

(Hevner and Chatterjee 2010). By developing and justifying theories that 

impact the analysis, design, implementation, and use of information 

systems, natural science research provides the knowledge that enables 

design science to build innovative artefacts that are purposeful and 

effective. In turn, these artefacts provide practical relevance and validation 

to theories and may generate new knowledge and theory. 

According to March (1995), design science produces four types of research 

outputs. These are constructs, models, methods, and instantiations. Constructs 

provide the basic language to characterize phenomena. Constructs can be 

combined into models that describe and represent addressed problems and 

their solution space. Methods devise systematic ways to pursue a goal 

through an interconnected set of activities. Lastly, instantiations are the 

combination and implementation of constructs, models and methods, 

which take form in working products that satisfy their intended purpose.  

March and Smith (1995) also identify two research activities conducted by 

design science. These are build and evaluate. Build is the process by which 

artefacts are constructed with a specific purpose. This is parallel to natural 

science’s discover research activity, by which theories are developed. Evaluate 

is the process by which the performance of artefacts is assessed based on 

their intended purpose. This is parallel to natural science’s justify research 

activity, by which theories are proven. 

Based on these premises, (Hevner et al. 2004) proposed a conceptual 

framework for design science in IS research. The framework is shown in 

Figure 2.1 (adapted from Hevner et al. 2004; Hevner and Chatterjee 2010). 
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Design science incorporates three research cycles that outline the interplay 

between research activities and outputs, the environment, defined by the 

application domain of the design problem, and the knowledge base, 

composed of theoretical and practical foundations. 

The relevance cycle is both the trigger that initiates design science research, 

and the ultimate instrument that evaluates its success. It relates research 

activities with the contextual environment of the research project, which 

defines the application domain of the research. The application domain is 

composed of people and their roles, capabilities and limitations, business 

organisations and their strategies, culture, configurations, processes, 

activities, and technology, including capabilities, constraints, applications and 

infrastructure. These elements define the business need and research 

requirements, and identify the opportunities and problems to be 

addressed. Simultaneously, for design science research is driven by utility, 

they define the acceptance criteria that validate the research results. To be 

effective, design artefacts must fulfil their intended purpose by improving 

the environment. Relevance is achieved by selecting an appropriate 

evaluation strategy that demonstrates artefact performance in real world 

context (Cleven et al. 2009; Peffers et al. 2012; Venable et al. 2012). The 

evaluation of collaborative systems can be particularly difficult as it 

encompasses individual, group, and organizational domains. The adoption 

of a suitable performance level and evaluation method may help tackle this 

issue (Antunes et al. 2012). Evaluation should be conducted with the aim of 

identifying artefact deficiencies limiting their utility, realigning research 

requirements, and triggering new iterations of the relevance cycle until 

conformance against application domain criteria is assured.  
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The rigour cycle grounds design science research in the scientific 

foundations that form the knowledge base. These foundations include 

existing scientific theories and engineering methods that are used by research, 

and prior knowledge bordered by experience and expertise consubstantiated in 

the application domain state of the art, and existing artefacts and meta-

artefacts in the application domain, including constructs, models, methods 

and instantiations. The research and examination of this prior knowledge 

enable the researcher to both avoid the pitfall of producing routine design 

instead of design science, and build on existing research to ensure 

innovation. Conversely, additions to the knowledge base in the form of 

research contributions are communicated and discussed in the academic 

community. Rigour is achieved in each design iteration by appropriate 

application of these foundations in research artefacts, and dissemination of 

research contributions within the academic community. 

The design cycle is at the centre of design science research. Research 

artefacts are built and evaluated in successive iterations that refine the 

design and improve its utility. At each major iteration, input is drawn from 

the rigour cycle in the form of applicable knowledge, and from the 

relevance cycle in the form of business needs. Conversely, outputs are fed to 

the rigour cycle as additions to the knowledge base, and to the relevance 

cycle as contextualized applications in the research environment.   
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Figure 2.1: Design Science research framework. 

With the purpose of assisting the research community to understand the 

requirements for producing design science research, Hevner et al. (2004) 

proposed a set of seven guidelines capturing its fundamental principles (see 

Table 2.1). They establish that design science IS research should be 

focussed on the creation of an innovative, effective artefact (guideline 1), 

which addresses a relevant problem that intersects organisations and 

technology (guideline 2). The effectiveness of the artefact should be 

rigorously evaluated (guideline 3), and its novelty must yield clear 

contributions to the area of research (guideline 4). The artefact must be 

built and evaluated by applying appropriate foundations and techniques 

from the knowledge base (guideline 5), and using available means to search 
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desirable solutions that abide to environment requirements and constraints 

(guideline 6). Finally, research results should be presented to both 

technical and managerial audiences (guideline 7), to enable their 

extension through further research, and implementation in organisational 

contexts. 

Table 2.1: Design science research guidelines 

Guideline Description 

Guideline 1: Design as an Artefact Design science research must produce a 
viable artefact in the form of a construct, a 
model, a method, or an instantiation. 

Guideline 2: Problem Relevance The objective of design science research is to 
develop technology-based solutions to 
important and relevant business problems. 

Guideline 3: Design Evaluation The utility, quality, and efficacy of a design 
artefact must be rigorously demonstrated via 
well-executed evaluation methods. 

Guideline 4: Research Contributions Effective design science research must 
provide clear and verifiable contributions in 
the areas of the design artefact, design 
foundations, and/or design methodologies. 

Guideline 5: Research Rigour Design science research relies upon the 
application of rigorous methods in both the 
construction and evaluation of the design 
artefact. 

Guideline 6: Design as a Search Process The search for an effective artefact requires 
utilizing available means to reach desirable 
ends while satisfying laws in the problem 
environment. 

Guideline 7: Communication of Research Design science research must be presented 
effectively both to technology oriented as well 
as management oriented audiences. 
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2.3  Design Science Research Methodology 

Building on the guidelines of Hevner’s design science framework described 

in the previous section (Hevner et al. 2004), and on prior work in design 

research covering theoretical foundations (Nunamaker et al. 1990; Walls et 

al. 1992), applied research (Archer 1964; Eekels and Roozenburg 1991), 

and problem analysis (Takeda et al. 1990; Cole et al. 2005), Peffers (2008) 

proposed a design science research methodology embodied in a process 

model involving six sequential steps. We present this model in Figure 2.2 

(adapted from Peffers et al. 2008), and below we summarize the six 

activities and frame them in this thesis. 

 

Figure 2.2: Design Science Research Methodology Process Model 

− Activity 1: Problem Identification and Motivation. The first step is to 

identify the research problem and justify the value of the solution. 

Outlining the benefits of the solution expresses the research 

motivation and assists in exposing the researcher’s understanding of 

the research problem.  This activity is reflected in the first chapter of 

this thesis, under the sections devoted to motivation and scope, 

problem statement and research question, and research hypothesis. 
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− Activity 2: Objectives definition. In this activity, the objectives for a 

solution are inferred from the first step and from the knowledge of 

what is possible and feasible, from theoretical foundations and prior 

research. In this thesis, this activity is implied in the formulation of 

the research question and hypothesis. Theoretical foundations and 

related work are reported in Chapter 3. Our main objective is to 

validate the research hypothesis by building research artefacts and 

validating them against the research hypothesis. Specific objectives 

are defined for each design iteration in Chapter 4, Chapter 5 and 

Chapter 6.  

− Activity 3: Design and development. In this activity the research artefacts 

are created. These may include constructs, models, methods and 

instantiations, as described in the previous section. In the context of 

this work, the two research artefacts are the sensible business process 

model proposed in Chapter 4 and further refined in subsequent 

chapters, and the storytelling modelling tool described in Chapter 4 

to Chapter 6. 

− Activities 4 and 5: Demonstration and Evaluation. Activity 4 involves the 

use of the artefact in a setting where it is shown to solve one or more 

instances of the problem. This activity may optionally be followed by 

a more formal evaluation of the artefact (activity 5), where 

observations and measurements are performed to assess how well 

the artefact supports a solution to the problem. In the context of this 

work, artefacts are evaluated by a field experiment in the first 

iteration, and undertake a more formal evaluation within separate 
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case studies for iterations 2 and 3. The evaluation activities are 

reported at the end of Chapter 4, Chapter 5, and Chapter 6. 

− Activity 6: Communication. This activity involves the dissemination of 

the research to the research community. This may include the 

problem definition and its relevance, the artefact, and its qualities 

regarding its utility, effectiveness and design rigour. In the context of 

this work, communication is accomplished through the participation 

in relevant scientific conferences and submissions to appropriate 

journals and publications. 

While the process model described above is represented in nominal 

sequential order, the authors stress that the research process is not meant 

to be necessarily triggered by activity 1. For instance, an objective-centred 

solution could start at activity 2, and a prototyping approach could start at 

activity 3. As this work takes a problem-centred approach, it follows the 

nominal sequence outlined above.  

Process iteration is not formally addressed in the process model and it is 

best described by Hevner’s framework. However, the representation shown 

in Figure 2.2 indicates that feedback from the evaluation and 

communication activities may trigger the redefinition of objectives and 

refinement of artefacts in successive research iterations. 

2.4  Design Science Research Checklist 

The design science research framework and guidelines published in 2004 

by Hevner (2004) have had a significant impact in the IS field, contributing 

to a wider recognition and discussion of design science research in IS, and 
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to the emergence of further contributions on design science research 

(Gregor and Jones 2007; Iivari 2007; Peffers et al. 2008). The latter 

contribution, in the form of a methodology for design science research, was 

described in the previous section and used in conjunction with the above-

mentioned research framework and guidelines to steer and assist the 

planning and development of this thesis.  

Six years later to their original publication and following requests from the 

research community for a more specific metric for evaluating design 

research projects beyond the published guidelines, Hevner et al. (2010) 

have provided a checklist in the form of a set of specific questions that 

address the most important aspects of design science research. We close this 

chapter by presenting this checklist and reporting how we addressed each 

question in the context of this thesis. 

Question 1: What is the research question (design requirements)? Below we restate 

our main research question, which we presented in the first chapter in the 

context of the research problem addressed by this thesis. 

How to shorten the gap between prescribed process models and actual work procedures 

carried out by users in a dynamic environment characterized by informal interaction, 

untapped collective knowledge, and unforeseen circumstances?  

In consonance with our research hypothesis, we established a specific set of 

requirements for each major design iteration, which drove the creation of 

the corresponding research artefacts. These are described in Chapter 4 to 

Chapter 6 and summarized in Table 2.2 
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Table 2.2: Design requirements for each design iteration 

Design Iteration Requirements Section 

Iteration 1 Support process modelling by end-users 

Support storytelling 

Support collaboration 

Retain semantics to enable extracting standard process 
models from user stories 

4.2 

Iteration 2 Improve model and tool  

Improve support for longer stories 

Explicit support for multiple alternative scenarios in process 
stories 

5.1 

Iteration 3 Improve storytelling for capturing richer stories and 
preserving contextualization 

Explicit support for stories about specific case scenarios 

Further improve tool ease of use 

Support for user story management and analysis 

6.1 

 

Question 2: What is the artefact? How is the artefact represented? The first design 

artefact of this research is a storytelling-based model for describing and 

representing business processes. The second artefact is an innovative tool 

for the modelling of process models by business end-users using 

storytelling. The tool was built as a web-based software application and it is 

based on the first design artefact. Both artefacts are described in Chapter 4. 

Refinements to the artefacts are presented in Chapter 5 and Chapter 6. 

Question 3: What design processes (search heuristics) will be used to build the 

artefact? Design science research works through an iterative search process 

seeking good, effective solutions for the problem at study. As covered in 
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section 2.2, this involves “utilizing available means to reach desirable ends 

while satisfying laws in the problem environment”. Our understanding of 

the environment constraints is reflected on the requirements for each 

design iteration. The model (first artefact) was built based on these 

requirements and theories in the knowledge base (see question 4). 

Subsequently, the tool (second artefact) was built based on the first artefact. 

Artefact creation was conducted in successive internal design iterations. 

Design alternatives and prototypes are created and then tested against 

requirements. The design is improved by iterating this cycle. 

Question 4: How are the artefact and the design processes grounded by the knowledge 

base? What, if any, theories support the artefact design and the design process? This 

work is grounded on solid research involving storytelling and sensemaking 

theories, and on both mechanistic and user-centred approaches to BPM. 

These are reported in Chapter 2 to ground the development of the design 

artefacts. The modelling tool was built following standard software 

engineering principles and best practices regarding system design, data 

architecture, and programming practice. The design process is grounded in 

Hevner’s framework (Hevner et al. 2004) and the generate-test cycle 

pattern proposed by Simon (1996) 

Question 5: What evaluations are performed during the internal design cycles? What 

design improvements are identified during each design cycle? The development of 

the design artefacts involved multiple internal iterations. As examples, we 

refer the first major iteration of the modelling tool and the prototype 

designs that preceded it (see Appendix A), and the exploratory work 

towards improving the tool’s ease of use at the beginning of the third 

iteration (see section 6.2.1). Internal design iterations were evaluated by 
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functional testing, simulations, and controlled experiments with the aim of 

gathering formative data about the artefacts. Improvements to the major 

design cycles are described in Chapter 5 and Chapter 6. Improvements to 

the internal design cycles are partially summarized within the modelling 

tool, under the changelog menu option. 

Question 6: How is the artefact introduced into the application environment and 

how is it field tested? What metrics are used to demonstrate artefact utility and 

improvement over previous artefacts? The modelling tool was introduced into 

the application environment at each major design iteration. For the first 

iteration, this process took the form of a field study and it is described in 

section 4.5. Evaluation relied on descriptive methods, centred on formative 

concerns and a reflective analysis on the adequacy of the approach. For the 

second and third iterations the process was conducted trough two case 

studies, described in sections 5.4 and 6.4. Evaluation metrics are rigorously 

defined within the case study design reporting, and outlined in Table 5.2 

and Table 6.1. 

Question 7: What new knowledge is added to the knowledge base and in what form 

(e.g., peer-reviewed literature, meta-artefacts, new theory, new method)? The main 

contributions of this research are reported in Chapter 8, under section 8.1. 

In the same section we list the peer-reviewed literature publications that 

spawned from this research. 

Question 8: Has the research question been satisfactorily addressed? This research 

has been validated by five publications in peer-reviewed journals, books, 

and conference procedures (listed in section 8.1) of which two are ‘A’ 



Methodology  

 27 

journals (ABDC and CORE), and has been cited by 31 papers in the 

literature as of September 20161. We consider that the research question 

has been satisfactorily addressed and we discuss this fundamental issue in 

the final two chapters of this thesis. 

 
 

1 Indexed by Google Scholar Citations, as of September 2016. 





 

 
 

Chapter 3  

Theoretical Foundations 

This chapter presents the main theoretical concepts surrounding business 

process management (BPM), a process-centric management vision that 

aims to align business processes with business goals in the enterprise. We 

propose a new taxonomy for business processes based on the objectives of 

this research and conduct an in depth analysis on the modelling of business 

processes. 

3.1  BPM Overview 

3.1.1 Business Processes 

Processes, seen as a set of actions or operations leading to an end, surround 

humans in all activities, from planning a trip to preparing a meal, from 
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going through school to raising a child. If you accept coordination, the 

same can fairly be stated about the natural world – processes are all around 

us, in the weather, radioactive decay, and in life itself. The business world is 

no exception: enterprises conduct their businesses through a set of 

coordinated activities that generate value. These are complemented and 

supported by auxiliary processes or subprocesses as disparate as human 

resource management, market analysis, and security procedures. 

Processes occurring in an organisation can generally be categorized into 

material processes and information processes (Georgakopoulos et al. 1995). 

The former encompasses physical tasks performed by humans, such as 

assembling parts or moving inventory, and the latter refers to activities 

performed entirely or with the aid of computer programs. Typically, this 

includes all tasks executed through an enterprise information system. 

Business processes sit at a higher layer of abstraction than either 

perspective. They refer to the class of processes that, may they be material 

or informational, are performed to fulfil a business contract or customer 

need. 

The concept of business process has been approached by many researchers 

investigating the BPM field – Hammer and Champy (1993) defined it as “a 

collection of activities that takes one or more kinds of input and creates an output 

that is of value to the customer. A business process has a goal and is affected by events 

occurring in the external world or in other processes”. The value provided to the 

customer assumes a central role in this definition. However, despite being 

comprehensive, it hardly states more than the existence of a goal and “one 

or more kinds of input” that result in outputs. 
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Feiler and Humphrey (1993) view business processes as a “set of partially 

ordered steps intended to reach a goal”. Comparing with the former definition, 

we see that the set of inputs in a process form or participate in partially 

ordered steps that ultimately produce an intended output. A process 

element (represented in Figure 3.1) is defined as a component of a process. 

It can be a step or a larger part of the process. A step is further refined as 

“an atomic action of a process that has no externally visible substructure”. The 

authors also acknowledge the notions of material and information 

processes by defining process script and process program as executed by 

humans and machines, respectively. 

 

Figure 3.1: Business process as a set of steps 

Davenport places strong emphasis on “how” work is done within an 

organisation, as opposed to the focus on “what”. The author defines 

business process as “a structured, measured set of activities designed to produce a 

specified output for a particular customer or market (…), a specific ordering of work 

activities across time and place, with a beginning, an end, and clearly identified 

inputs and outputs: a structure for action” (Davenport 1993). This definition 

goes beyond Feiler and Humphrey’s view by explicitly focusing on how 

activities are performed rather than describing their desired outcomes. 
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Ould (1995) characterised processes as “a series or network of value-added 

activities, performed by their relevant roles or collaborators, to purposefully achieve the 

common business goal”. The author adds a new dimension that had not been 

considered in the above views, by acknowledging collaboration as an 

integral part of the business process. Ould finds that a number of 

collaborators play different roles in a network of activities that produce a 

common business goal. This view gained the interest of the research 

community, as business users were increasingly empowered to drive 

business process modelling by using lightweight process modelling and 

other collaborative methods (Ssebuggwawo 2009; Schnabel et al. 2011).  

While there is no industry standard or academic agreement on a unified 

business process taxonomy, there are several dimensions from which it is 

possible to classify business processes. Ko (2009) presents two perspectives 

to be considered: the level perspective and the core competency 

perspective. 

The level perspective classifies business processes in accordance with the 

classical pyramid of management. Operational control processes ensure that 

day-to-day activities are carried out successfully and in an efficient way. 

Management control refers to processes that concern the efficient use of 

company resources in pursuit of its objectives. Strategic planning processes deal 

with the organisation’s master plan, defining long-term objectives, policies, 

and resources to be acquired, used and disposed. 

The core competency perspective organises processes in accordance with 

their functions. Processes that generate revenue are called core business 

processes. Management business processes support core processes from an 

organisational perspective, ensuring efficiency and compliance with 
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company regulations. Support business processes are the remaining processes 

that do not generate revenue but are necessary for the enactment of core 

processes, such as human resources (HR) or customer service (Ko 2009). 

Lambert (1998) used the supply chain as an axis to classify business 

processes in eight key groups: customer relationship management, 

customer service management, demand management, order management, 

order fulfilment, manufacturing flow management, procurement, product 

development and commercialisation, and returns. Some of these processes 

can be linked or integrated in a supply chain network for efficiency gains. 

Business processes can also be broadly classified as private business processes, if 

they are enacted within the organisation, or as public or collaborative business 

processes if they involve the participation of external organisations. Díaz, 

Lorenzo, and Solís (2004) identify inter-organisational processes as processes 

that link with other collaborating companies. In this context, the authors 

define public processes as supporting horizontal collaboration. For 

example, a number of companies can aggregate their orders to gain 

bargaining power relative to suppliers. Flow processes occur when 

collaborating companies vertically integrate in order to synchronise 

processes. These public processes can be observed, for instance, in 

automobile factory campuses where the factory and its suppliers share 

production planning and tightly integrate inventories for just-in-time 

delivery. 

While certain associations between the presented classifications may be 

frequent in typical scenarios – such as a returns management process being 

classified as an intra-organisational operational core business process – they 

are in fact independent (see Figure 3.2). For example, a procurement 
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process can be public or private depending on the company’s market 

strategy, and HR management can be either a core or a support process 

depending on the company’s activity and business goals. 

 

Figure 3.2: Multiple axes for classifying business processes 

3.1.2 Business Process Management 

Since the seventies organisations have relied on modelling and automating 

office procedures to tackle inefficiencies in workflows and target faulty 

requirements (Baumann and Coop 1980; Ellis and Nutt 1980). Information 
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systems have evolved to support this vision by offering process-centric tools. 

Office information systems were the first enterprise systems to adopt 

explicit process designs for modelling office workflows (Zisman 1977).  

Information systems (IS) are used in the enterprise to support various 

activities, from operational processes to strategic management. They 

integrate a set of components for collecting and managing information 

across the enterprise. These components include people, communication 

infrastructure, and hardware and software systems. 

As organisations grew, accompanied by increased market complexity and 

flow of change, managers have grown more dependent on these systems to 

gain more control over its processes and retain agility. Early electronic data 

processing systems were replaced by enterprise resource planners, which 

have been complemented by decision support systems and executive 

systems that provide top management with streamlined, highly integrated 

and focused information to support strategic analysis and decision (Kriebel 

1972). The artificial intelligence field introduced expert systems capable of 

integrating reasoning capabilities with very large information stores on key 

areas, to offer advice for problem solving or decision support (Carlson 

1978). 

Van der Aalst (2003a) outlined several trends in information systems that 

have been observed in the last decades, which help define the historical 

context in which BPMS’s have emerged. These trends are mapped in the 

layers in Figure 3.3 (van der Aalst et al. 2003a). 
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.  

Figure 3.3: Van der Aalst’s information system layers 

The author positions the operating system at the core level. The operating 

system provides an abstraction layer to the hardware, offering generic 

system functions to the upper layers whilst dealing with the specifics of each 

physical component. Basic functionality is provided so that generic 

development environments may build upon it. 

The second tier is occupied by generic applications that support a wide 

range of tasks within the enterprise. These include database management 

systems, word processing, spreadsheets and email systems. Applications in 

this layer operate throughout enterprises, across departments, organic 

units, and individuals. 

The third layer is comprised of domain specific applications. They can be 

seen as semi-generic, as they can be implemented in a wide range of 

enterprises within a specific domain. Examples include risk assessment 
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systems for vehicle insurance, teaching management suites and point of sale 

systems. 

The fourth layer is formed by tailor-made applications. These are built 

according to the specific business requirements of each organisation. 

Instances of this class of applications are a production control system in a 

cement factory, or a custom process management system in a court of law. 

Historically, domain specific and generic applications were not available, so 

those layers were not present. Information systems were tailor-made and 

directly built upon the operating system. As their usage grew, clusters of 

generic functionality were isolated and abstracted, creating the second 

layer, and as economies of scaled allowed, domain specific implementations 

were refactored forming the third layer. 

The outward facing arrows in Figure 3.3 represent the on-going trend 

where the four circles have been growing in size: as operating systems 

evolve, they are augmenting their functionality, cannibalizing the adjacent 

tier. Modern operating systems often incorporate general-purpose tools 

covering a wide spectrum of applications like text editing, content creation 

and contact management. Similarly, generic applications in the second 

layer absorb functionality from the third and fourth layers. For instance, it 

is not uncommon to find advanced data analysis techniques in spreadsheets 

and statistical suites that were formerly exclusively available on domain 

specific or tailor-made software. 

As the inner layers grew in size, the development trend has shifted from 

programming from scratch to assembling and integrating modules and 

applications. The dynamic environment in modern economies also benefits 
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from this approach, as business processes are constantly adapting to 

external stimuli. 

Indeed, in most organisations, one of the key requirements is to be able to 

track operations as they are executed.  Workflow management systems 

(WfMS) were integrated in enterprise information systems to tackle this 

problem by creating generic internal representations of business processes. 

Typically, processes are modelled with the aid of graphical tools and can be 

modified without compromising the system’s functionality. 

Following these trends, the first BPMS were generic standalone WfMS 

located in the second layer. They were followed by integrated solutions in 

the third layer, offering modules that suited different business 

requirements. Moreover, the process-centric nature of these suites 

supported the dynamic requirements of enterprises, by allowing workflows 

to be changed with relative ease (van der Aalst et al. 2003a). 

Hammer (1990) introduced the concept of business process reengineering 

(BPR) around the notion of discontinuous thinking. The author 

recognised that it was not enough for companies to reduce waste or 

automate existing processes. Rather, they should reinvent the process, 

surpassing old assumptions and rules. Principles behind the reengineering 

methodology include organising people’s work around processes rather 

than tasks, building control into processes and the resulting flattening of 

decision trees, and eliminating redundancy in information management. 

Georgakopoulos, Hornick and Sheth (1995) present WfMS as a set of 

process modelling and implementation components, providing the ability 

to “specify, execute, report on, and dynamically control workflows”, which 
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are functional representations of business processes. In turn, the Workflow 

Management Coalition views them as the automation of the business 

processes, explicitly seen as a workflow passing through a number of 

participants, in keeping with a set of predefined rules. 

Cardoso, Bostrom and Sheth (2004) compared ERP and WfMS, recognising 

both as technologies that support process management. ERP systems 

typically implement industry best practices and predefined business 

processes. Nonetheless, the authors find that, in contrast with ERP systems, 

WfMS adopt a process-centric view (rather than data-centric), in which flow 

logic and function logic are explicitly separated. This separation grants 

WfMS generality and domain independence. 

Van der Aalst et al. (2003a) distinguished workflow management (WFM) 

from BPM. The authors define the former as “the automation of a business 

process, in whole or part, during which documents, information or tasks are passed 

from one participant to another for action, according to a set of procedural rules”. In 

tandem with this definition, the WfMS emerges as the system that enables 

the automation of business processes, supporting the creation and 

execution of workflows in an interactive integrated environment. Van der 

Aalst points out that WFM’s focus on enactment is perhaps too restrictive, 

and proposes a definition for the (then emerging) term BPM:  “Supporting 

business processes using methods, techniques, and software to design, enact, control, 

and analyse operational processes involving humans, organisations, applications, 

documents and other sources of information”. This definition distinguishes BPM 

in two ways: it presents BPM as a technology and a methodology, the former 

addressing process design, and the latter the analysis of operational 

processes.  
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Following the above definition, van der Aalst proposes a BPM lifecycle that 

describes the various phases in BPM that support operational processes. 

This is shown in Figure 3.4 (van der Aalst 2004). The first phase deals with 

process elicitation and design. Activities in this phase pertain to the process 

of process modelling. They comprise the characterisation and 

representation of activities, events/states, and control logic of business 

processes, and can also refer to organisational data and resources (Indulska 

et al. 2009). In section 3.4 we address process modelling in detail. 

The system configuration phase follows by implementing the process design 

in a BPMS; processes are then executed by the configured system in the 

process enactment phase; finally, in the diagnosis phase, processes are 

analysed in order to find problems or inefficiencies. The results of the 

conducted analysis provide feedback to process redesign, and the cycle is 

reinitiated. The figure indicates why the traditional notion of workflow has 

been replaced by BPM in recent years, by pointing out that workflow 

management systems were generally focused on the design and 

configuration phases, whereas BPM adds the diagnosis phase and 

completes the process lifecycle. 
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Figure 3.4: Van der Aalst’s BPM lifecycle 

Despite BPMS having initially received lukewarm acceptance in the industry 

(Cardoso et al. 2004), the Gartner research firm claimed that more than 

12% of productivity improvements were achievable without process 

redesign by simply “making the current-state handoffs, timing and responsibilities 

explicit” (Rudden 2007). In a survey conducted by the same firm in 2009, 

involving 1527 CIO’s (Chief Information Officer) worldwide, business 

process improvement is ranked as number one in the top ten business 

priorities, having secured the top position since 2005 (Gartner, Inc. 2009). 

These findings were in accordance with BPM consulting firm McKinsey’s 

own survey with 548 executives worldwide in 2008 (Roberts 2008), which 

revealed the top IT priorities for the following budget cycle. Those 

consisted on improving the efficiency of business processes, improving the 

effectiveness of business processes, reducing IT costs, providing managers 

with information to support decision and planning, and ensuring 

compliance with regulations. 
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3.1.3 Process Execution 

The BPMN specification distinguishes between non-executable processes, 

which are modelled for documentation purposes, and executable processes, 

which are modelled with the purpose of being executed by a workflow 

engine. 

Figure 3.5 shows a reference model for a BPM system, as proposed by the 

Workflow Management Coalition (WfMC) (Hollingsworth 1995). The 

figure shows the main system components integrated in the reference 

model. Processes are created in the workflow system through standard 

process definitions generated by external process modelling tools. The 

Workflow enactment service is responsible for process instantiation and 

activation and provides a runtime environment for their execution. It 

includes one or more workflow engines and the related workflow control 

data. As shown in the figure, all communication with the workflow 

enactment service is done through five interfaces using the workflow API 

and standard interchange formats. Workflow client applications organise 

user work items for execution through the worklist handler and data store. 

Invoked applications handle specific activities activated by the workflow 

engine. They manage workflow application data and update workflow 

exposed data that is used by the workflow engine. Administration and 

monitoring tools can also interface with the enactment service for user 

control and management, and communication interfaces with remote 

workflow engines are provided for distributed operating scenarios. 
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Figure 3.5: WfMC’s Workflow Reference Model 

Web services were proposed as a set of specifications to allow application-to-

application communication over the internet based on standards and 

existing web protocols (Curbera et al. 2002). The framework is threefold: 

the Simple Object Access Protocol (SOAP) communication protocol (W3C 

2007) enables communication between web services by defining a XML-

based message structure transmissible through standard protocols such as 

HTTP. The Web Services Description Language (WSDL) (W3C 2001) 

formally describes web services for computer consumption, providing an 

abstract interface detailing the messages that must be exchanged in a 

service interaction, and protocol dependent information that describes the 

interaction over the specified protocol. Finally, the Universal Description 
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Discovery and Integration (UDDI) (OASIS 2004) provides a centralised 

registry that enable users to find relevant web services, compiling 

information about service name and contact details, business and service 

type based categorisation, and technical data such as the list of technical 

specifications to which the service complies. 

Service oriented architectures brought location independence to BPMS’s, 

which became a tier that connected people to system services. Integration 

architectures such as Enterprise Service Bus (ESB) composed services and 

provided an abstraction layer to the service consumers, hiding service 

implementation details and enabling transparent service composition. The 

WSBPEL generalized the integration layer, exposing processes as web 

services and enabling the composition of business processes by chaining 

web service calls. 

The Web Services Business Process Execution Language (WSBPEL) (OASIS 

2007)  is an OASIS standard for the specification of business processes as 

web services for the purpose of execution by a workflow engine. It follows 

the WSDL specification by adhering to its service model: a BPEL process 

definition provides or uses WSDL services and describes the message 

exchanges in which the specified business process takes part in a given 

interaction. Compatibility with BPMN is achieved by a mapping present in 

the BPMN specification, which enables the conversion of executable 

process models into WSBPEL process definitions. 

Business processes can take part in two types of interaction. In an 

orchestration, a private business process acts as a coordinator and invokes 

one or more web services to compose the orchestration, which is 

transparent to all involved processes but the coordinator. A choreography, 
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on the other hand, does not rely on a central process. Instead, it is based on 

message exchanges between public processes, where each web service is 

aware of the composed process and shares its coordination. 

 Published standards addressing business process interoperability include 

ebXML (OASIS 2001), which builds on the EDI concept using a XML-based 

framework, and the RosettaNet industry standards (RosettaNet 2011) that 

focus on B2B information exchange including process directories, product 

and partner codes, and a common set of properties for business processes. 

The UN/EDIFACT (UN/CEFACT 2008) and openTRANS (Organisation 

2008) standards are centred on business transactions and the electronic 

exchange of business documents. The xCBL (One 2003) and OASIS 

Universal Business Language (UBL) (OASIS 2006) specifications offer 

libraries of standard, reusable business documents to be used in business 

transactions, covering procurement, ordering, fulfilment, and billing. 

3.1.4 Process Analysis 

The Business Process Analysis (BPA) field addresses the diagnosis phase of 

the BPM lifecycle, involving diagnosis, simulation and verification of 

business processes. BPA is typically performed in the context of business 

process reengineering, where business analysis is needed to elicit and 

characterise running processes. A number of meetings are conducted 

where a team of analysts interview participants in order to collect 

information about the process of interest. The resulting model, called the 

“as-is” snapshot model, should as close as possible reflect the current state 

of the process (Smith and Sarfaty 1993). The counterpart to this model is 

the “to-be” model, which represents the desirable future, or what the 

process should comprise. Even in organisations not implementing BPM, it 
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has been observed that most have “as-is” processes (Fischer 2007) that have 

been developed for documenting purposes. These models enable 

monitoring and can guide the introduction of BPA. 

Lewin introduced an experiential learning theory according to which a 

person is constantly cycling between four stages: having experiences, 

making observations and reflections upon those experiences, making 

generalisations and abstract concepts based on those observations, and 

finally testing those concepts in new experiences (Kolb 1984). Building on 

that theory, Deming introduced the plan-do-check-act (PDCA) cycle, also 

known as the Deming cycle (or the Shewhart cycle as referred to by the 

researcher, who credited his teacher Dr. Walter A. Shewhart for the 

concept). The PDCA cycle expands the idea of “as-is/to-be” modelling by 

offering a complete workflow that can be applied to business analysis (see 

Figure 3.6) (Starkey et al. 2004). 

 

Figure 3.6: PDCA/Deming cycle 

The planning stage of the PDCA cycle translates into the modelling of 

operational processes (“as-is”), whereas the “Do” refers to the execution of 

those processes according to the model. Next, in the “Check” phase, 

operational results and metrics are gathered and analysed, identifying 

Do	

Check	Act	

Plan	
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issues and areas to be improved. Finally, action is taken to tackle 

inefficiencies and resolve issues. The cycle is completed by applying the 

acquired experience in a new instance of the planning stage, with the 

development of a “to-be” model. 

A number of shortcomings in “as-is/to-be” approaches such as PDCA have 

been pointed out by researchers (Silva et al. 2009). These include social-

organisational issues, like difficulties in capturing different perspectives by 

managers and users and their intersection with the systemic view of business 

analysts, or the gap that often exists between the organisation strategies and 

procedures and the tacit knowledge employed by users in the actual 

execution of operational processes. Issues can also emerge from the 

dynamic nature of the organisational environment that can yield change 

before the cycle can be completed, and from uncommon business scenarios 

that take time to identify and add to the complexity of the model. The 

shortening of the intervals between modelling and implementation, and 

the ability to incompletely define processes in an iterative fashion are 

presented factors to address these issues (Silva et al. 2009). User 

empowerment is also seen by the authors as key, wherein processes should 

exist that promote collaboration and creativity, and are supported by 

systems that enable the execution of flexible processes that are not 

completely specified. 

Semantic BPMS apply semantic techniques to BPM in order to improve 

automation in the BPM lifecycle and to enable more convenient and 

meaningful capabilities in BPM tools for business users and analysts. The 

Semantic BPM (SBPM) lifecycle has been characterised by (Wetzstein et al. 
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2007) as containing the following phases: SBPM modelling, semantic 

business process (SBP) implementation, SBP execution, and SBP Analysis.  

SBPM modelling creates semantically annotated business process models 

that facilitate discovery for service composition.  Based on those models, 

SBP implementation produces executable process models, which can be 

deployed to a semantic BPMS for execution. The authors distinguish three 

components in BPMS for handling semantic process execution: the SBP 

engine, responsible for instantiation and execution, the semantic web 

service (SWS) infrastructure, which handles semantic discovery, selection 

and invocation of SWS, and the service requester, which enables the SBP 

engine to act as a user and autonomously request the achievement of SBP 

tasks. 

Semantic BPMS improve BPA analysis by mapping and describing relations 

between the conceptual process and its actual implementation, and 

building taxonomies for characterizing process execution data. This 

enables business analysts to create meaningful queries and reports. In 

addition, alerts can be triggered by specific behaviours based on semantic 

properties and user-defined taxonomies (Casati and Shan 2002). 

Ontologies can be used in conjunction with process logs in order to infer 

properties and relationships in workflow activities, aiding in process mining 

(de Medeiros et al. 2008). 

BPMS seek to face challenges such as efficient web service discovery and 

heterogeneous web service interoperability. Semantic heterogeneity refers 

to the intended meaning of data exchange between web services. 

Ontologies can be used to characterize web service interfaces and integrate 
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heterogeneous services for inter-organisational e-process composition 

(Cardoso and Sheth 2003). 

3.1.5 Process Modelling 

Process modelling is an essential step in business process management, 

where modellers create descriptions and/or enactable representations of 

processes in the organisation. According to Phalp (1998), process 

modelling may serve one of two purposes: (1) to support traditional 

software development, and (2) to support the restructuring of business 

processes. In the former case, the rationale is that enterprise software are 

tools for carrying out business purposes, and therefore support business 

processes. Process modelling is used to elicit these business processes, in 

order to understand and describe business needs, context, and roles, as well 

as their interactions and dependencies when planning and designing the 

software system. In the latter case, process modelling supports the design 

phase of the BPM lifecycle, in which the process is elicited and modelled 

for enactment in PAIS and analysis by BPA tools. Process modelling can also 

serve as an externalisation resource, by documenting shared knowledge 

about business processes resulting from different perspectives and interests. 

The increasing popularity of business process orientation in the nineties led 

to a growing number of modelling techniques to support the trend 

(Hammer and Champy 1993). Aguilar-Savén (2004) conducted an 

extensive review of the business process modelling literature covering more 

than 7000 scientific journals  and conference proceedings, and identified 

nine main techniques that were found the most frequently used. They are 

the flow chart technique (Lakin et al. 1996), data flow diagrams (Chen 

2009), role activity diagrams (Holt et al. 1983), role interaction diagrams 
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(Aguilar-Saven 2004), the Gantt chart (Aguilar-Saven 2001), IDEF 

(Knowledge Based Systems, Inc.), the coloured Petri-net (Jensen 1981), 

object oriented methods (e.g. UML (Object Management Group 2011)), 

and the workflow technique (e.g. BPMN (Object Management Group 

2013).   

In section 3.3 we propose a taxonomy for business processes in the context 

of this research. In the sections that follow, we use the taxonomy to discuss 

the most significant techniques identified above, as well as other relevant 

process modelling approaches. 

3.2  Kernel Theory 

In this section we present the main kernel theories that support our 

modelling approach. Following Gregor and Hevner’s approach (Gregor 

and Hevner 2013), we use the term kernel theory in the context of Design 

Science research to refer to the descriptive theories that inform artefact 

construction. As such, the knowledge encompassed therein is strongly 

related to the organisational storytelling theory and constitutes the 

theoretical knowledge base that supported the construction of the artefacts 

presented in following chapters. 

3.2.1 Knowledge creation theory 

Nonaka (Nonaka and Konno 1998) suggested that explicit knowledge can 

be defined as the kind of knowledge that can be expressed in words and 

numbers, and shared by exchanging data such as formulae, manuals, 

specifications and so forth. Tacit knowledge, on the contrary, is not easily 

transmissible, and can arise in two separate dimensions. The technical 
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dimension refers to the functional skills that emerge from experience, 

whereas the cognitive dimension denotes the network of values, beliefs and 

mental models developed by the individual in the course of his life in order 

to interpret reality and operate in his environment. 

Organisational memory shares characteristics from both explicit and tacit 

knowledge. It reflects the shared knowledge of the organisation, and can be 

retained from individuals, organisational culture, its structures and 

transformations, and archived information in both internal and external 

repositories (Ackerman 1998).  

The underlying challenge when persisting organisational memory is to 

capture tacit knowledge in order to disseminate it across the organisation, 

not only to avoid deviations from the organisational culture but also to 

learn from past mistakes and successes. An obvious solution to this problem 

is to transform tacit knowledge into explicit knowledge, in a process known 

as externalisation (Perret et al. 2004). Typical methods used for 

externalisation include elicitation among employees, external consulting, 

reporting, best-practice documentation, and learning stories. 

3.2.2 Situated Action 

According to Suchman (1987), plans are representations of situated 

actions, and therefore largely dependent on material and social 

circumstances. That is, actions are not abstracted from their circumstances 

as part of rational plans – rather, the course of action depends on the 

circumstances surrounding the action, and these circumstances are used by 

people to achieve intelligent (situated) action.  
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 According to Suchman’s theory, research on process modelling should 

take a bottom-up approach, and focus on how people deal and solve 

problems in the course of situated action, rather than abstracted action 

directly derived from rational plans. The challenge posed to PAIS is how to 

deal with unanticipated scenarios, may they come from exceptions in the 

workflow or from unplanned circumstances. One logical solution to 

situations where prescribed plans are proved unfit is to provide support for 

informal group interaction, communication and decision making (Antunes 

and Mourão 2011). In this research, we support this stance. Following 

Suchman’s theory on situated action, we define context as the set of material 

and social circumstances that informs and drives the action of a process 

actor when pursuing a process goal. 

3.2.3 Organisational Storytelling 

Our standpoint is informed by organisational storytelling   theory (Denning 

2000; Denning 2006), which suggests that process models should extend 

their representational abilities beyond the strict representation of activities, 

conditions and flows, towards what we designate by process stories. Process 

stories may hold contextually richer, diversified information about the 

activities being modelled. For instance, process stories may combine typical 

with atypical situations in the work routine, identifying expected and 

unexpected events that have occurred in the past, mentioning the 

considerations and decisions that were then made, while highlighting the 

organisational culture, rituals and practices affecting them. 

Long-associated with the transfer and preservation of knowledge in human 

civilisations, storytelling has more recently been seen as a useful tool for 

organisational knowledge management. In the 1970’s organisational stories 
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were recognized as valuable resources for enriching understanding (e.g. 

Clark 1972; Mitroff and Kilmann 1976).  Since then, researchers in diverse 

disciplines have investigated the use of storytelling to express and manage 

organisational meaning at both an individual and collective level, to 

“nurture and create meaning” and to “reinforce control and manipulate 

meaning” (Boyce 1996). For example, Swap et al. (2001) view  the use of 

storytelling and mentoring as a means to transfer core competencies, 

whereas Denning’s work on storytelling focuses on the creation and 

framing of shared knowledge with the goal of organisational change 

(Denning 2000; Denning 2005).  

Storytelling uses stories to elicit and document organisational knowledge, 

norms and practices (Brown 2005). In the context of BPM, it enables a new 

approach to process elicitation based on the analysis of user stories about 

their activities in daily work. It can be related to the higher level of user 

participation, as described in the previous section, where workers are 

involved in the analysis and representation of workflows. 

By using storytelling as a means to describing workflows, the worker does 

not have to learn and adapt to a particular modelling language and face 

problems due to inadequate use of the language, or to its lack of flexibility 

or modelling scope. Instead, the user is faced with a well-known, natural 

way of reporting his story, based on experience sharing and social 

interaction (Viégas et al. 2004). 

The story of a workflow is no different in structure from any other: it has a 

beginning, a body where the story unrolls, and an ending. It is sequential 

and triggered by a series of events. It is also characterised by the presence of 

actors that participate in the story and the existence of causality in the 
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action. Finally, there is a common language tying and delivering the 

elements of the story (Migon and Junior 2007). 

A key characteristic of storytelling is its contextual richness: stories convey 

great quantities of information in simple ways, can take advantage from 

uncertainty and imagination, and make the readers or listeners feel 

engaged in the story (Gershon and Page 2001). Storytelling is of increasing 

interest as a way of helping organisations to externalise knowledge that has 

a tacit component (Perret et al. 2004). Because the knowledge in 

organisations is typically distributed, group storytelling has been suggested 

as a convenient knowledge management approach (Borges and Pino 1999; 

Santoro et al. 2010). Perret et al. (2004) used a group storytelling tool to 

help externalise knowledge from software projects, and Carminatti  et al. 

(2005) found that group storytelling was more effective than interviews at 

eliciting collective knowledge. Santoro et al. (2010) used group storytelling 

to elicit knowledge from stakeholders about business processes. Although a 

group storytelling approach may also expose inconsistencies and conflicts, 

this can be regarded as an opportunity to enrich organisational knowledge: 

Boyce (1996) emphasised the value of taking multiple perspectives into 

account in storytelling research. 

Gershon and Page (2001) evaluated the applicability of storytelling to 

information visualization and concluded that it is an efficient mean of 

conveying large quantities of information to decision-makers, the typical 

consumer of this sort of information. The authors analysed written story 

fragments and noted that this technique is able to transmit information 

efficiently and in a way that is easy to understand. This is accomplished by 

conveying great amounts of information implicitly, making the technique 
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ideal for capturing tacit knowledge. Uncertainties are welcomed, and 

readers are expected to “fill in the blanks” with their own imaginations, 

tapping from their life experiences and expectations. Images are also 

regarded as valid transports in this sense, but may require the use of 

contextual notes for clarification. 

According to the same authors, the flow of information across decision 

streams is often time-dependant and is not organised in a consistent way. In 

this context, the main problems that need to be addressed by information 

visualization tools are (1) how to efficiently structure and portray 

information, (2) what data items to include in the representation (3) how 

to present information in a way that it is both appealing and intelligible for 

quick apprehension. A viable solution advanced by the authors is to resort 

to story-like presentations that integrate images, voice narrative and comic 

like representations. 

The usage of the comics metaphor is further validated by Wojtkowski and 

Wojtkowski (2002), and indirectly by Denning (2000), where the author 

advocates the active enactment of a story when delivering information. As it 

will be seen in subsequent chapters, we took a similar approach and devised 

a frame-by-frame, comic-like representation scheme to depict process 

stories. In this way, we aim to harness the advantages of storytelling to tackle 

the three issues outlined above, delivering a compelling, efficient, and easy 

to understand presentation of information. 

3.3  Business Process Classification 

In the first chapter (section 1.2), we argued that the BPM lifecycle 

considering eliciting, analysing, modelling, and enacting business processes 
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in organisations has been significantly influenced by the final stage and in 

particular the translation of process models into machine-readable 

instructions. The focus on a more sensible perspective, where the BPM 

practice may be less constrained by technology, suggest we should consider 

the issue of control in technology support.  

 In Figure 3.7 (adapted from Mourão and Antunes 2007) we illustrate that 

the level of control over a human-machine system is a combination of two 

variables: human and machine control. The type of supporting technology 

determines such combination. Technology may either enforce strict rules 

and procedures over human activities or support open-ended, unrestricted 

human activities. In between, we find what has been designated as joint-

cognitive systems, where control is a co-agency between humans and 

machines (Hollnagel and Woods 2005). According to the joint-cognitive 

perspective, details of the real world may determine a swift change of 

control between the two parties, either because the machine may try to 

compensate for human error, or the other way around. For BPM in general 

and process enactment in particular, this means that enterprise systems 

should be designed for different levels of flexibility required by the work 

environment (Cabitza and Simone 2013a). 

The joint support to human and machine control has significant 

implications for enterprise systems, especially regarding the 

implementation of exception handling mechanisms. In prior research, 

Antunes and Mourão identified five types of exception handling 

mechanisms, which can be conceptualised in two dimensions considering 

the type of control and type of response (Antunes 2011; Antunes and 

Mourão 2011).  



Theoretical Foundations  

 57 

 

Figure 3.7: Level of control 

As shown in Figure 3.8 (adapted from Antunes and Mourão 2011), three 

types of control are considered: prescriptive, where machines apply 

predefined handling procedures and therefore human intervention is 

highly constrained; discretionary, where humans take control and decide 

what to do next; and mixed, considering situations where control has to be 

negotiated between humans and machines. The two types of response may 

be either planned or unplanned. In the planned case, humans and 

machines have predefined exception-handling procedures, which can 

therefore be applied to resolve an exception, while in the unplanned case, 

no procedure is available and the handling procedure has to rely on other 

strategies, usually involving human ingenuity.  
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Figure 3.8: Exception handling strategies 

The five exception-handling strategies are characterized using the two 

dimensions defined above. They may range from automated failure 

handling (e.g. wait for the network to recover from failure), to 

programmed exception handling (e.g. rollback a transaction in case of 

message failure), model adaptation (e.g. change the flow and conditions, if 

they do not impact other processes), restricted ad-hoc changes (e.g. add an 

activity between two consecutive activities), and unrestricted interventions 

(e.g. add or delete activities without consideration for model consistency).  

Besides the problem of control, we should also discuss the differences 

between process models and business reality. By definition, any business 

process model is always an incomplete representation of the business reality 

(McCarty 2004). However, we argue that here again we may consider that 

the level of modelling is a combination of two variables: contextualisation 

and normalisation. In Figure 3.9, we use the concept of level of modelling 
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to characterise how a process model may reflect the work reality by either 

leaning towards the normalisation or towards the contextualisation of work. 

On the one hand, normalisation seeks to find a single process model 

describing the regular/consensual sequence of activities, eventually with a 

great level of detail. On the other hand, contextualisation considers the 

large number of possible variations in process execution. Of course once 

again these two different approaches to modelling may require different 

types of support from enterprise systems. 

 

Figure 3.9: Level of modelling 

With these two dimensions of the problem, considering level of control and 

level of modelling, we may now discuss with more detail what types of 

processes fall in each category (see Figure 3.10). We first note that quadrant 

1, combining lean models favouring the normalisation of work, with 

predominant machine control is the domain of mechanistic BPM processes. 

They favour behavioural clarity and predictability. They avoid disturbances 

and human decision-making, and are strongly suited to mechanisation and 

computerisation (Hollnagel and Woods 2005). 
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Figure 3.10: Classification of business processes 

The combination of predominant human control and lean models in 

quadrant 2 suggests the support to ad hoc processes, where the dynamic 

flow of events, including unexpected events, determines the process 

evolution (Antunes 2011). Health care treatments are typical examples of 

ad hoc processes, which usually deal with exceptional or unanticipated 

situations (Weber et al. 2008). This kind of processes are characterised by 

significant human intervention, decision-making, and sensemaking. 

Here, an important role attributed to machines is to support the decision 

makers e.g. with visualisation tools, query and filtering mechanisms, etc. 

(Antunes 2011).  

The combination of predominant machine control with rich models 

(quadrant 3) fosters machine capacity to generate and handle a very large 

number of alternatives. Research in generative design highlights how 
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technology may inspire alternative solutions through evolution, breeding 

and adaptation (McCormack et al. 2004). According to this perspective, 

variety is not only possible but also desirable and exceptions, instead of 

representing a setback when analysing, modelling and managing business 

processes, may actually become an opportunity to improve a business 

process.  

The combination of predominant human control and rich process 

modelling concerns sensible processes (quadrant 4). Here, human 

sensemaking and decision-making capabilities combine with rich 

information necessary to adapt the process to the changing environment 

both through human decision-making and through computational support 

(Antunes and Ferreira 2011; Antunes et al. 2014). 

Management and governance literature has provided several instances of 

sensible processes. For example, Pries-Heje and Richard (2008), while 

examining the process of organisational change, identified many ways to 

enact organisational changes, all based on sound competing theories. This 

situation strongly requires human capabilities to analyse rich organisational 

information and to make sensible choices, which can be supported by 

computational tools.  

This research focuses exactly on this quadrant. We characterise sensible 

business processes as processes that leverage both the human capacities for decision- 

making and the information processing capacities for supporting the sensemaking 

process. Thus sensible business processes appear in opposition to 

mechanistic processes, where modelling and control predominantly rely 

upon and utilise machine capacities. 
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We define six criteria that help clarifying the main differences between the 

four types of business processes (see Table 3.1). We organised the criteria 

according with two main categories: specification and execution. The 

former concerns issues related to how the business process is specified and 

the latter is related to business process execution. 

Table 3.1: Comparing the four quadrants in the proposed taxonomy 

Criteria Definition Sensible 
Processes 

Mechanistic 
Processes 

Ad-Hoc 
Processes 

Generative 
Processes 

Formalization The stating of 
formal rules in a 
business process 
specification 

Low High Medium High 

Detail The level of detail 
in a business 
process 
specification 

Low High Low High 

Agility The capacity to 
adapt a business 
process 
specification to 
various external 
conditions 

High Low Medium Low 

Operationalization The stating of 
operations 
involved in 
executing a 
business process 

Low High Medium High 

Implicitness What is implied 
when executing a 
business process 

High Low Low Low 

Flexibility The 
responsiveness to 
contextual 
changes when 
executing a 
business process 

High Low Medium Medium 
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In relation to process specification, we identify three important criteria: 

formalization, detail and agility. Formalization expresses the stating of 

formal rules in a specification. Mechanistic and generative processes 

require a high level of formalization, mostly because the underlying 

technology must control the dependencies between tasks and conditions 

that must be fulfilled to determine if a task can be initiated or not (Ploesser 

and Russel 2009). To a lesser degree, this is also applicable to ad-hoc 

process models, whose level of formalization is lower than mechanistic BPM 

but still higher than unstructured cooperative work systems (Voorhoeve 

and van der Aalst 1997).  On the other hand, sensible BPM tends to rely on 

lower formalization. For instance, a surgical process may only refer in very 

generic terms what actions will be applied but not necessarily how. An air 

traffic control process may refer what tasks should be accomplished using 

generic terms but not precise actions. In both these examples the level of 

formalization is low.  

Another important criterion related with process specification concerns the 

level of detail expressed in the specification. Mechanistic and generative 

BPM systems require a high level of detail, mainly because it is necessary to 

assert exactly which tasks should be executed, who is responsible for 

executing the tasks, and what are the expected inputs and outputs, timing, 

conditions, etc. On the other hand, ad-hoc and sensible BPM systems may 

rely on ad-hoc decisions to determine the fine-grained details. For instance, 

a process describing how a company communicates with its clients does not 

require fine-grained details regarding communication media, tools, timing, 

etc. Thus we may consider that while mechanistic and generative BPM 

requires detailed information about business processes the ad-hoc and 

sensible views mainly deal with high-level concerns. 
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Still related to process specification, we find the notion of agility (Bruno et 

al. 2011). Agility is the capacity to redefine a business process in order to 

adjust it to changing external conditions. What is under stake here is the 

effort and time required to adapt an existing business process. In the case 

of mechanistic and generative BPM systems, adaptations may take a long 

time to accomplish and require a significant effort. The main reason is that 

changes in the BPM system must be carefully managed at the technical 

level. The same applies to ad-hoc systems, even though there may be no 

effort associated with adaptation in situations where change is not necessary 

because the model is less restrictive (Pesic and van der Aalst 2006). In the 

case of sensible BPM, agility may be easier to accomplish since changes do 

not involve the technical level. Of course we should consider that the 

adaptation cost is also partially dependent on the required levels of 

formalization and detail, which gives some advantage to the sensible 

approach.  

Let us now move on to issues related to process execution. 

Operationalization is the first criteria we consider. It refers to the 

transformation of a process specification into the set of operations 

necessary to execute the goals implied by the process. In the case of 

mechanistic and generative BPM the operationalization is usually very high, 

mostly because these systems have been designed to maintain a close 

relationship between specification and execution through a set of formal 

rules (Ploesser and Russel 2009). Rules that state, for instance, that a 

process must have one single beginning and one single ending serve exactly 

to maintain such close relationship. Ad-hoc BPM still maintains a 

considerable level of operationalization, as formal rules and task routing 

are still used as mechanisms for process support (van der Aalst et al. 



Theoretical Foundations  

 65 

2005b). However, high variation of processes make it harder to monitor 

and control their execution (Voorhoeve and van der Aalst 1997). On the 

other hand, sensible BPM may have lower operationalization. Systems can 

take advantage of the human capability to make decisions when 

determining the set of operations that should be executed (Reijers et al. 

2007). For instance, a process describing how firefighters should engage in 

a fire necessarily relies on the high expertise and training of the 

firefighters, so that the rules of engagement do not have to make visible the 

whole set of decisions that need to be made when facing the situation.  

Implicitness is another important criterion. It refers to contextual 

information necessary to execute the process but not explicitly stated in the 

specification. Most often humans infer contextual information from tacit 

knowledge (Silva and Rosemann 2012). For instance, an emergency 

evacuation process does not have to describe how to get out of a building, 

as it is assumed that people know how to do it; it just has to remind the 

reader where the meeting point is and that the lifts should not be used. 

Therefore implicitness is necessarily much higher in sensible BPM than in 

the remaining approaches. Mechanistic BPM systems explicitly determine 

what is allowed through an imperative rule set. Ad-hoc BPM systems are 

more permissive but still maintain a clear set of execution rules, e.g. 

formally specifying forbidden behaviour (Pesic and van der Aalst 2006). 

Regarding generative processes, variant models can only be derived or 

generated through well-defined specifications and change operations 

(Hallerbach et al. 2008). 

The last criterion we consider is flexibility. It is related to the ability to 

respond to contextual changes while processes are being executed. Here 
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the advantages of sensible over the remaining approaches derive from the 

human capacity to interpret contextual changes and adapt their responses 

accordingly. Ad-hoc systems can be hindered by change-related issues 

during execution, but can lessen this problem by either avoiding 

unnecessary change or changing the model while migrating instances 

(Pesic et al. 2007). Generative systems can also adapt to changes during 

execution by applying generative techniques such as evolution and 

adaptation.  Nonetheless, these require formalization and parameterization 

(Hermosillo et al. 2010). 

To summarize, we observe that sensible BPM tends to polarize towards low 

formalization, detail, and operationalization, and towards high agility, 

implicitness and flexibility. On the flip side, mechanistic BPM tends to 

polarize towards high formalization, detail, and operationalization, and low 

agility, implicitness and flexibility. The main difference of generative 

systems over mechanistic BPM is related to higher flexibility enabling the 

execution of adaptable business processes. Differences between sensible 

processes and ad-hoc processes are related to higher agility, implicitness 

and flexibility, and lower formalization and operationalization.   

 Unsurprisingly, the operationalization criteria seems challenging to 

sensible BPM. Unlike mechanistic processes, which are much closer to 

execution, sensible processes may be more difficult to implement in a 

technical system. 

The remainder of this chapter is organised as follows: in the following 

section we describe relevant modelling techniques associated with 

mechanistic process modelling; in sections 3.5 and 3.6 we review current 
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process modelling solutions for ad-hoc and generative processes; finally, in 

section 3.7 we present the state of the art in sensible process modelling. 

3.4  Mechanistic Process Modelling 

In this section we describe four modelling techniques that are associated 

with mechanistic process modelling. They are Pi-calculus, Petri nets, UML, 

and BPMN. 

3.4.1 Modelling business processes with Pi-calculus 

Pi-Calculus was introduced by Robin Milner as a model to describe 

concurrent systems, allowing for the representation of processes, their 

parallel composition, synchronous communication and replication (Milner 

1999). A process can communicate with another process by sending a 

message over a channel, which represents a communication link between the 

processes. 

There are two sets representing entities in π-calculus. The most basic one is 

the set of names, 𝑥,𝑦,…  ∈  ℵ, which are infinite and possess no structure. 

The other one is the set of processes, 𝑃,𝑄,…  ∈ ℘. 

The following process constructs are defined in pi-calculus: 

• 𝜋.𝑃 represents the process P prefixed by the atomic action π. The 

two possible combinations are 

o 𝑥 𝑦 .𝑃, which denotes the behaviour of the P process, 

prefixed by the input of a name – y, which is binded in P, 

along the channel x; 
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o 𝑥𝑦.𝑃, which denotes the behaviour of the P process, prefixed 

by the output of a name – y, which is unbinded, along the 

channel x; 

• 𝑃 + 𝑄 represents a process that can behave like either P or Q (but 

not both); 

• 𝑃 | 𝑄 means that P and Q are concurrently active; 

• !𝑃 denotes an infinite number of copies of P concurrently active; 

• 𝜐𝑥 𝑃 declares a new unique name x to be used in P 

• 0 denotes a process whose execution is complete and does nothing. 

As a simple example, consider the process 𝑃  𝑄  𝑅, represented as  

𝑥𝑦   𝑥 𝑢 .𝑢𝑣  𝑥𝑧 

Processes P and R simply send the names y and z through the channel x, 

and P outputs v along the channel received through the channel x. As the 

three processes are running in parallel and there is only one instance of Q, 

processes P and Q concurrently compete for the communication with Q, as 

only one of two possible links can be established. Therefore, the two 

possible outcomes are 

0  𝑦𝑣  𝑥𝑧   or   𝑥𝑦   𝑧𝑣  0  

In the first case P sends y through x and terminates its execution, Q waits to 

send v along the channel y received from P, and R remains idle. The 

resulting process could be further reduced to 𝑦𝑣 | 𝑥𝑧. The second case is 
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similar with the distinction that R sends the channel to be used by Q and P 

remains idle. 

If we consider a variation of the original process, 𝑃  !𝑄  𝑅, communication 

with both P and R will be able to occur. The only undetermined factor will 

be the relative order of the communication of Q with the other processes. 

One possible sequence is: 

𝑥𝑦   ! 𝑥 𝑢 .𝑢𝑣  𝑥𝑧 
𝑥𝑦   ! 𝑥 𝑢 .𝑢𝑣  𝑧𝑣 | 0 

0  𝑦𝑣 | ! 𝑥 𝑢 .𝑢𝑣   𝑧𝑣 | 0 
𝑦𝑣 | ! 𝑥 𝑢 .𝑢𝑣 | 𝑧𝑣  

As observed in the sequence, Q is replicated and can hence communicate 

with R outputting v through channel z, and then with P, outputting v 

through the channel y. In the end, Q remains active and able to 

communicate with other compatible processes. 

Pi-calculus has been used for the formalization of BPM languages such as 

WSBPEL (Lucchi and Mazzara 2007), XLANG and WS-CDL (Laneve and 

Zavattaro 2005). This has been criticised by van der Aalst, who points out 

that many of those efforts are motivated by hype and marketing rather than 

a clear advantage brought by the π-calculus formalisation (van der Aalst 

2003). The author offers a number of advantages for the use of Petri nets as 

an alternative to π-calculus. For instance, Petri nets can also explicitly 

model states, in contrast with π-calculus, which is event-based. In addition, 

the graphical nature of Petri nets makes them more naturally suitable for 

modelling workflow primitives, while still offering formal semantics. Finally, 

there are more analysis techniques available for Petri-nets, enabling the 
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verification of process designs and the development of more powerful BPA 

tools. 

3.4.2 Modelling business processes with Petri nets 

Petri nets were invented by German researcher Carl Adam Petri, who at the 

age of 13 first developed them to model chemical processes. Petri net 

theory was formally established in 1962, as part of the researcher’s doctoral 

thesis at the Darmstadt University of Technology (Adam and Petri 1962). 

Petri started by considering a simple and-gate, shown in Figure 3.11 (Adam 

and Petri 1962). Assuming that a can admit the states 0a and 1a, and 

similarly for b and c, we consider that the possible states of this system can 

be expressed by a triple xa yb zc, where x, y, z are either 0 or 1. The 

switching element W has the property 1a 1b 0c → 0a 0b 1c, and all other 

triples are stable. 

  

Figure 3.11: Petri’s “And-gate with reaction” 

The behaviour of the switching element W, in the author’s own words is 

such as “W waits until it observes the objects 1a and 1b in its neighbourhood and 

produces from these a new object 1c” (Adam and Petri 1962).  The switching 

element W is called an “and-gate with reaction” because as a result of the 
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state change, a and b are shifted back to the states 0a and 0b, respectively. 

Petri stresses that the waiting of W is not to be interpreted as an activity, but 

rather a connection between a, b, c, in which a state change is triggered 

when 1a, 1b, and 1c are verified, and the (only) post-condition is the 

presence of 0a, 0a, and 1c. The state change is characterised as an elementary 

process whose execution is atomic. The switching element W is said to be 

subject to an action that can be represented as 

𝑊 𝑎, 𝑏, 𝑐 : 110 → 001 

Domains of operation of a switching element are defined by the author 

according to their relation towards the switching element: a switching 

element can perceive if either a 0-object or a 1-object appears in a domain 

of operation. In the example of Figure 3.11, a, b and c are the domains of 

operation of W. Domains of operation are, for brevity, referred by Petri as 

locations or places, and switching elements as nodes. In the above definition, 

an object is an ordered pair consisting of a location and a bit (one of the 

symbols 0 or 1), such as 0a or 1b. 

The following relations between locations are defined:  

• J(a, b): if locations a and b are the domain of operation of the node K 

then it is said that a and b belong to K: 

𝐽 𝑎,𝐾 ,     𝐽(𝑏,𝐾)     ; 

• I(a, b): if locations a and b contain the same objects then it is said 

that a and b are identical; 
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• N(a, b): if there is a node to which locations a and b belong then it is 

said that a and b are vicinal: 

𝑁 𝑎, 𝑏 ≡ (∃𝐾)(𝐽 𝑎,𝐾 ∙ 𝐽 𝑏,𝐾 ) ∙ ~𝐼(𝑎, 𝑏)     ,  

or there is at least one node K to which both a and b belong and where a 

and b are not identical; 

• C(a, b): if locations a and b are linked by an n-chain of n links, where 

n is a natural number greater than 1, then it is said that a and b are 

connected: 

𝐶 𝑎, 𝑏 ≡ (∃𝑛)(𝑁! 𝑎, 𝑏 )     ; 

A set of locations structured by the N-relation is called an N-structure, and a 

connected N-structure is called an N-net. If we let P be a natural number 

representing the upper-limit to the number of locations belonging to a 

single node, then an f set of P-limited switching functions over a set of 

locations structured in an N-net is defined as an f-net. Finally, Petri defines 

the term net as an f-net where P = 4 and M = 2, where M is a natural number 

representing the upper limit to the number of nodes to which any given 

location can belong to. Figure 3.12 shows an example of such defined net – 

all locations are structured in an N-net and belong either to one (locations 

a,g,h) or two nodes (locations b,c,d,e,f), and all nodes exhibit a p value of 3, 

except S, for which p = 4.  
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Figure 3.12: Example of a net as defined by C.A. Petri 

The researcher then simplified the concept by assuming that each node can 

carry only one action, thereby eliminating the need for the concept of 

node, as locations can then directly be connected by actions. These nets are 

baptised by Petri as action nets or A-nets. A-net locations are represented by 

circles, which can either be empty, meaning that they are associated with 

the 0-bit, or marked with a dot at its centre, if they are associated with the 1-

bit. The directed line segments represent actions connecting locations. 

Petri nets were defined by Murata (1989) as directed, weighted, bipartite 

graphs that assume an initial state called the initial marking, M0. As any 

bipartite graph, its vertices can be divided in two disjoint sets, where every 

edge connects two vertices from both sets. The disjoint sets correspond to a 

set of places and a set of transitions. The edges are directed arcs that either 

link places to transitions or transitions to places. Arcs are each associated 

with a natural number k, its weight, which can be interpreted as a set of k 

parallel arcs.  An unlabelled arc is assumed to have a weight of 1. Finally, 

places are marked with a nonnegative integer representing the number of 

tokens in each place. Figure 3.13 illustrates the graphical representation of 

a Petri net and its components. 
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Figure 3.13: Petri net 

A Petri net can thus be formally defined as a 5-tuple N = (P, T, F, W, M0), 

where: 

• 𝑃 = {𝑝!,𝑝!,… ,𝑝!} is a finite set of places; 

• 𝑇 = {𝑡!, 𝑡!,… , 𝑡!} is a finite set of transitions; 

• 𝐹 ⊆ 𝑃×𝑇 ∪ 𝑇×𝑃  is a finite set of arcs; 

• 𝑊:𝐹 → 1,2,3,…  is a weight function; 

• 𝑀!:𝐹 → 1,2,3,…  is a weight function; 

• (𝑃 ∩ 𝑇 = ∅) ∧ (𝑃 ∪ 𝑇 ≠ ∅) 

A transition is classified as enabled if each of its input places has at least as 

many tokens as the weight of the arc connecting that input place to the 

transition. An enabled transition fires with the occurrence of the associated 

event, removing as much tokens from each input place as the weight of the 

corresponding arc, and adding to each of its output places a number of 

tokens equal to the weight of the arc connecting the transition to that 

output place. 
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Figure 3.14: Transition firing 

 Figure 3.14 above shows an example of a transition representing a loan 

request. The bank requires at least two guarantors and favourable 

evaluations from three managers. Transition t in the figure as three input 

places – two for both requirements and the other for the loan application. 

In the left part of the figure, it can be seen that the transition is enabled: all 

of the transition’s input places are marked with the number of tokens equal 

to the weight of the corresponding arcs. Six tokens are removed from the 

input places when the transition fires, symbolising two guarantors, one loan 

application, and three favourable assessments from bank managers. 

Simultaneously, as shown on the right side of the figure, one token is 

placed in the output place of transition t (equal to the weight of its arc), 

therefore indicating that the loan is approved. 

The nets that are described above are classified as place transition nets (Reisig 

et al. 1992), which extend the simplest type of Petri nets, condition event nets, 

by allowing more than one arc to link the same place and transition, 

generating arc weights greater than one. However, a number of limitations 

(Ghezzi et al. 2002) have been identified in place transition nets. For 
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instance, tokens are indistinguishable from one another, so they are 

incapable of carrying information with them, other than their presence (or 

lack thereof). Also, there is no timing information to a place transition net, 

nor is there a way to define priorities to the firing of conflicting enabled 

transitions.  

Several extensions have been proposed to Petri nets that tackle these 

limitations. Coloured Petri nets (Jensen 1996) enrich the notion of token, 

making it possible to distinguish tokens in the same Petri net. This is 

achieved by assigning them a value of a given type. The value is the token’s 

colour, and its type is the token’s colour set, which can vary from a simple 

number or string to complex objects such an invoice or credit application. 

Timed Petri nets introduce the notion of time in a net, allowing for 

synchronization and temporal constraints (Ghezzi et al. 2002). In a timed 

Petri net, each transition is associated with a pair <tmin, tmax>, such as an 

enabled transition can only fire if tmin has elapsed and it must fire before tmax 

has elapsed, unless it is in the meantime disabled by the firing of another 

transition. A priority marker can also be added to transitions to facilitate 

synchronization. If multiple conflicting transitions are simultaneously 

enabled, only the ones that have the highest priority are allowed to fire. 

Another limitation of classic Petri nets is their lack of structure – regardless 

of its size or complexity, the modelled process is represented in its entirety 

with the same level of abstraction or detail. The hierarchical extension 

introduces a new kind of transition, represented by a double-bordered 

square, called a process. A process can itself hold a subnetwork containing 

places, transitions and subprocesses. In this manner, the hierarchical 

structure of the modelled process can become evident, when represented 
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by a recursive network of subprocesses describing the process in different 

levels of abstraction. 

Petri nets that are extended with time, colour and hierarchy are called by 

van der Aalst and Hee high level Petri nets (van der Aalst and Van Hee 2002). 

The authors propose that high-level Petri nets are ideal representations for 

specifying processes, not only for their formal definition and properties 

that avoid ambiguity, but also for its nature that allows for a direct mapping 

to processes and their components. Similarly to a transition in a Petri net, a 

process is associated with a set of conditions. In Petri nets, those conditions 

are represented by places. Particularly, processes define the order in which 

tasks are to be executed, and each of these tasks can be a subprocess. The 

network representing the process should have an “entrance” to trigger the 

start of the process – this corresponds to a place with no incoming arcs in a 

Petri net, and an “exit” marking the completion of the process – a place 

with no outgoing arcs.  

3.4.3 Modelling business processes with UML and BPMN 

Visual representation is a popular technique for modelling business 

processes, as it provides graphical artefacts that easily understandable by 

both analysts and business users. Most forms of visual representation of 

business process are in the form of diagrams, which normally retain the 

structure and semantics necessary to aid technical staff in system 

development and maintenance. 

UML Use Case Diagrams model processes from a behavioural standpoint. 

Emphasis is put on what is done or what functions are performed rather 

than how they are executed.  
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Figure 3.15 shows a use case diagram modelling example. The shaded 

rectangle delimits the system boundaries (in this case a retail store). Actors 

are linked with use cases in which they participate. In our example, we have 

the customer, the sales clerk and the store manager. The inheritance 

relationship is used to illustrate that the customer is a generalisation of the 

VIP customer. The latter participates in all use cases accessible to the 

customer, and can additionally access private sales. 

Use cases are labelled in the form of an action, according to the function 

they perform. In order to facilitate reuse, they can include the behaviour of 

other use cases. For instance, the stereotype «include» is used to indicate 

that the use case Register is executed each time a VIP customer tries to 

access private sales. If the execution of an associated use case does not 

occur in all scenarios, an extension point is defined, and the «extend» 

stereotype is used. In our diagram, the Buy Product or Service use case has an 

extension point that is activated when the customer asks for a discount. 

Accordingly, the relationship with the Offer Discount use case is marked with 

the «extend» stereotype. 

Each use case is accompanied by a written functional description of its main 

scenario together with any alternate scenarios that may exist. Points of 

extension and inclusion relationships are also incorporated in the textual 

representation. The UML use case narrative starts with the enunciation of a 

number of assumptions that fall outside the scope of the use case and are 

therefore not tested. This is the case of, for instance, the need for a user to 

be logged in before he can perform a certain use case. Specific pre-

conditions necessary to the execution of the use case are also enumerated 

and are tested by the system. The participating actors are then presented 
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and the use case’s main and alternate scenarios are described. Finally, the 

post-conditions that follow the completion of the use case are enumerated. 

UML activity diagrams are often used in conjunction with use case 

diagrams. An activity diagram models the workflow behind a process or use 

case, detailing the sequence of actions that take place in order to complete 

the workflow. 

 

 

Figure 3.15: Modelling a retail store with a use case diagram 

Figure 3.16 illustrates the representation of the Buy Product or Service use 

case through a UML Activity Diagram. For brevity, it is assumed that the 

sales clerk can autonomously grant discounts to customers. There are two 

activity partitions or swimlanes in the diagram, each corresponding to a 
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participating actor. The initial state is marked with a black circle, and 

actions are represented by rounded rectangles. 

In our example, the customer starts by selecting a product and finding the 

sales clerk. The white rhombus indicates the presence of a condition, in this 

case whether or not the customer has a voucher. The outgoing arrows are 

labelled with the condition outcomes. If lacking a voucher, the customer 

asks for a discount. Upon analysis, the sales clerk can defer the request and 

emit a new voucher, or refuse granting the discount. The customer then re-

evaluates his buying decision and can either proceed with payment or give 

up the purchase. In the latter case, the crossed circle marks the end of that 

flow. 

If on the other hand the customer has a voucher, they present it to the sales 

clerk – the dashed arrow shows that an object is being transferred. The 

voucher object is represented in a labelled square containing the object’s 

name and current state. The sales clerk validates the voucher and returns it 

to the customer, who then proceeds to payment. The double circle marks 

the final state, signalling that the activity is complete. 

The suitability of UML activity diagrams for the modelling of business 

processes is confirmed by the similarities found in the various diagram types 

that integrate the Business Process Model and Notation (BPMN) standard. 
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Figure 3.16: Modelling the Buy Product or Service use case through an activity 

diagram 

BPMN is a specification for process modelling introduced by the Business 

Process Management Initiative (BPMI) in 2004. The BPMI consortium later 

merged with the Object Management Group (OMG), an international 

consortium involving hundreds of organisations in the computer industry, 

and BPMN was adopted as an official OMG standard. The most recent 

specification is BPMN 2.0 (Object Management Group 2013). 

The BPMN specification was designed as a formal mechanism to bridge the 

gap between the visualisation and notation of the business process, which is 

meant to be readable by business stakeholders, and its execution, which is 

supported by a BPM execution language and a BPM engine. 

There are four types of diagrams available for creating a BPM model. The 

process diagram, shown in Figure 3.17 (Object Management Group 2013), 

is very similar to an activity diagram, and reflects the series of actions and 

flow of information in a process workflow. As seen in the figure, this can 
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include conditional sequencing of actions, message exchange, and event 

handling. 

A collaboration diagram complements the process diagram by focusing on 

the message flow between participants. While a collaboration typically 

involves more than one process, the diagram may focus on one of them, 

detailing its interactions and abstracting the others. A conversation diagram 

is a particular kind of collaboration diagram but sits at a higher level of 

abstraction, showing a simpler grouping of message exchanges between 

participants. 

A choreography diagram, although still representing a type of process, 

takes a different approach. While a process diagram focuses on the activities 

that are performed within a particular orchestration, the choreography is 

centred on each participant, and emphasises the flow of information 

among two or more communicating processes. Each process is contained in 

a separate pool, and the choreography is hence defined outside of any 

given pool.  

 

Figure 3.17: BPMN Process diagram example 
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Despite wide acceptation and adoption by the industry, several 

shortcomings have been pointed out by the research community on both 

UML activity diagrams (Wohed et al. 2005; Russell et al. 2006) and BPMN 

(Recker et al. 2005; Wahl and Sindre 2006; Wohed et al. 2006) when 

evaluating their suitability for process modelling. Even though UML 2.0 is 

recognised as a clear improvement over the first version, some limitations 

remain. For instance, activity diagrams still lack direct support for state-

based workflow patterns, and new instances cannot be created when other 

instances of the same activity are already running. BPMN also lacks or 

provides only partial support for some workflow patterns, and the mapping 

to BPEL is only partial, although it is important to note that the referenced 

analyses on BPMN were based on a previous version of the specification. 

While the current BPMN version 2.0, released on January 2011, does not 

tackle all limitations, it does introduce improvements such as the ability to 

handle non-interrupting events and better exception handling. A formal 

meta-model is also defined in the new version, as well as XML-based formats 

for diagram and model interchange. 

Ottensooser et al. (2012) studied the comprehensibility of design notations, 

comparing the BPMN notation with textual notations (in the form of 

written business process descriptions). The study shows that both expert 

modellers and stakeholders benefit from textual descriptions of business 

processes followed by the corresponding BPMN diagrams. Moreover, for 

stakeholders, BPMN diagrams taken alone did not significantly increase 

process understanding beyond their background knowledge of the domain. 

These results show that diagrammatic representations such as BPMN are 

needed to convey precise semantics but complementary, more familiar, text-

based representations can also play a valuable role in model 
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comprehension from process stakeholders. The lack of intuitiveness of 

diagrammatic representations and the complementary role of text-based 

representations has been underlined in recent research (Chakraborty et al. 

2010; Dumas et al. 2013; van der Aa et al. 2015a). In this context, efforts 

have been devised to approximate the two approaches, either by generating 

natural language texts from process models (Leopold et al. 2014), or by 

automatically detecting inconsistencies between diagrammatic and text-

based descriptions of the same business processes (van der Aa et al. 2015b). 

3.5  Ad-Hoc Process Modelling 

As described in the previous section, mechanistic process modelling is 

characterised by precise, highly detailed definitions of process activities, 

including the order they are executed by workflow systems and the 

identification of responsible and intervening actors. Groupware systems lie 

at the other end of the spectrum, by supporting unstructured cooperative 

work that cannot be easily modelled into a workflow. Voorhoeve and van 

der Aalst (1997) introduced the term ad-hoc workflow to represent processes 

that are more flexible than typical mechanistic processes but are still 

constrained by a limited set of rules, allowing for some degree of control. 

An ad-hoc workflow is modelled by a process template that provides a 

reference control structure that can be modified to fulfil specific case 

requirements, by adding, removing, and changing the order of tasks. The 

authors used Petri net process models and a set of proposed constructions 

to represent and modify process templates.  

Eight years later, Van der Aalst et al. (2005b) proposed case handling as a 

new paradigm for supporting flexible, knowledge intensive business 
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processes. The authors identify four problems in mechanistic BPM that this 

new paradigm aims to address: work needs to be compartmentalised into activities. 

While these activities are seen by the system as atomic, in reality they are 

often more complex and fine-grained; routing is used for both distribution and 

authorization. Workers see all the work they are allowed to do, but cannot do 

any work that is not explicitly assigned to them. As a result, work must be 

assigned to a worker in order to grant them authorisation to do the work. 

Work is focussed on control flow and discrete activities, thereby understating 

context (information relating to the entire case) and leading to “context 

tunnelling” related errors and inefficiencies; routing is push-oriented, showing 

what should be done instead of what can be done, resulting in lack of 

flexibility. 

A fundamental difference between case handling and mechanistic BPM is 

that while the latter is focussed on routing and the specific activities being 

enacted, the former is centred on the case as a whole. At any time, context 

is exposed by providing to the worker all information available. To handle a 

case, workers execute activities, which are chunks of work that are not 

atomic nor rigidly defined – activities are typically separated at points where 

work can be transferred from one worker to another. Unlike mechanistic 

BPM, where activities are enabled according to control-flow related 

information, case handling uses available information (case data) to 

determine which activities should be enabled. A process emerges as a 

template for handling cases of a given type.  Examples of case handling 

systems include FLOWer (Athenas 2002), the Staffware Case Handler 

(Staffware 2000), and the COSA Activity Manager (Software-Ley 2002). 



An End-User Approach to Business Process Modelling 

86 

Constraint-based workflow models (Pesic 2008) can also be used to model 

ad-hoc processes. In this approach, the designer does not specify precisely 

how the process will function but rather define a collection of constraints 

the process must adhere to. Any process behaviour that does not violate 

these constraints is allowed. Consequently, constraint-based models are 

more flexible and allow many different execution paths. The declarative 

rather than procedural nature of constraint-based languages, with rules 

such as “A is eventually followed by B”, allow for the establishment of 

precedence relations between two activities without actually specifying when 

or even whether either of them will occur. Figure 3.18 shows a simple 

declarative model using the ConDec language (Pesic and van der Aalst 

2006). In the example given in the figure there are three activities, curse, 

pray, and bless, and a “relation” constraint, response. The constraint ensures 

that, if a person curses, afterwards they will eventually pray. The word 

eventually is used in the constraint to denote that an arbitrary number of 

activities could occur between the two activities. Also, as long as the 

constraint is satisfied, all three activities could occur an arbitrary number of 

times (0..*) and in any order. An “existence” constraint could state that, for 

instance, the bless activity is carried out one or more times. A “negation” 

template could ensure that two activities will not coexist, i.e., if one of them 

occurs then the other one will not occur. A model that does not contain any 

constraint, i.e. consisting only of tasks, will behave similarly to groupware – 

users will be allowed to execute any task in any order. 
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Figure 3.18: Activities and constraints 

Polyvyanyy et al. (2008) proposed a hypergraph-based approach for 

modelling flexible processes containing ad-hoc activities. The authors 

introduced flexible process graphs, which support adaptive participant 

behaviour, and enable the specification of task execution constraints in 

process models. 

More recently, Object Management Group introduced the Ad-Hoc SubProcess 

element Group as part of the BPMN 2.0 specification. As shown in Figure 

3.19 (Object Management Group 2013), the element is represented by 

adding the new Ad-hoc marker (a tilde symbol) to the Sub-Process marker. 

The figure shows an expanded ad-hoc sub-process for writing a book 

chapter. Any of the activities or sub-processes contained therein can be 

executed several times, in any order, or skipped.  
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Figure 3.19: A BPMN 2.0 Ad-Hoc Sub-Process for writing a book chapter 

As shown in Figure 3.20 (Object Management Group 2013), two types of 

constraints can be specified in an Ad-hoc Sub-Process. An association 

between a data object and a task (such as, in the figure, “Research Notes” 

and “Write Text”) dictates that the task cannot start without the data object 

as input. A sequence flow between two tasks (such as, in the figure, 

“Generate Graphics” and “Include Graphics in Text”) dictates that an 

occurrence of the first task must be followed by an occurrence of the 

second task, although the second task does not have to occur immediately 

after the first task.  



Theoretical Foundations  

 89 

 

Figure 3.20: An Ad-hoc Sub-Process with data and sequence dependencies 

3.6  Generative Process Modelling 

PAIS are vital tools for business process analysis. As they execute business 

processes, events are generated and recorded in logs. The area of business 

activity monitoring (BAM) within BPA uses this information to diagnose 

operational processes, and addresses process mining, by using log and 

transactional data to generate process models from historical information 

and legacy information systems (Agrawal et al. 1998), (Perez-Castillo et al. 

2011). 

Process mining refers to the extraction of process models from execution 

data (Weijters and van der Aalst 2001). The rationale is that activities 

depend on business needs and rely on the human understanding of what a 
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process should do. As a result, in practice they often differ from the 

modelled process. Delta analysis registers discrepancies found in the 

process as modelled in the design phase when compared to the actual 

enacted process as inspected in the analysis phase. Van der Aalst et al. 

(2003c) pointed out that event gathering should obey to a set of 

requirements to enable process mining. These are, each event should refer 

to a task; each event should belong to a particular case, and events must be 

ordered. If enough data is collected, patterns can be constructed by 

grouping the tasks for each case and relating them to the timestamps, 

revealing explicit and implicit business rules. The authors discovered that 

the presence of noise negatively affects the mining process. Noise occurs 

when parts of the log are incorrect, incomplete or result from exceptions. 

Logs can be incorrect due to human error while performing a task, 

incomplete if workers do not resort to the system to carry out part of the 

process, and refer to an exception if the logged events are rare or 

insignificant to the mined process. The solution presented by the same 

authors to deal with noise is to employ heuristic mining techniques, using a 

dependency/frequency table for registering the frequency of occurrence of 

each task, as well as each task’s relation to the occurrence of precedent and 

following tasks. Mining this data combined with a number of heuristics may 

be used to reconstruct processes.  

Other researchers address the problem of process mining (Agrawal et al. 

1998; Casati and Shan 2002; Hepp et al. 2005; de Medeiros et al. 2008), and 

use semantic techniques for analysing business processes. Casati and Shan 

(2002) pointed out a number of limitations with analysis tools in current 

PAIS, finding that they lacked performance, presented poor data quality, 

and did not capture the abstraction level necessary for business analysis. 
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While performance and data quality may be surpassed by adequate data 

warehousing and frequency analysis techniques, the last issue can be more 

challenging. Typically, the actual implementation of a conceptual process 

model is significantly more complex, dealing with database accesses, data 

transfers, validations and so forth. This makes it hard for business analysts, 

when presented with execution logs, to correctly relate all registered events 

and form a coherent narration of the modelled process, or even to 

interpret statistical data based on those actual events. The authors propose 

a system called PDW (it stands for HPPM Intelligent Process Data 

Warehouse) to tackle this issue, by applying semantics to warehoused 

process execution data. The system features user-definable taxonomies that 

enable rich querying and reporting, such as “how many shipments were 

delivered within zone B”, or “how many customer requests were severely 

delayed”. It also uses the concept of process regions, which refactor parts of 

the implemented process as subprocesses according to business logic in 

order to support conceptual analysis of process execution. It is however 

unclear how the tool deals with semantic annotation or how it integrates 

with existing PAIS. 

Alves de Medeiros and van der Aalst (2008) also recognise limitations in 

traditional mining techniques, which base their analysis on execution logs, 

remaining unaware to the underlying semantics. The authors classify these 

approaches in three perspectives: techniques centred on discovery use 

event logs for the mining process, as covered above and in (van der Aalst et 

al. 2003c); conformance techniques also use an input against which the 

execution behaviour is verified; extension techniques are a hybrid 

approach that uses event log analysis to enhance an input process model. 

These techniques provide business queries with more expressive power, 
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enabling conceptual analysis of execution data. They use domain 

ontologies to gather business properties and inner-relationships, and an 

ontology reasoner to process the facts found in the logs and to generate 

new information. 

Process mining can also be used as a technique for capturing process 

variation in ad-hoc processes and case-handling systems (Dustdar et al. 

2005; Van Dongen et al. 2005; Günther and van der Aalst 2006). This 

variability can be used to adapt and create new process models through 

various generation approaches (Batory and O'malley 1992; Knauber 1999; 

Czarnecki and Eisenecker 2000; Elrad et al. 2001; McCormack et al. 2004). 

Van der Aalst et al. (2005a) proposed an approach for mining process 

models from event logs through genetic algorithms. The authors use 

elitism, crossover, and mutation operations to evolve individuals, which 

correspond to possible process models. A fitness function reflects the 

similarity between the individual and the registered behaviour in the event 

log. The elitism operation copies a fraction of the fittest individuals to the 

next generation; crossover creates new individuals by combining 

characteristics of the fittest individuals in the current generation; mutation 

applies minor changes to an individual and copies it to the next generation. 

The algorithm stops when it finds an individual with perfect fitness, when a 

maximum number of generations is reached, or when the fittest individual 

has not changed for a specified number of generations. The approach was 

shown to be effective dealing with noise (exceptions and incorrectly logged 

events) and incompleteness, solving some of the problems in earlier 

algorithms. 
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Simidchieva et al. (2007) studied the characterisation of  process families for 

handling process variation. A process family is a metaprocess that 

encompasses a group of related processes through the composition of 

components regarding process steps and their coordination, participant 

behaviours, and the structure of process artefacts. The authors use the 

Little-JIL process definition language (Wise et al. 2011) to represent 

process families and subsequently generate variant process instances. 

Hallerback et al. (2008; 2010) introduced the Provop approach for 

managing process variants. While the approach supports the complete 

process lifecycle, we are particularly interested in the modelling phase. 

Provop represents all variants within a single process model by defining a 

basic process, and keeping sets of change operations that describe 

differences between the basic process and particular variant models. The 

base process can be designed by following one of several approaches 

(policies, in Provoc terms). These include defining a reference or original 

process, finding the most frequently used process variant, discovering a 

process corresponding to the minimal average distance to the variant 

models, and or intersecting the process variants. Change operations include 

adding or removing process elements, changing the execution order of 

activities, and changing attributes of process elements. These operations 

are grouped into options and are applied to the base process, resulting in 

process variant models. 

Hermosillo et al. (2010) proposed the CEVICHE framework for creating 

dynamic business processes that can adapt in runtime depending on 

context. The framework uses context information and complex event 

processing for mining relevant events, and an AOP-based approach for 
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addressing process adaptation. Specifically, the user uses an interface to 

specify the business process, the adaptation situations (complex event 

processing rules), the points in the process where adaptations are to be 

applied (pointcuts), and the variant behaviour code (advice), which adds or 

removes functionality at runtime. 

3.7  State of the Art in Sensible Process Modelling 

The rationale behind user-centric approaches to BPM is that process 

workers are the best source of information when designing a workflow. By 

eliminating, or at least decreasing the importance of the analysts’ role, it is 

possible to take advantage of implicit knowledge of workers that would 

otherwise be lost, and to avoid errors ensuing communication gaps and 

incorrect interpretations due to incomplete understanding of the work 

environment by the analyst. 

The first identified difficulty in modelling business processes is thus the 

communication gap that exists between the worker and the business 

analyst. Factors leading to loss of information include communication 

errors, incorrect interpretation by both parties, and as stated above, the 

existence of uncaught implicit knowledge. Even if an analyst could 

completely absorb a worker’s knowledge, it is important to note that a 

person’s view of any given process is always subjective and often incomplete. 

Each worker develops a personal interpretation based on his functional 

perspective, experience, and beliefs. Though an analyst can act as the 

integrator of worker’s perspectives, it is again difficult to reach a clear and 

precise understanding of the business process, as those views are often 

conflicting and lack the situated knowledge that emerges from daily 
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operations, particularly when dealing with processes in which exceptions 

are prone to occur. 

As introduced in section 3.3, sensible process modelling aims to combine 

rich modelling with predominantly human control. There are a number of 

challenges posed to this kind of approach, for instance when seeking to 

build work models that follow situated activities of work teams and 

individuals. One fundamental research challenge is how to devise a proper 

technique to effectively externalise implicit knowledge from workers. While 

in recent years research has been made in capturing knowledge from work 

teams using sensible techniques (Antunes and Guimaraes 1995; Migon and 

Junior 2007; Decker et al. 2007; Recker et al. 2010), little work has been 

done in directly supporting business process modelling through storytelling 

(Luz et al. 2008; Santoro et al. 2010). 

One standing issue is how to derive work models from user stories that are 

situated and episodic in nature. In addition, workers produce stories that 

are often fragmented, and reflect incomplete knowledge and personal 

views and beliefs. When dealing with conflicting stories, negotiation and 

group interaction techniques are needed to reach a common agreed flow 

of action. Finally, techniques are needed to transform user stories into 

structured information in the form of modelled processes that can be 

deployed in a BPMS. 

Acosta et al. (2004) developed a tool for externalizing tacit knowledge 

using group storytelling concepts. The users externalize their knowledge by 

discussing activities they use in a narrative way. The tool has a strong 

emphasis on hypertext, allowing a group of users to link pieces of text 

telling stories in a way that resembles the well-known mind mapping 
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approach. Nevertheless the approach revealed several problems. An 

important one is that it seems difficult to extend the approach to large 

groups. The authors have experimented with groups of three elements and 

speculate that beyond five elements the tool would be difficult to use. 

Another problem is dealing with a large hypertext structure and at the same 

time maintaining the coherence of the story being told. Compared with our 

approach, we note that conveying a collection of pictographic scenes may 

help keeping a holistic view of the story. Furthermore, our storytelling tool, 

which we present in Chapter 4, is designed to operate company-wide.  

Santoro et al. (2010) also adopted the group storytelling approach to 

knowledge externalization. The authors consider a sequence of three steps: 

gathering stories from employees, identifying facts, and linking those facts 

to formal process models. The first step is primarily done by end-users, 

while experts in BPM must do the other steps. This strategy addresses the 

problem of transforming stories into more formal business process models, 

although no experimental results are provided about the proposed 

solution. Focusing on the first stage, we observe it is again inspired by group 

storytelling, i.e. having a group explain tasks and roles using a small set of 

constructs like characters, events and documents. Stories are captured as a 

linear sequence of small pieces of text. Although the approach may yield 

higher levels of operationalization, it also makes it more difficult to express 

rich stories when compared to our approach. 

Another emergent research stream that has caught significant attention 

from the research community considers applying social software to business 

process modelling (Erol et al. 2010; Bruno et al. 2011; Silva and Rosemann 

2012). Systems like Wikipedia have been very successful in making large 
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communities effectively converge towards knowledge externalization. We 

find some philosophical aspects of social software quite compelling: the 

capacity to engage a very large community, the lack of technical complexity 

that makes social software inclusive, the lack of central planning and 

control and more fundamentally, the capacity to leverage the intelligence 

of the crowd (Erol et al. 2010) and reflective learning (Balzert et al. 2012). 

The adoption of semantic wikis affords developing collaborative and 

intuitive environments for business process modelling. Dengler et al. 

(2011) provide an interesting overview of seven different tools. As 

mentioned by the authors, “while all of the tools allow the users to express 

their process knowledge with natural language, only half of the tools 

provide an intuitive graphical interface for rendering and editing 

processes”. We emphasize again that our prototype tool addresses exactly 

this problem in an innovative way. 

Business process automation, integrating execution, analysis and 

reengineering activities, can arguably be considered the ultimate goal of 

business process modelling, contributing to deeper understanding and 

systematisation of the network of activities, prescribed or otherwise, that 

compose a business (Kock et al. 2009; Dumas et al. 2013). The utility of 

process modelling is not however limited to automation. A common goal 

for process modelling efforts is to increase knowledge and shared awareness 

within the organization (Bandara et al. 2005).  

Fleischmann et al. (2012) recognized that the transference of knowledge 

between stakeholders and expert modellers is often flawed, leading to losses 

of information and inconsistencies reflecting actual work procedures. The 

authors stress the importance of explicitly considering contextual 
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information when modelling processes, regarding the target organisation as 

“a system consisting of people and their communication relationships”. 

Their subject-oriented approach (S-BPM) puts stakeholders at the centre of 

attention. During S-BPM analysis, natural language and its structuring 

elements are used to identify activities and the intervening actors and 

business objects. Stakeholders actively participate in S-BPM analysis, along 

with expert modellers; and process modelling is carried out by describing 

the actors’ behaviour and communication using specific S-BPM language 

elements such as subjects, interactions, messages, and business objects. Our 

approach is consistent with the S-BPM perspective. It too is subject-oriented 

and regards process context as important to modelling. However, while S-

BPM is mainly centred on control flows (Fleischmann et al. 2013), we are 

mostly focussed on the more diverse information brought by process 

stories. Besides, we elicit process stories directly from end-users (the process 

stakeholders), without mediation from modelling experts, thus avoiding 

potential gaps in knowledge transference and translation to modelling 

languages. We argue that process modelling should ideally be left to the 

end-users, so they can describe business processes from diverse, 

complementary perspectives.  

Harman et al. (2015) presented a role-playing approach to process 

elicitation where stakeholders navigate a virtual world and perform process-

related tasks. The supporting tool monitors user actions and builds formal 

specifications in the S-BPM modelling language. The method aims to assist 

in memory recollection. Common to our approach, process information is 

gathered without support from expert modellers. However, while this role-

playing approach is centred on formally modelling process activities, our 

approach is focussed on capturing the context of such activities. By eliciting 
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context, we aim to gain a better understanding of business processes, 

especially beyond the “happy path” scenario.  

Nardella et al. (2014) adopted a storyboarding technique to create 3D 

visualisations of process models, with the goal of improving communication 

between expert modellers and stakeholders with no modelling experience. 

The authors developed a tool that accepts YAWL diagrams as inputs and 

derives process models based on which a number of representative shots or 

scenes are composed in a virtual world implementation. These scenes are 

then manually arranged in a YAWL diagram for presentation, replacing 

YAWL symbols. 

 In our approach, storyboarding is used not only to show process 

information to stakeholders, but also and most importantly, to help 

stakeholders in building the process stories themselves, and in sharing and 

discussing these stories to increase process knowledge and awareness.  

Mayer’s (1989) work on cognitive theory and learning demonstrated that 

models improve conceptual retention while deemphasizing verbal 

retention, and improve problem-solving transfer skills. The learning process 

is dependent not only on the contents being transmitted, but also on the 

way it is presented and the individual characteristics of the audience. Based 

on Mayer’s research, Recker and Dreiling (2007) investigated whether 

familiarity with a particular modelling language would play a role in model 

understanding, but found no significant differences in performance by 

modellers specializing in either EPC or BPMN when interpreting models 

expressed in each language. Figl and Recker (2014) found an overall 

tendency among business users of process models to prefer diagrammatic 

representations over text (both structured and free-form), and to prefer 
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iconic representations when task settings relate to understanding and 

communicating process models. Mendling et al. (2010a) suggested the 

usage of icons to complement textual labels representing activities, with the 

aim of easing model understanding. In our approach, we use graphical 

illustrations to represent business situations as part of process stories. 

However, we refer to business situation in a wider scope. It may describe 

one or more process activities, or portray contextual information about the 

process. We use these illustrations to complement textual descriptions (the 

narrative) with the purpose of improving model comprehension and user 

engagement in the story. 

 



 

 
 

Chapter 4  

Iteration 1: Sensible Business 

Process Modelling 

This chapter presents the first major design iteration of this research, from 

which two artefacts have emerged: a sensible business process model built 

on the principles outlined in our research hypothesis, and a modelling tool 

that implements the proposed process model. We conclude this chapter 

with the evaluation of these artefacts, which was conducted through field 

testing. 
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4.1  Preliminary considerations 

We assume that mechanistic process modelling already captures a 

significant portion of explicit knowledge (Silva and Rosemann 2012). 

Indeed that explains why in section 3.3 we rated them high in the 

formalization and detail criteria. By contrast, one fundamental challenge 

for sensible process modelling regards capturing tacit knowledge. This can 

be done with a process known as externalization (Perret et al. 2004). 

Typical externalization methods involve direct elicitation from employees, 

for instance, using debriefing meetings and meetings where the 

participants develop group stories (Borges and Pino 1999).  

Tacit knowledge is typically distributed among several employees. That is 

why the best approaches to eliciting tacit knowledge are collaborative: 

employees from several structures within the organisation may share their 

own views of a business so that a collective construction may express the 

whole contextual richness. Of course this may expose quite different and 

even conflicting views about the organisation. However, unlike in the 

mechanistic approach, we can assume that capturing inconsistencies and 

conflicts may actually enrich business process modelling.  

We also consider that knowledge externalization follows several principles 

associated with what communication theorists designate by storytelling 

(Decortis and Rizzo 2002). These principles capture universal, often 

unconscious, structures beyond stories: they have a beginning and an end, 

they set the scene for events, they trigger visual memories of past events, 

and they build awareness about the events and associated context (Antunes 
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et al. 2007). Sensible process modelling should incorporate these 

storytelling elements.  

As discussed earlier, one standing issue is how to derive business process 

models from user stories that are situated, episodic, and often fragmented. 

When dealing with conflicting stories, information sharing, 

communication, collaboration, and negotiation contribute to clarify what is 

the most common work process and what are the most relevant exceptions 

and variations.  

We finally note that a humanistic perspective over business process 

modelling must necessarily emphasize visualisation (Rinderle et al. 2006). 

Visualisation is a powerful mechanism, which concerns the way people view, 

interact with and reflect over information (Goel 1995). The visualisation of 

interrelated elements like actions, actors, conditions and information flows 

helps developing analytic skills and is fundamental to decision making. 

Other elements like visual signs may contribute to elucidate the details, 

contextual conditions and relationships among several business processes. 

And finally, visualisation also contributes to developing a strategic view of 

complex data collections, which humans could find difficult to perceive in 

any other way. The problem however, is that some of what goes into the 

visualisation may not go into the representation of business processes and 

vice versa. Rosemann (2006) identifies some of the potential pitfalls that 

may be found, such as the “lack of details”, “lost in translation” and “lost in 

a drawing tool” problems. The gap between visualisation and 

representation may be one of the main explanations why BPM mechanistic 

and humanistic factors have not yet been fully integrated.  
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4.2  Requirements 

Eliciting information for building humanistic process models requires a 

heavy focus on the end-user, capturing practical and often tacit knowledge 

on day-to-day operations, and minimising the gaps between the model and 

the actual process. In order to achieve this, the proposed solution gives 

process operators – the end-users of process models – the role of process 

modellers. The first requirement for such a system is thus to be designed 

for being directly operated by business users. The implications are twofold: 

First, the system must be intuitive and easy to use. Specifically, the design 

elements and modelling rules must be understood and manipulated by 

users with no IT background or expertise in modelling. On the other hand, 

the system must be able to retain the semantics necessary for generating 

machine-readable specifications such as BPMN from the user-designed 

processes. 

Another requirement for the proposed system is to be able to support 

collaboration. A business process is frequently the product of the 

collaborative efforts of a team. The system must be prepared to accept 

contributions from each user and provide tools that enable teams to analyse 

each story and gain an inclusive understanding of the process from all 

perspectives. Information sharing and negotiation are essential to reaching 

this common goal. 

The system is additionally required to support storytelling. In Design 

Science research, artefacts should be supported in the knowledge base, and 

organisational storytelling is an essential kernel theory in the context of this 
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work, as addressed in section 3.2.3. As such, the system must enable users to 

tell stories based on their work activities, providing ways for: 

- Signalling the beginning and the end of the story; 

- Identifying work artefacts; 

- Representing people and their organisational roles; 

- Describing actions; 

- Representing the flow of time; 

- Structuring the story through action sequencing. 

Related to the storytelling approach, design storyboards have been 

suggested as a possible approach to business process modelling (Breitling 

et al. 2006). Design storyboards use sketches, cartoons, and other familiar 

visual elements, in combination with text, to represent interaction 

(Goodwin 2011). This technique has been originally developed to visualise 

system requirements during user-centred design workshops (Williams and 

Alspaugh 2008). Our tool supports the development of design storyboards 

using predefined scenes instead of the hand-drawn cartoons typically seen 

in design storyboards. Thus our tool can be situated in this research stream, 

contributing to validate the design storyboard approach. 

Regarding the issue of information representation in process models, we 

refer to a recent study by Recker (2010), where 89 Information Systems 

students were invited to model a process scenario using only a blank sheet 

of paper. Five distinct types of design were derived from the resulting 

artefacts: 
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− Textual designs are solely based on written descriptions of the 

sequence of steps undertaken to complete the process; 

− Flowchart designs use textual information embedded in graphical 

shapes that define the sequential flow of action; 

− Hybrid designs also resort to graphical shapes and textual 

information, but complement the latter with symbols that lead to an 

immediate semantic interpretation, such as icons or drawings 

representing vehicles, people, and so forth; 

− Storyboard designs go a step further and focus on concrete drawing 

and icons that outline the sequence of steps. These are 

complemented by brief textual elements that are mostly used for 

clarification and disambiguation, but can also denote actions; 

− Canvas designs are free of any meaningful use of textual information 

and represent the process through a graphical scene resembling a 

painting or photograph. As these tend to produce snapshot-like 

representations of the process as a whole, the flow of action is not 

easily captured by this type of design. 

The authors used the results from a preliminary study involving the same 

group of students to create a measure of the graphical skills of each 

participant. They then conducted univariate and multivariate statistical 

analyses balanced by the participants’ graphical skills and previous domain 

knowledge. The multivariate analysis used six semantic correctness 

measures evaluating the representation of state, tasks, events, business rules, 

time, and distance. Results suggested that the use of graphical shapes 
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combined with textual elements lead to superior design representations. 

These findings are consistent with previous research on cognitive sciences, 

process modelling, and user interface design (Suwa et al. 1998; Ferreira et 

al. 2006; Edelman et al. 2009; Mendling et al. 2010b), and are used in this 

research for framing the best approach for capturing and exhibiting the 

story of a business process. 

4.3  Proposed Model 

4.3.1 Scenes 

The proposed modelling approach is organised around scenes. The 

concept is inspired by previous research on group storytelling (Carminatti 

et al. 2005), which used stories as a natural mechanism to collectively recall 

organisational knowledge. A scene is at the same time a unit of knowledge 

(Carminatti et al. 2005) and a fragment of a story (Appan et al. 2004). As a 

unit of knowledge, the scene defines a particular work context, which may 

involve a set of actors and events occurring in a particular time and space. 

As a fragment of a story, a scene contributes with elements that provide 

narrative structure, for instance explaining how the story enfolds.  

We avoid making a scene a highly formal piece of information. As we often 

see in good storytelling, the information conveyed by a scene is a 

combination of communicated meaning and imagination from the reader 

(Decortis and Rizzo 2002). Therefore a scene may have much more 

semantic information than what we strictly consider in this model. 

Let us define in more detail the main attributes of scenes: a specific setting 

links a scene to the particular setting where it occurs (e.g. an office or 
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department); actors are persons participating in the scene that play a 

certain organisational role; artefacts are physical or virtual objects handled 

by actors (e.g. tools and documents); narrative is a textual description of 

the scene, including actions executed by actors and events occurring during 

the scene.  

4.3.2 Stories 

For practical purposes, we define story as a sequence of scenes. This 

minimal structure basically serves to help the writer putting a narrative 

together. We define process as the sequence of scenes within a story that 

contains events and/or actions. This sequence provides temporal 

relationships necessary to elucidate how a process unfolds along time. Note 

that we intentionally avoid a strict relationship between process and story, 

i.e. a story may have much more than the process. For instance, it may 

include the actors’ biographical information, contextualized descriptions, 

cautionary tales, etc. This diversity is indeed suggested by the notion of 

contextual richness previously discussed.  

Let us now characterize the story and process elements in more detail. A 

story has the following attributes: beginning, is the scene that starts a story; 

sequence, gives an explicit order to the scenes belonging to the story; and 

ending, is the scene that closes a story. A process has the following 

attributes: description outlines the work accomplished by the process (e.g. 

processing a sale); primary trigger is the event that usually triggers the 

process; alternative triggers refer to other events that may also trigger the 

process.  
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Compared with typical business process modelling approaches, we observe 

that having processes within stories gives more narrative freedom to 

modellers. Just to illustrate the point, we note that modellers may start by 

setting the scene, presenting the main actors. Then they may mix scenes 

focused on actions with scenes dedicated to describing problems, contexts 

and decisions. And finally, they can also highlight some problems that may 

occur after completing the process. These non-task-oriented scenes do not 

usually appear in traditional business process models. Furthermore, we 

note that scenes also introduce another element of flexibility to the process 

description, since we do not define temporal relationships to the actions 

specified in a scene.  

4.3.3 Visual structure 

The visual structure increases the contextual richness of the model and 

helps deal with the ambiguity introduced by our definition of story, process 

and scene. Firstly, we define several attributes that help describe the visual 

contents of a scene: primary picture is a picture illustrating how actors and 

artefacts are related in some particular context (e.g. a meeting); alternative 

pictures convey the same basic meaning of the primary picture and may be 

used to avoid dullness; number of actors and number of artefacts specify 

the number of distinctive elements in a picture that may be associated with 

specific actors and artefacts, respectively; location of actors and location of 

artefacts specify the coordinates of visual elements in a frame. This type of 

information is necessary to create placeholders on top of pictures for other 

contextual data (described below).  

Secondly, we define several attributes that serve to attach contextual data to 

a scene: dialogue lines are visual elements that associate conversation with 
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actors shown in a picture in a way that is similar to bubbles seen in comic 

strips; annotations are visual elements that serve to place explanations in a 

picture, for instance, they can be used to name actors and artefacts, or to 

describe what actors are doing; positions of dialogue lines and positions of 

annotations indicate the relative positions between these visual elements 

and actors and artefacts, which help interpret what is shown by a scene.  

Finally, we define generic scene as a scene that is stripped from any story-

specific information. Generic scenes and their corresponding visual 

structures define a meta-modelling layer for process stories, in which scenes 

(the modelling layer) are based on. There are two main attributes related 

to the visual characterization of a generic scene: generic setting describes 

the scene in a way that is independent from the modelled organisation and 

task goals (e.g. “actor handing over an artefact”); generic location describes 

the scene’s location in a way that is independent from the modelled 

organisation (e.g. meeting room). As discussed later, these two attributes 

are mostly useful for searching scenes when creating a story.  

In Figure 4.1 we summarize the main elements of the proposed model. For 

clarity, we show only elements that are essential to our storytelling 

approach, and abstract others such as organisational entities. When 

compared with other approaches, e.g. the meta-model used by BPMN, we 

observe the model offers fewer technical mechanisms (e.g. split/join) to 

privilege the composition of text and pictures. Furthermore, the 

relationships between visual elements shown by pictures (actors and 

artefacts) and elements placed atop pictures (annotations and dialogue 

lines) should be implicitly perceived and interpreted by readers. Thus the 

model does not enforce a strict formalization of business processes. No 
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claim is made concerning completeness or unambiguity. However, the 

combination of pictures and text helps describing processes in very flexible 

ways, for instance using annotations such as “alternatively”, “every three 

months” or even “to be completed”.  

We finally emphasize that the model assumes that business processes can be 

composed from generic scenes describing common business situations. It is 

assumed that modellers are responsible for composing scenes into a 

meaningful story, grounding scenes in reality through dialogue lines and 

annotations. For instance, a scene describing a face-to-face meeting can be 

contextualized with the participants’ names, meeting location and specific 

documents under discussion. We also stress that the model does not 

consider drawing scenes. It only concerns composition and configuration. 

Of course a library of generic scenes should conveniently be made available 

before modelling is started. This library should provide a range of scenes 

covering decision-making events (decision meetings, informal decisions, 

expert consultations, etc.), communication events (phone talks, face-to-face 

meetings), coordination events (forwarding documents, applying rules), 

individual activities (completing forms, signing documents), and 

automated tasks (gathering data from databases, information processing). 

We discuss this issue in the next section. 
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Figure 4.1: Main elements of the proposed sensible business process model 

4.4  Modelling Tool 

In this section we describe the first major iteration of the modelling tool. 

Prior versions of the tool were developed through early prototyping efforts, 

but are not shown here for brevity. The reader is referred to Appendix A 

for a brief summary of the modelling tool’s evolution. The installation 

guide is presented in Appendix B. The tool is available online at 

http://bpmerlin.esce.ips.pt1 

 
 

1 Accessible with usernames “david-ips” or “david-fcul”, password “123456/”. 
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4.4.1 Technical summary 

The modelling tool was implemented with Web technology, which enabled 

rapid deployment for field-testing and provided a well-known client-server 

architecture supporting simultaneous access for local and remote users. We 

used the Microsoft ASP.NET 4.0 framework, with Linq and Microsoft Entity 

Framework over an SQL Server database to manage data persistency. 

We used jQuery for client side scripting and synchronization, and the GDI+ 

API to draw text and graphical elements over JPEG pictures, which provide 

the visual structure to the scenes. We also used AJAX to animate UI 

elements. The adopted programming language was C#. 

The system was designed around three inter-related functional layers, as 

illustrated in Figure 4.2.  

 

Figure 4.2: The modelling tool’s three functional layers 

The business process model handles the logical representation of business 

stories. It is responsible for representing and persisting story data in a 

coherent data model following the sensible business process model 

described in section 4.3. This includes all data pertaining to processes, 

stories, associated contextualized scenes, and organisations. 
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The  meta-model provides template entities that shape the elements that 

constitute the business process model. These elements integrate the scene 

library and include the generic scene, generic location, generic situation 

(business setting), and generic business artefacts. A scene is associated with 

a particular scene template, inheriting all of its attributes. 

The visualisation layer materializes the scenes in the form of pictures that 

are laid out sequentially, evoking the visual aspect of graphic novels and 

comic strips. Both scenes (model) and generic scenes (meta-model) have 

picture representations. Pictures representing generic scenes provide 

generalized depictions of actors, dialogue, locations, situations, and 

business artefacts. Additional visualisation data hold the user-editable 

default location in the picture for dialogue (text and line guides) and 

annotations (captions). Pictures representing process-specific (concrete) 

scenes are contextualized versions of the generic pictures, with custom 

dialogue according to the specific situation being depicted. The actual 

location of textual elements can differ from the default settings and are 

therefore held together with the remaining visualisation data. The 

storyteller can manipulate these graphical elements by adding textual 

annotations and altering their layout within the picture representing the 

scene. 

4.4.2 Storytelling methodology for process modelling using the 
modelling tool 

We developed the modelling tool to implement and validate the humanistic 

business process model described in the previous section. Story 

composition with the tool involves the following procedures:  
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1. Name the story that describes the business process;  

2. Select a scene from the scene library marking the beginning of the 

story; 

3. Characterize the scene, providing it with specific information about 

the story and context; 

4. Add the scene to the story sequence; 

5. Iterate steps 2 to 4 by selecting additional scenes from the scene 

library and adding them to the story;  

In accordance with our user-centric approach, the above procedures are 

designed so as to enable autonomous enactment by the storyteller. The 

modelling tool provides separate maintenance functionality to support 

story composition and simplify the modelling task. This includes setting up 

the organisation and editing the scene library. This preliminary work is 

typically done only once per process or new organisation setting.   

In the following subsections, we outline both the maintenance and 

modelling activities, namely: organisation management, scene library 

configuration, and story composition. In the last subsection we present 

some remarks about the tool’s support for collaboration. 

4.4.2.1 Characterizing the organisation 

Since stories associate generic elements in scenes with specific 

organisational actors and artefacts, the modelling tool provides separate 

management of these organisational entities. Typically while preparing the 

tool for modelling, a configuration manager specifies the organisation’s 
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structure in the appropriate interface. The tool supports multiple 

organisational configurations such as networked, decentralized and the 

more common hierarchical organisation using departments and groups, all 

the way down to the level where individual roles may be specified.  Specific 

artefacts used by target organisations at these various levels may also be 

named (e.g. office request forms). Figure 4.3 illustrates the configuration of 

organisation structures in the tool. 

 

Figure 4.3: Managing organisational structures 
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Several types of organisational structures may be specified including, 

functional, product, market, and geographical structures. Dependency 

relationships may be established between different organisational nodes to 

define vertical, horizontal and mixed hierarchies. When configuring the 

tool for a particular organisation, employees are given user accounts that 

are mapped to their specific roles in the organisational structure. It is also 

possible to customize the types of artefacts that will be available for 

modelling, including specific documents types, software tools, etc.  

Another relevant functionality pertaining to user management is the 

automatic assignment of end-users to processes being modelled. The tool 

manages a list of processes under development whose actors are mapped to 

organisational roles. This information is used to automatically associate 

processes with end-users. When a user logs on to the tool, only stories from 

relevant processes are displayed and can be edited (see Figure 4.4). This 

functionality assumes that the modelling activity is done company-wide, i.e. 

all configured users belonging to the organisation and related to a process 

are entitled to participate in the process modelling task. 
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Figure 4.4: List of processes relevant for a particular user 

4.4.2.2 Building the scene library  

The scene library is at the core of story composition, since most of the 

modelling work consists exactly of selecting scenes from the library and 

composing them into a story. Two distinct features have been implemented 

regarding the scene library. The first is the mechanism that allows 

populating the library with new scenes (see Figure 4.5). This involves 

uploading a picture and specifying its visual structure, which includes 

identifying the number of actors and artefacts represented in the picture 

and indicating where they are located within the frame. The location 

information enables the tool to automatically define placeholders for 

dialogue lines and annotations. When presenting a scene to end-users, the 

modelling tool uses this information to determine where to place dialogue 
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lines and annotations. It also draws guiding lines between dialogue lines 

and annotations and the picture elements, which helps visualise the scene.  

 

Figure 4.5: Adding a scene to the library 

We note that enriching the library with new scenes does not require having 

an expert, but is a preliminary task typically assigned to a project manager 

or support staff, to avoid burdening the end-users.  

Figure 4.6 illustrates the tool’s interface for managing the scene library. As 

shown in the figure there are UI controls for creating, editing and deleting 

generic locations, situations, objects, and document types. Once defined, 

this meta-metadata is used to characterize the generic scenes (on the right 

in the figure, labelled “Comics” in this version of the tool). Deleting entities 

is not permitted by default; a dedicated UI element is used to unlock the 

functionality, protecting the library from accidental loss of information. 



An End-User Approach to Business Process Modelling 

120 

The collection of scenes that form the scene library has been developed in 

collaboration with the University of Chile in the person of Professor José A. 

Pino.  



Iteration 1: Sensible Business Process Modelling  

 121 

 

Figure 4.6: Managing the scene library 
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4.4.2.3 Composing scenes and the story 

Once the library is populated, the tool is ready for end-users to begin 

modelling, by picking scenes from the library and adapting them to use in 

their stories. In order to speed up scene selection, users can narrow down 

search results by filtering the library with metadata information pertaining 

to location, situation, and objects present in the scene. As shown in Figure 

4.7 (top right), the tool displays picture thumbnails to help browse the 

search results. When a scene is selected, it is placed on the composition 

canvas on the left, ready to be configured. Scene composition involves the 

following activities:  

1. Mapping generic actors shown in a picture to concrete roles in the 

organisation; 

2. Adding dialogue lines to actors;  

3. Adding annotations to a scene;  

4. Associating specific documents or other artefacts to a scene; 

5. Customizing the positioning of dialogue within the frame. 

Once a scene is selected and placed in the canvas, the modelling tool allows 

end-users to edit it using point-and-click functions. As shown in the figure, 

they can add dialogue lines, which are automatically placed in an 

appropriate position in the picture. Nevertheless, users can move the 

dialogue lines to different places using the pointer. Actor-specific 

dropdown menus couple organisation roles with each actor in the scene. 

Roles are chosen from the associated organisational structure via a pop-up 

panel (see Figure 4.8). The roles appearing in the displayed structure are 
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defined in the configuration management phase, as covered in the last 

subsection. Nonetheless, new roles can also be defined on the fly during 

modelling, per needed.  

 

Figure 4.7: Selecting scenes from the library and configuring dialogue lines 

 

Figure 4.8: Assigning specific roles to actors appearing in scenes 
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Once a scene is fully composed, it is saved by the tool and placed in the 

story canvas, which displays the sequence of scenes. The scenes in the 

canvas can be rearranged, edited and deleted. Figure 4.9 shows the story 

canvas for a process describing how a student enrols in an exam. This 

particular example highlights that the process model can be much more 

than just a sequence of well-defined steps since many side notes and even 

humorous remarks may be added to the specification. Moreover, remarks 

and explanations about exceptional flows may be defined in a natural and 

integrated way, enriching the story by conferring tension and revealing 

scenarios that are less prone to be elicited by more traditional means.  

All in all, we note that with this approach business process modelling is a 

more creative activity than a data intensive task. End-users are not required 

to comply with too many constraints and can use scenes, dialogue lines and 

annotations in many different ways. In particular, we note that typical 

fork/join constructs, instead of being explicitly modelled have been 

substituted with more informal constructs, using a combination of visual 

elements and text, elucidating how processes flow within stories. 
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Figure 4.9: Story composition canvas showing scenes composed by end-users 
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4.4.2.4 Collaboration support 

The modelling tool supports collaborative modelling, though with some 

limitations. The server supports several client connections (Web browsers). 

This way several end-users can access the same story, view what is going on 

and participate in the story composition. However, scene composition is not 

shared and more sophisticated collaboration features are not supported, 

e.g. collaboration awareness and voice/text communication. The main 

reason is that the tool was designed to support company-wide contributions 

from employees, not small teams working on the same scene. Early 

prototypes of the tool did offer direct mechanisms for synchronous 

collaboration between users in the modelling activity (see Appendix A). 

However, preliminary testing revealed that users did not seek out these 

mechanisms, and preferred to model their stories either autonomously, or 

resorting to their own established collaboration schemes. Direct support for 

synchronous collaboration was hence removed from the tool in subsequent 

iterations. End-users wishing to focus on the same business process should 

thus resort to external tools to handle awareness and coordination. 

4.5  Evaluation 

The modelling tool’s scene library was initially populated with a small set of 

frames taken from business-oriented comics available on the Internet 

(Drew). This library served mainly to prototype the tool in earlier 

development stages. Several empirical tests with end-users were conducted 

to evaluate the interaction support and resulted in numerous 

improvements to the user-interface. In particular, we improved the method 

used to insert dialogue lines and comments in scenes after realizing that the 
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relationships with the actors appearing in pictures could be equivocal. The 

lines shown in Figure 4.7 connecting the dialogue lines to the actors 

resulted from these empirical tests. The tests also served to validate the 

technological infrastructure, especially regarding the visual configuration 

of individual scenes and the composition of scenes on a canvas. We can 

report that scene composition can be done using standard Web technology 

and browsers. We consider this important for the promotion of enterprise 

acceptance of our approach.  

Our initial tests also revealed the importance of having a library with a 

significant collection of scenes. The integration of new scenes, although 

possible during a modelling task, should be regarded as a workaround, 

since having to constantly add new scenes to the library may disrupt the 

end-users’ main goal, which is to model a business process. We also found it 

difficult to come across good pictures for new scenes whilst avoiding the 

library becoming a patchwork. Thus the best approach seems to consist in 

trying to build up a coherent library of representative scenes. The problem 

then is how large this library may become. 

In order to get a better understanding of this problem and to make a 

formative evaluation of the research artefacts, we decided to apply our 

approach to a real-world organisation and from that case we developed a 

representative collection of scenes. The selected organisation was a tertiary 

educational institution seeking to extend its existing information system 

with a more process-oriented structure, which would allow reengineering 

several functions related to the management of staff, students and courses. 

However, they had not yet developed a clear process-oriented perspective, 

and neither had they specified any business processes. Therefore we 
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approached this organisation with two goals in mind: 1) helping the 

organisation identify and characterize existing business processes, and 2) at 

the same time learning how to model business processes using the tool. 

This work was done with the participation of 27 members from the 

organisation. The work was organised in the following steps:  

1. Help the organisation identify and reach a context-free 

characterization of their main activities, not yet considering how they 

could be systematized in business processes;  

2. Characterize the generic scenes associated with each activity;  

3. Populate the library with a representative collection of generic 

scenes; 

4. Help the organisation tell the stories behind their main activities 

using the tool;  

5. Invite organisation members to tell organisational stories using our 

modelling tool;  

6. Use this storytelling process to get feedback about the tool and scene 

library.  

Steps 1 and 2 described above took about four weeks to accomplish. By the 

end of step 2 we elicited the following information:  

1. 104 main activities performed by the target organisation;  

2. 61 different documents either manipulated or produced by the 104 

activities;  



Iteration 1: Sensible Business Process Modelling  

 129 

3. Physical artefacts identified as relevant to some activity;  

4. Different work settings identified as necessary for characterizing all 

104 activities (working, formal meeting, informal meeting, 

send/receive, communicate, approve, sign document);  

5. 48 different organisational units involved in activities and spanning 

three different levels;  

6. 24 individual roles, most of them identifying department and team 

leaders;  

7. Besides these 24 individual roles, 9 work groups were also identified 

as relevant to some activity.  

So this organisation has 81 different entities, contemplating units, groups 

and roles, distributed on three levels. They accomplish 104 distinct 

activities, which involve 69 different artefacts, 61 of them being documents. 

During step 2 we observed that, of the 104 activities, many were small 

variations of the same type of work. Therefore we considered that a smaller 

set of pictures could actually be used to cover the whole business. A set of 

35 distinct visual scenes was then considered sufficient to cover all activities.  

A young artist was then engaged in our project with the purpose of 

conceiving sketches for the 35 visual scenes. The main reason behind 

selecting a young artist was that we were seeking to obtain naïve pictures, 

which could evoke the depicted activities but without much attachment to 

the specific organisation that we have studied. Simple descriptions 

accompanied by rough picture drafts of the scenes were provided to the 
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artist.  Table 4.1 illustrates the information delivered to the artist. A 

comprehensive summary of the collected data is found in Appendix A. 

Table 4.1: Example of scene description. Additional descriptions for the 104 

activities are shown in Appendix C 

Activity 17 – Bilateral work with 
document and computer 

 

Location Office # Actors 2 

Situation Working # Objects 2 
Objects Document, Computer 

Notes  

 

 A small sample of the pictures made by the artist is shown in Figure 4.10. 

Versions were made in colour and black & white. 

 

 

Figure 4.10: Some of the developed pictures 

In order to enrich the scene library, we used graphical software tools to 

create variations of the 35 distinct visual scenes that we have received from 

the artist, and obtain picture representations for the 104 scenes that we 

have initially identified. For instance, the same original picture used to 

represent working at a desk in an office was used to derive the variations for 
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working with a computer, a document, cash, and combinations therein. 

While, as covered above, we did not consider these variations necessary to 

successfully represent all activities, we included them to provide more 

ample choice when selecting scenes whilst composing stories, thus reducing 

dullness in the final compositions. 

The final set of pictures was then inserted in the tool’s library, accompanied 

by the corresponding metadata. Several persons belonging to the target 

organisation where then engaged in process modelling with the tool. At the 

end of the experiment, 27 persons had used the tool, including 24 students, 

one lecturer, one department leader, and one unit coordinator. The 

students were engaged in collaborative modelling sessions (divided into two 

groups of 13 and 11 participants). One group modelled a process that set 

the dates for mid-term tests, while the other group modelled the process 

that handled complaints over assessment grades. The other three 

participants were engaged in individual modelling sessions. These 

participants were committed to model more complex processes related to 

enrolling in exams and organizing the school’s exchange program for 

foreign students. These processes were selected by the target organisation 

because they were considered particularly troublesome.  

Before starting the modelling task, participants were briefly instructed on 

how to use the modelling tool. Handouts describing the tool usage were 

also distributed to participants. Considering the different levels of 

complexity of the assigned tasks, a time limit for modelling sessions was not 

established. Figure 4.11 shows the output produced by one of these 

sessions, involving a unit coordinator modelling the school’s exchange 

program for foreign students.  
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All participants were observed during the modelling sessions. Field notes 

were taken reporting on notable events that occurred during sessions. This 

information was then complemented with notes taken from debriefing 

meetings held with the participants. In the next subsections, we report the 

obtained results in two main categories, the first reporting issues that were 

identified regarding the modelling activity, and the second focusing on a 

more reflective analysis of the proposed approach. 
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Figure 4.11: Output of an individual modelling session 
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4.5.1 Results 

In order to evaluate the modelling tool and the underlying modelling 

approach, we obtained field data from the tool’s outputs and logs. We also 

observed participants during the modelling sessions, and conducted 

informal debriefing interviews with each group of participants. The 

following usage issues were encountered: 

1. One participant complained that several times he could not find an 

adequate scene in the library;  

2. One participant was unable to understand the details of scene 

composition. This was manifested by an indifferent use of dialogue 

lines and annotations, as well as an inadequate positioning of 

dialogue lines/annotations in pictures;  

3. Another participant could not find an adequate way to associate 

himself with an actor shown in scenes. This was revealed by equivocal 

references to himself and others in dialogue lines;  

4. One participant could not associate roles to actors shown in scenes 

(during the debriefing this was considered a usability problem 

caused by the tool’s role mapping interface);  

5. Several participants had difficulties visualizing stories because of 

computer screens’ low resolution and also because the browser 

would not let them scroll the page horizontally (they used an old 

version of Internet Explorer);  
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6. Several participants complained that the tool did not provide 

adequate feedback when a search in the scenes library produced an 

empty list;  

7. One participant reported that often, when searching the library, the 

output included repeated pictures. This problem was caused by the 

use of picture thumbnails in search results, which made it difficult to 

distinguish small details such as the placement of different objects in 

otherwise similar scenes.  

4.5.2 Discussion 

Based on the obtained results, we found that: 

1. Although the participants could finish the assigned tasks, the 

obtained results showed significant variations in the level of detail. In 

particular, we noted that some descriptions were not connected to 

reality (too abstract) and missed contextual richness. Further 

research is necessary to understand the contributing causes for this 

lack of contextual richness;  

2. Scene composition required too many user interactions both to 

search the library and to configure scenes, which made it difficult for 

users to incorporate details into stories. Problems such as these 

(related to tool usage) may significantly have contributed to the lack 

of contextual richness in stories. For instance, a unit coordinator 

took upwards of one hour to describe the school’s exchange 

program using the tool, which resulted in a story with just eight 

scenes;  
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3. One of the participants explicitly voiced that the modelling task was 

“mechanically slow”, requiring too many steps to design a scene. 

Difficulties in designing scenes may result from the combination of 

drawing elements with data input from forms. Further research is 

necessary to optimize scene composition, for instance making 

organisational roles and artefacts more readily available;  

4. When composing stories, participants often had to switch back and 

forth between story composition and scene composition, trying to 

reconcile different levels of detail. Being able to edit scenes during 

story composition would contribute to reducing this problem, 

although the problem may persist when users develop very long 

stories;  

5. Several participants revealed preoccupation with the correctness of 

their stories, i.e. how far they might diverge from the processes 

formalized by the organisation. This would suggest investigating how 

to develop organisational culture regarding end-user process 

modelling;  

6. The participants were not always able to portray situations as they 

wanted. Some of them tried to depict precise working contexts (e.g., 

a casual meeting taking place in a formal work area), while the scene 

library only offered a limited set of stereotypes (e.g., casual meetings 

taking place in open spaces and formal meetings taking place in 

meeting rooms). However, the problem seems more related to 

learning how to exploit the tool and finding the most adequate level 

of abstraction than with stuffing the library with more scenes. 
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Overall, our results indicated that, although the main principles adopted by 

the modelling tool were easy to understand, some training and 

organisational learning were necessary to master the modelling task. We 

note in particular that users had to learn how to define the most 

appropriate level of abstraction, combine different opinions, exercise 

creative confrontation, and address their lack of knowledge about some 

parts of the process. It was also apparent that organisations must give more 

confidence to users, so they feel free to express their own views about the 

processes and to enrich process descriptions with more contextual 

information. Furthermore, we recognized that we needed to improve the 

tool’s ease of use. We also noted that the modelling tool was not well suited 

for describing business processes involving multiple scenarios. Even though 

structuring elements could be referred throughout the narrative using the 

current model and tool, support for explicit control mechanisms could 

help the storyteller depict more intricate business rules and situations. 





 

 
 

 

 

Chapter 5  

Iteration 2: Improved Modelling 

This chapter describes the second major design iteration. Based on the 

results from the evaluation of the first design iteration, we report the main 

improvements that were applied to model and modelling tool. 

5.1  Preliminary Remarks  

The results from the first validation round revealed two important areas 

where further research was deemed necessary. The second design iteration 

was hence driven by two clear objectives: 

1. Improve the tool by reducing the number of interactions for 

creating a scene, and devising ways to better support the authoring 
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of longer stories in regards to scene composition and story 

structuring. 

2. Introduce alterations to the model and tool in order to provide 

explicit support to workflow patterns that enable the modelling of 

new business processes containing multiple alternative scenarios. 

In the next section we describe the changes done on the model and tool in 

order to achieve the objectives outlined above. In section 5.4 we evaluate 

the second design iteration. Specifically, we describe a case study where we 

investigated the effectiveness of the revised research artefacts, assessing 

whether 1) end-users are able to autonomously model meaningful business 

processes using the proposed tool, and 2) the proposed model and tool 

lead to better process models.  

5.2  Alterations to the Proposed Model 

In section 4.3.1 we introduced the notion of a scene as a unit of knowledge 

that constitutes a fragment of a story. By assembling a meaningful sequence 

of scenes the user composes a story that describes a business process. A 

scene will either be entirely descriptive, or correspond to one or more 

activities within the process. Examples of entirely descriptive scenes include 

describing the context, portraying direct dialogue between actors, or 

explaining the reasoning behind a decision.  Examples of scenes depicting 

activities include making a decision, sending an email, or waiting for some 

event. 

Scenes in a process story, much like in a movie, are sequential, even if 

storylines many times are not. This means that in such circumstances users 
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must resort to narrative techniques to structure their stories. While it is 

certainly possible to describe any process using this method, it can 

sometimes be impractical if the story structure becomes too complex, 

especially when the purpose of the modelling activity is to develop a new 

business process. In these instances, the primary focus is not to depict 

concrete situations with sequential storylines, but to consider a holistic view 

of the process and associated workflow. 

Van der Aalst identified 20 patterns that can occur in a workflow, and 

grouped them in 6 categories: basic control flow patterns, advanced 

branching and synchronization patterns, structural patterns, patterns 

involving multiple instances, state-based patterns, and cancellation patterns 

(van der Aalst et al. 2003b). The complete list of patterns is shown in Table 

5.1. 

We did not seek to provide direct support to all 20 patterns, as that would 

compromise our focus of having a simple modelling environment that 

could be used autonomously by end-users. Moreover, we stress again that 

any process (and hence any of these patterns) can be modelled by 

describing what happens throughout the narrative. Therefore, our aim was 

to provide a bare minimum of control structures, to the extent that they 

would clarify the story, by helping to expose the basic structure of the 

process being described in the narrative. This rationale led us to provide 

support to the patterns in the groups basic control patterns and structural 

patterns. We have extended the concept of a scene in order to support these 

patterns. We defined 5 major types of scene: working, waiting, approve/decide, 

send, and receive. As it will shortly become clear, these are not simply added 

instances of scene templates to enrich the scene library and enable an 
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enriched communicational structure. These new types of scene extend the 

base entity with customised attributes and behaviour, which will enable 

support to different workflow patterns. We now describe how each type of 

scene fits into our storytelling model.  
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Table 5.1: Workflow Patterns introduced by Van der Aalst. Patterns supported in 

the model are displayed in bold. 

Group Patt. Pattern name 

Basic Control 
Flow Patterns 

1 Sequence 

2 Parallel Split 

3 Synchronization 

4 Exclusive Choice 

5 Simple Merge 

Advanced 
Branching and 
Synchronization 
Patterns 

6 Multi-choice 

7 Synchronizing Merge 

8 Multi-merge 

9 Discriminator 

Structural 
Patterns 

10 Arbitrary Cycles 

11 Implicit Termination 

Patterns involving 
Multiple 
Instances 

12 Multiple Instances Without Synchronization 

13 Multiple Instances With a Priori Design Time Knowledge 

14 Multiple Instances With a Priori Runtime Knowledge 

15 Multiple Instances Without a Priori Runtime Knowledge 

State-Based 
Patterns 

16 Deferred Choice 

17 Interleaved Parallel Routing 

18 Milestone 

Cancellation 
Patterns 

19 Cancel Activity 

20 Cancel Case 
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The working scene depicts a generic work setting with no specific metadata 

other than the information that is maintained for all types of scene: the 

scene title, narrative, visual structure, number of intervening actors, their 

roles, dialogue, and a pointer for the following scene. A working scene can 

be further refined to communicate, casual meeting, formal meeting, sign 

document, and unknown activity. 

The waiting scene corresponds to a situation where the actors are waiting to 

proceed to subsequent activities. Specific metadata for this type of scene 

includes the reason justifying the waiting activity. Possible reasons are 1) 

taking a mandatory pause imposed from a business requirement, 2) to 

allow parallel activities to complete, and 3) to impose a time limit on 

receiving some business artefact. Additional metadata includes the waiting 

period or time limit, and for the latter case, a pointer for both the scene 

where the artefact is received, and the scene that follows in the event that 

the time limit is reached before the expected artefact is received. 

The approve/decide scene depicts a splitting point in the narrative that 

emanates from a business decision. Specific information characterizing this 

type of scene includes the conditions that trigger each possible decision, 

and for each condition, the corresponding pointer to the following scene. 

The send scene describes a situation where the leading actor is sending a 

business artefact to a secondary actor. Specific information includes the 

identification of both sender and receiver, as well as the nature of the 

artefact being sent. In addition to the standard information regarding the 

following scene, a pointer to the receiving scene is also kept. 
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Finally, the receive scene describes a situation where the leading actor is 

receiving a business artefact from a secondary actor. Similarly to the send 

scene, specific information is kept regarding the nature of the artefact and 

the identifications of the sender and receiver. 

The revised storytelling model is represented in Figure 5.1 in a high-level 

UML class diagram. As shown in the figure, 10 types of generic scenes are 

defined. The scene library is populated by a collection of generic scenes 

spanning the various types, characterized by generic metadata and one or 

more visual structures for each generic scene, containing alternative picture 

representations.  

A scene is based on a specific generic scene – the latter can be regarded as a 

scene template, void of context and specific content. A scene contains a 

narrative description and a leading actor who is responsible for any activity 

occurring in the scene. The leading actor may engage in dialogue with 

secondary actors (each actor is mapped to a specific role in the 

organisation). A scene also contains a visual structure, which differs from 

the corresponding generic scene’s visual structures. It includes custom 

positions for the textual elements in the scene, and the picture 

representation for the contextualized scene with the dialogue rendered in 

the picture. 

A story describes a business process, and is comprised of a collection of 

scenes, of which at least one is a starting scene, and at least one is an ending 

scene.  
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Figure 5.1: Revised model for the second design iteration (some classes and 

attributes are omitted for clarity) 

5.2.1 Support for workflow patterns 

As explained in the previous section, all workflow patterns can be modelled 

by means of narrative description. However, we considered that it would be 

beneficial to provide basic structures within the modelling tool enabling 

users to define and visualise the structure of stories regarding business 

processes at design time. Moreover, the revised storytelling model retains 
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more structured information about the flow of activities within the 

modelled process, enabling an easier conversion to an executable model 

when deploying to a BPMS. It is however important to note that, while we 

are not modelling for the sake of modelling, the execution of business 

processes falls outside of the scope of this work. We therefore limit the 

support of workflow patterns to a small subset, targeting the patterns that 

depict the basic constructs more prone to occur when structuring a story 

with multiple scenarios, while dismissing explicit support to patterns that 

are more complex, or that deal with execution issues. Specifically, we are 

concerned with the basic control flow patterns and the structural patterns 

listed in Table 5.1. 

In sections 5.2.1.1 to 5.2.1.7 we describe these patterns and briefly depict 

how they are represented in the proposed model. In section 5.2.2 we 

provide additional details on how the model maintains the structural 

information necessary to implement these patterns. Finally, in section 5.3 

we address the revised tool and describe in detail how it handles the 

creation of scenes and maintains their inter-relationships in accordance 

with the model. 

5.2.1.1 Sequence 

The sequence pattern is formed when an activity occurs after the 

completion of another activity within the process. The BPMN 

representation for this pattern is shown in Figure 5.2. In the storytelling 

model, a sequence is created by connecting two scenes. The first scene 

within a sequence can be any working, receive, or mandatory waiting scene. 

The subsequent scene can be of any type. The first scene holds a pointer to 

the subsequent scene.  
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Figure 5.2: Sequence pattern 

5.2.1.2 Exclusive Choice 

The exclusive choice pattern occurs when there is the need to choose and 

follow one of several branches within the process (see Figure 5.3). In the 

storytelling model, an exclusive choice is implemented by creating an 

approve/decide scene, identifying the conditions that trigger each branch, 

and pointing to the first scene in each branch.  

 

Figure 5.3: Exclusive choice with two branches 

5.2.1.3 Simple Merge 

The simple merge (shown in Figure 5.4) occurs when two or more 

alternative branches are joined without synchronization. It is assumed that 

that the alternative branches are not ever executed in parallel – for 

instance, a simple merge can join the alternative branches emanating from 

an exclusive choice. In the storytelling model, a simple merge is achieved 

Task 1 Task 2
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by making the last scene of every alternative storyline point to the same 

scene.  

 

Figure 5.4: Simple merge with two branches 

5.2.1.4 Parallel Split 

A parallel split happens when a single activity stream is split into multiple 

branches that are executed in parallel (see Figure 5.5). Activities in these 

branches can either be executed simultaneously or in any order. A parallel 

split can be achieved with the storytelling model by creating an 

approve/decide scene, and either leaving the conditions blank or applying the 

same condition to all branches. If it considered desirable or necessary to 

give each branch a description, a remark should be provided in the scene 

description stating the nature of the branch (parallel split instead of 

exclusive choice), thus avoiding ambiguity. 
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Figure 5.5: Parallel split with two branches 

5.2.1.5 Synchronization 

The synchronization pattern occurs when two or more parallel branches 

are joined into one single stream (see Figure 5.6). Activities following the 

join can only be executed once all of the incoming branches are executed. 

It is assumed that each incoming branch is executed only once. In the 

storytelling model, a synchronization pattern is realized by making the last 

scene of every alternative branch point to the same waiting scene. When 

characterizing the waiting scene, the reason for waiting is set to join multiple 

scenes, and the waiting period is left blank. The waiting scene should point 

to the first scene of the joined stream. 

 

Figure 5.6: Synchronization pattern with two branches 
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5.2.1.6 Arbitrary Cycles 

The arbitrary cycle pattern describes a loop in the process, i.e., a point in 

the process where one or more activities can be executed repeatedly. 

Unlike structured cycles, arbitrary cycles can be interleaved, and can have 

more than one entry point and more than one exit point. Figure 5.7 shows 

an example of a process with an arbitrary cycle. Tasks 4, 5, and 7 are 

repeated in a loop; tasks 2 and 3 are both entry points to the loop, and tasks 

6 and 8 are exit points. In the storytelling model, arbitrary loops can be 

defined by setting a scene’s next scene pointer to a previous scene. One or 

more approve/decide scenes can be used to define stop conditions. 

 

Figure 5.7: Example of an arbitrary cycle pattern 

5.2.1.7 Implicit Termination 

The implicit termination pattern indicates that the process should be 

terminated when there is nothing else to be done, i.e., when there are no 

active activities in the workflow. This means that, if a task being executed 

does not contain any successors (i.e., no outgoing transitions other than a 

possible transition to an end node), all parallel branches are allowed to 

complete before the process is terminated. In the storytelling model, a 

sequence of scenes is terminated by setting the last scene’s next scene 

pointer to end of story. Alternative story endings can be described with 
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alternative branches reaching different final scenes. If the story contains 

parallel branches, the narrative should indicate whether the process should 

immediately terminate upon reaching a story ending.  

 

Figure 5.8: Implicit termination 

5.2.2 Story structure and validation 

At the beginning of this section we described the main characteristics of the 

revised storytelling model. Comparing to the first iteration, the most 

significant difference is arguably the way the model deals with how scenes 

relate to one another in order to structure a story. In the first iteration, 

scenes are always sequential (see Figure 5.9). It is left to the storyteller’s 

freedom and imagination to use the narrative in a creative manner in order 

to describe any alternative scenarios, subplots, or parallel storylines. Since 

the environment imposes a sequential structure in the stories, any story 

created with the first iteration of the tool is necessarily valid: it will have a 

beginning (the first scene), a sequence of scenes, and an ending (the last 

scene). 

 

Figure 5.9: Sequential story structure 
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As covered in the previous subsection, the second iteration of the model 

supports additional structuring schemes through the introduction of new 

scene types that can be used together to implement non-sequential 

workflow patterns. At the beginning of the section we described the revised 

storytelling model: a story is represented by an aggregation of scenes, where 

at least one is the opening scene and another is an ending scene. Figure 5.1 

offers a representation of this model, but it is now time to analyse in more 

detail how scenes are associated to form the structure of the story. In the 

first iteration of the model, the sequence of scenes forming the story was 

implemented by having a pointer in each scene holding a reference to the 

subsequent scene (see Figure 5.10 – left). In the second iteration of the 

model (represented at the right in the figure), there is a new modelling 

entity called the SceneFlow that holds the associations between scenes. A 

SceneFlow equates to the Sequence Flow and Message Flow BPMN modelling 

elements (Object Management Group 2013). In the BPMN specification, 

the sequence flow is used to determine the order in which activities are 

performed in a business process, whereas the message flow is used to 

expose the exchanging of messages between actors. A SceneFlow holds two 

pointers that establish associations with two scenes: The incoming scene 

“connects” to the SceneFlow, which in turn connects to the outgoing scene. 

The type of the SceneFlow (SequenceFlow or MessageFlow) dictates whether the 

association translates to a process flow or a message exchange. An optional 

name can characterize the association between scenes. As an example, let 

us consider a story comprised of three sequential scenes. Two SceneFlows of 

type SequenceFlow would be necessary to connect scenes 1 and 2, and scenes 

2 and 3. As a second example, let us consider a decision with two possible 

outcomes. The first scene (of type approve/decide) would be followed by two 

regular working scenes, one representing each alternative branch. Two 
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SceneFlows of type SequenceFlow would again be necessary, for connecting the 

same first scene to the scenes corresponding to each branch. The flow 

names could be used to label the alternative branches. 

 

Figure 5.10: Association of scenes in the first (at the left) and second (at the right) 

iterations of the storytelling model 

The SceneFlow structure that is built in the above fashion when adding 

scenes to a story will eventually define a graph that corresponds to the 

process model. The storytelling model does not impose specific rules 

limiting the combination of different scene types. However, it does require 

that the finished story have a structure with certain properties. Such 

structure is defined by the business process story graph. A valid business 

story is represented by a graph structure that can equate to a valid business 

process model. 

Let us define the business process story graph as a tuple (𝑁,𝐸, 𝑆,𝐹, 𝑠, 𝑓) 

where: 

− 𝑁 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠; 

− 𝐸 ⊆ 𝑁×𝑁 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑒𝑑𝑔𝑒𝑠,𝑤ℎ𝑖𝑐ℎ 𝑎𝑟𝑒 𝑜𝑟𝑑𝑒𝑟𝑒𝑑 𝑝𝑎𝑖𝑟𝑠 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠; 

− 𝑆 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑆𝑐𝑒𝑛𝑒𝑠; 
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− 𝐹 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑆𝑐𝑒𝑛𝑒𝐹𝑙𝑜𝑤𝑠; 

− 𝑠 ∶  𝑁 → 𝑆 𝑖𝑠 𝑎 𝑚𝑎𝑝𝑝𝑖𝑛𝑔 𝑡ℎ𝑎𝑡 𝑎𝑠𝑠𝑖𝑔𝑛𝑠 𝑎 𝑆𝑐𝑒𝑛𝑒 𝑡𝑜 𝑒𝑎𝑐ℎ 𝑛𝑜𝑑𝑒; 

− 𝑓 ∶  𝐸 → 𝐹 𝑖𝑠 𝑎 𝑚𝑎𝑝𝑝𝑖𝑛𝑔 𝑡ℎ𝑎𝑡 𝑎𝑠𝑠𝑖𝑔𝑛𝑠 𝑎 𝑆𝑐𝑒𝑛𝑒𝐹𝑙𝑜𝑤 𝑡𝑜 𝑒𝑎𝑐ℎ 𝑒𝑑𝑔𝑒. 

In order to achieve a valid process story, the following five validation rules 

are enforced: (1) the story must have at least one starting scene. In our 

model, this means that there must be at least one scene that is not the 

outgoing scene of any SceneFlow in the story. Or, in the story graph, there 

must be a node that is a source; (2) the story must have at least one ending 

scene. Conversely, this means that there must be at least one scene that is 

not the incoming scene of any SceneFlow in the story. Or, in the story graph, 

there must be a node that is a sink; (3) it must be possible to reach a story 

ending from any scene. This means that there must exist at least one 

storyline starting from any scene and ending at an ending scene for every 

scene in the story graph. Or, there must be at least one path beginning at 

any node and ending at a node that is a sink. Regarding the story structure, 

a path is defined by a sequence of SceneFlows connecting adjacent scenes, 

where the incoming scene of the first element in the sequence is the first 

scene, the incoming scene of element n is scene n, the outgoing scene of 

element n is scene n+1, and the outgoing element of the last element is the 

last scene (an ending scene); (4) a story cannot contain isolated scenes. 

This means that a scene cannot at the same time be a starting scene and an 

ending scene, or in other words, every scene in the story must be either the 

incoming or the outgoing scene of at least one SceneFlow. Or, in the story 

graph, no node can be both a source and a sink; (5) a story cannot contain 

isolated storylines. This means that for every 2-way partition of the process 

story graph (where nodes represent scenes and edges represent SceneFlows), 
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there must exist at least one SceneFlow in which the incoming scene and the 

outgoing scene are in different subsets of the graph.  

5.3  Alterations to the Modelling Tool 

We now describe the alterations made to the modelling tool in the second 

design iteration. The main purpose of these alterations was to address the 

issues found in the first iteration (revisit section 4.5). Specific objectives 

were to align the tool with the revised storytelling model, improve the tool’s 

ease of use, especially regarding story and scene composition, and enhance 

the tool’s adequacy as a business process modelling environment. The 

following subsections describe the main developments in the tool’s 

functionality concerning story and scene composition, and story 

visualisation. 

The most pressing concerns when revising the tool’s story and scene 

composition features were to 1) get users to produce narrative content to 

outline their stories, instead of relying solely on dialogue; and 2) to make 

the tool “get out of the way” of the storyteller, by minimizing the number of 

required steps to create each scene. 

In the first iteration of the tool, scene creation would start by searching the 

scene library for a suitable picture. The user could speed up the search by 

filtering the library against the desired business situation, location, and 

objects present in the picture. In the second iteration, we eliminate the 

search altogether, and instead present the user with the screen shown in 

Figure 5.11. If starting a new story, it is given a standard name (“Untitled 

Story”), and the user can rename it with the “Rename this story” link 
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button. The same heading also serves to contextualize the user by 

indicating that we are creating a new scene. 

The scarceness of user interface elements is intentional; The UI is designed 

to help focus the user on three essential tasks for creating the scene: giving 

the scene a title, which will force the user to mentally structure the story in 

separate scenes, and to summarize the purpose of the current scene; 

selecting the business situation that best matches the new scene; and 

indicating how many actors will participate in the scene. 

 

Figure 5.11: Creating a scene. The above screen corresponds to the first screen the 

user sees when starting a new scene in the revised modelling tool. 
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The choice of situation will determine the type of scene being created, 

according to the revised storytelling model (see previous section). Once a 

situation is selected, the modelling tool will present the remaining elements 

for completing the scene (Figure 5.12). Some of these elements will vary 

depending on the type of scene. The following subsections describe how 

each type of scene can be created using the tool. 

 

Figure 5.12: The modelling tool's user-interface. 1) The title of the scene; 2) 

Narrative description of what happens in the scene; 3) Actor identification and 

mappings to organizational roles; 4) Scene dialogue; 5) Flow to the next scene; 6) 

Control over picture selection and dialogue positioning; 7) Visual representation 

and navigation between scenes. 
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5.3.1 Composing a working scene 

The interface for creating a working scene (shown in Figure 5.13) is shared 

by all of its sub-types: casual meeting, formal meeting, sign document, 

communicate, and unknown activity.  

 

Figure 5.13: Composing a working scene. The same interface is used for scenes of 

type casual meeting, formal meeting, sign document, communicate, and unknown activity. 

The user starts by adding the narrative to the scene in the “Caption/Notes” 

text area. The narrative will typically correspond to a description of what 

happens in the scene being designed. The next step is to identify the 

leading actor for the scene. If the scene describes an activity, the leading 

actor is the person or role responsible for that activity. The actor mapping is 
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chosen from an organisation’s organisational role structure (by default, the 

tool proposes the organisation to which the user belongs). In order to 

speed up the mapping, the tool provides selection areas populated with 

recently used roles, eliminating the need to invoke the organisation 

structure multiple times to recall the same role within the same process 

story. Once the leading actor is identified, the user proceeds to input the 

dialogue for the scene, and define the mappings for the remaining actors. 

The final step is to define how the story will evolve, i.e. the flow of action, 

after the current scene. The story can either flow to a new scene, a 

previously created scene, or the end of the story. 

Immediately after the user saves the new scene, the tool selects a picture 

from the scene library that is compatible with the chosen business situation 

and number of actors, renders the dialogue, and creates the picture that 

will represent the newly created contextualized scene. The generated 

picture is then shown in the interface, at the right. If the user chooses to 

proceed to a new scene (the save button label will show “Save and Go”), the 

tool will reset the leftmost part of the interface to its initial state, allowing 

the user to design the next scene; if on the other hand the scene links to a 

previous scene or is an ending scene, the interface switches to edit mode, 

keeping the fields populated and editable (in this case the save button label 

will show “Save”).  

Scenes can be recalled in edit mode at any time by clicking the respective 

pictures with the pointer. The user will then be able to review all the 

information related to the scene, and to customize the appearance of the 

picture representing the scene. The user is allowed to change the base 

picture, automatically selected by the system, by choosing a different one (a 
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list is provided with multiple combinations of objects and locations for the 

same business situation). The user can also improve the layout by adjusting 

the position of dialogue elements, which can be useful for longer dialogue 

lines that would otherwise lap over the limits of the frame. 

 

Figure 5.14: Customizing the picture for a scene. The user can choose an 

alternative picture, and adjust the position of the dialogue (text and guides). 

Saving a working scene causes the system to create two new modelling 

entities (represented in Figure 5.15): (1) a new scene following the 

specifications provided by the user; (2) a SceneFlow of type SequenceFlow 

connecting the previous scene to the newly created scene. If the new scene 

is a starting scene, the SceneFlow will not have an incoming scene. 
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Figure 5.15: Generated structure when saving a new working scene. 

5.3.2 Composing an approve/decide scene 

The approve/decide scene splits the storyline into two or more alternative 

branches. It can be used to describe or model situations such as business 

decisions, approval processes, or alternative scenarios emerging from 

internal and/or external conditions. The interface for this type of scene is 

shown in Figure 5.16. As it is apparent while inspecting the figure, the 

interface remains in its essence unchanged from the standard interface for 

creating a working scene. The difference occurs when the user specifies how 

the story will flow after the approval scene. By default, the tool assumes a 

binary decision, a common reason for splitting a process story into two 

alternative branches. In this case, the user must simply identify the scenes 

corresponding to each branch (approved or rejected). As with the working 

scene, the subsequent scenes can either be new scenes, existing scenes, or 

the end of story (no subsequent scene). 

An advanced mode enables the user to define up to five additional 

alternative branches, and add custom descriptions for each condition (see 

Figure 5.17). 
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Figure 5.16: Composing an approve/decide scene. The interface differs from the 

working scene in the way the user specifies the story flow. 

 

Figure 5.17: Advanced mode for creating an approve/decide scene. 

Upon saving an approve/decide scene, the tool will (besides creating that 

scene) automatically create any new scenes specified by the user, as well as 

the underlying SceneFlow structure connecting the different scenes. In total, 
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the system creates up to 12 modelling elements, depending on the number 

of branches defined by the user: the approve/decide scene, a SceneFlow of type 

SequenceFlow connecting the previous scene to the approval scene, a working 

scene for each branch for which a new scene was specified, and a SceneFlow 

of type SequenceFlow for each branch, connecting the approval scene to the 

first scene of each branch (new or previously existing scene). Figure 5.18 

shows the modelling structure created for a simple (binary) decision with 

both branches being initiated with new scenes. In this standard case, 6 

modelling elements are created. The SceneFlows that link the approval 

scenes to the new scenes are automatically named “Yes” and “No”. These 

names are editable via the interface’s advanced mode. 

 

Figure 5.18: Generated structure when saving a new approve/decide scene. The 

displayed structure corresponds to a simple decision (two alternatives). 

5.3.3 Composing a waiting scene 

The waiting scene is used to describe a situation whereby the leading actor 

is waiting for some event to take place. As shown in Figure 5.19, the tool 

supports two major types of waiting situations, from which the user chooses. 

The first option can be used to support mandatory time-based pauses 

between scenes, or to synchronize parallel story segments (as described in 
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section 5.2.1.5). The user may optionally specify a time limit for the waiting 

period. The second option is used to model situations where the leading 

actor is waiting to receive a business artefact. In this case, a deadline may be 

specified that if reached will trigger an alternative flow in the story (which is 

identified at the bottom of the interface).  

 

Figure 5.19: Composing a waiting scene. The interface has custom elements for 

describing the characteristics of the waiting activity, and for defining the story flow 

beyond the current scene. 
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The structure and number of modelling elements created by the system 

upon saving a waiting scene depends on the type of waiting situation 

chosen by the user. Time-based and synchronizing pauses are handled in 

the same manner as the working scene – a waiting scene is created together 

with a SceneFlow element that connects the newly created scene to the 

previous scene (revisit Figure 5.15). Hence, for synchronizing pauses, the 

user is expected to edit the last scene of each alternative story segment and 

update the “what happens after this scene” selection in order to make them 

point to the waiting scene. 

For situations where the pause is dependent on the reception of a business 

artefact, the system creates four new modelling elements (in addition to the 

structure described above): a new receive scene for the main story stream 

where the item is received within the specified waiting period, a SceneFlow of 

type SequenceFlow connecting the waiting scene to the receive scene, a new 

working scene for the alternative story stream where the deadline is reached 

before the item can be received, and a SceneFlow of type SequenceFlow 

connecting the waiting scene to the working scene. The name of the latter 

SceneFlow is set to “Time Expired”. The complete structure is represented in 

Figure 5.20. 
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Figure 5.20: Generated structure when saving a new waiting scene. The displayed 

structure corresponds to the situation where the waiting period is dependent on 

the reception of a business artefact. 

5.3.4 Composing a send scene 

The send scene depicts the sending of a business artefact (e.g. a document, 

a package, a message) from the leading actor to a third party who is also an 

actor in the story. Along with the standard information characterizing any 

scene (including identifying the leading actor, which in this case is the 

sender), the user specifies which business artefact is being sent in the scene. 

Business artefacts are selected from a user-customizable list that is mapped 

to the target organisation and shared between stories. The user also 

identifies the recipient, which is mapped to an organisational role and 

becomes an actor in the story. A final custom element concerns plot 

development. Two separate plot segments emerge from a send scene – the 

first is the subsequent scene after the artefact is sent, which is handled 

similarly to working-type scenes. This segment corresponds to the 

continuation of the main storyline, and thus the same actor that leads the 

sending scene is typically the leading actor for the subsequent scene. 
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The parallel plot segment is initiated with the scene where the artefact is 

received, which the user identifies whilst composing the send scene. The 

leading actor for the scene is the recipient of the business artefact that was 

sent. The two plot segments may evolve independently or merge at a later 

point in the story. Figure 5.21 shows the tool’s interface for composing a 

send scene. 

 

Figure 5.21: Composing a send scene. The interface has custom elements for 

identifying the business artefact being sent, the recipient, and the scene where the 

artefact is received. 
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Upon saving a send scene, the system creates the new scene following the 

specifications provided by the user, and a SceneFlow of type SequenceFlow 

connecting the previous scene to the newly created send scene. Depending 

on user choice, the scene where the artefact is received may either be an 

existing or a new receive scene. In the former case, the system creates a 

SceneFlow of type MessageFlow connecting the send scene to the receive scene. 

The name of the SceneFlow is set to the name of the artefact being sent. In 

the latter case (represented in Figure 5.22) the system behaves similarly, but 

also generates the new receive scene. In both cases, the use of a SceneFlow of 

type MessageFlow signals that a message is being exchanged between two 

parallel story segments. These parallel segments evoke the handling of 

message exchanging in BPMN, and could potentially correspond to 

independent stories (about separate, interrelated processes). Therefore, for 

the purposes of story validation, the SceneFlow connecting these segments 

does not count towards assessing reachability between scenes – the first 

scene in the parallel segment (the receive scene) is to that effect considered 

an opening scene, i.e., a scene with no predecessors. 

 

Figure 5.22: Generated structure when saving a new send scene. The displayed 

structure corresponds to the situation where the selects a new scene as the 

receiving scene. 
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5.3.5 Composing a receive scene 

The receive scene exists as a counterpart to the send scene. It depicts a 

situation where a business artefact has been received. While not enforced 

by the system, the leading actor (the recipient) normally maps to the same 

recipient in a corresponding send scene. Conversely, the leading actor in 

the send scene is typically identified as the sender in the receive scene. The 

identification of the item being received is also customizable and normally 

selected in accordance with the receive scene. The interface for this scene is 

shown in Figure 5.23. 

The generated structure after saving a receive scene is the standard structure 

used in working-type scenes (already shown in Figure 5.15): A SceneFlow of 

type SequenceFlow connects the previous scene (if existent) to the newly 

created receive scene. 
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Figure 5.23: Composing a receive scene. The interface enables the identification of 

sender, recipient, and the business artefact being received. 

5.3.6 Defining alternative triggers 

The modelling tool supports the description of alternative triggers for 

stories through the use of additional opening scenes (an opening scene is a 

scene that begins the story). In order to create an opening scene, the user 

must simply use the pointer to activate the “New Opening Scene” link button 

located beneath the story title (see for example Figure 5.23 at the top). This 

action signals the system to ignore any link to preceding scenes. 

Consequently, upon saving the new opening scene, a SceneFlow object will 
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not be created connecting the newly created scene to an existent scene in 

the story. The new opening scene can be used to describe the alternative 

trigger and to initiate the corresponding storyline. Nonetheless, as isolated 

story segments are not allowed (as discussed in section 5.2.2), alternative 

storylines must converge at some point through at least one connecting 

scene. 

5.3.7 Model checking and story structure 

As covered throughout this chapter, the revised model allows for more 

explicit control over the structure of process stories. With the updated 

modelling tool it is possible to break from the normal sequential order 

between scenes to form parallel, split, and loop patterns. As seen in Figure 

5.24, a vertical navigation panel is used to display the scenes in sequential 

order. The current scene is highlighted through a thick blue border, and its 

details (which are editable) are shown at the left part of the interface, 

following the context+detail paradigm (Robert 2007). However, because 

scenes are always shown sequentially during story composition it may 

become difficult to visualise the story structure as the plot progresses. In 

order to avoid this, the user can visualise a representation of the story 

structure at any time by clicking the “View Structure” button above the 

navigation panel. This opens a pop-up panel where a workflow-like 

representation of the story is shown to the user, exposing the connections 

between scenes. As shown in Figure 5.25, scenes are represented in 

rectangular boxes that are labelled with the scene titles; the arrows 

connecting scenes represent SceneFlows (the modelling elements that link 

the scenes). 
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Figure 5.24: Modelling tool’s UI for story composition. 

A validation summary report is shown above the diagram covering the five 

validation rules that are enforced by the tool (these were discussed in 

section 5.2.2). Any found issues are displayed in red and signalled in the 

status column together with a brief explanation specifying the root of the 

problem (see Figure 5.26 for an example). 
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Figure 5.25: Viewing the story structure and validation summary. The structure is 

shown in a workflow-like diagram representation and can be exported as a picture 

for later inspection. 

 

Figure 5.26: Invalid story structure corresponding to a story with no scenes. Failed 

validation tests are highlighted in red, and a brief explanation is provided under 

each item in the status column. 
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In order to resolve issues with the story structure, the user can edit the 

relevant scenes modifying the links between them. Unwanted scenes can 

also be individually deleted, and a custom control is provided under the 

story title that automatically deletes all isolated scenes in the story. 

5.3.8 Story Visualisation 

Process stories can be visualised during composition through the sequential 

navigation panel (shown in Figure 5.24) and the story structure view 

(shown in Figure 5.25). The former allows for quick navigation and editing 

of scenes, whereas the latter exposes the story structure and direct 

connections between scenes. Once stories are finalized, two additional 

visualisation modes become available. 

The “View as Book (PDF)” option in the story selection screen generates a 

PDF document that allows users to view the story as a booklet evoking 

graphic novels and film storyboards. The document has a cover page 

including the story title, its cast (i.e. the actors, which represent 

organisational roles), and the author of the story (a cover page is shown in 

Figure 5.27). The second page presents the story structure, which is the 

system generated workflow-like diagram representing the relationships 

between scenes (a story structure page is shown in Figure 5.28). In the final 

pages the document features a storyboard containing a two by two frame 

matrix on each page with the scenes composing the story (a storyboard 

page is shown in Figure 5.29). The story booklet can be used for 

distribution among business teams to support discussion and collaboration 

in organisational efforts involving business process elicitation, modelling 

and reengineering, or for archiving to enhance the organisation’s process 

documentation assets. 
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Figure 5.27: Viewing the story as a booklet (cover page). 

 

Figure 5.28: Viewing the story as a booklet (story structure page) 



Iteration 2: Improved Modelling 

 177 

 

Figure 5.29: Viewing the story as a booklet (storyboard page) 

The “View Interactive Story” option in the story selection screen activates a 

viewing mode that allows the user to progress interactively through the 

story in a manner similar to interactive books. Each scene is presented 

individually, and the interface is focused on the picture representing the 

scene (including dialogue and caption annotations). The user controls the 

navigation to the next scene, which depending on the story structure can 

yield multiple outcomes, each representing a possible path in a potential 

process instance. In Appendix D we provide a thorough example were we 
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use the modelling tool to build a process story based on a popular BPMN 

example and then proceed to view the finished story interactively.  

5.4  Evaluation 

In this section we evaluate the second design iteration through a case study 

where participants used the tool to model a new business process in a real 

organisational setting. Specifically, we considered and investigated the 

following three research questions for iteration two:  

RQ-IT2-1: Can meaningful business processes be elicited by end-users 

without the participation of expert modellers?  

RQ-IT2-2: Can storytelling enable and incite users to externalize tacit 

knowledge and preserve contextualization? 

RQ-IT2-3: Does the sharing of business stories contribute to process 

modelling? 

We first present a set of considerations regarding the study design, 

including objectives, data collection procedures, analysis, and validity. We 

then follow with the case description and analysis. 

5.4.1 Case study design 

As detailed throughout this dissertation, our study was motivated by the 

problems that are imposed on BPM by the workflow paradigm, which led to 

a reconsideration of the way business processes are modelled. The objective 

of the study was aligned with our research focus: to investigate and evaluate 

the potential of the storytelling method. We used the case study method in 

the software engineering tradition (Runeson and Höst 2009), gathering a 
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range of data in a real-world setting. The study design involved three phases 

and several data gathering methods (outlined later). We were interested in 

testing the storytelling approach in a typical scenario. As such, we sought an 

organisation that was externalising their work procedures. The unit of 

analysis was the process being modelled. The specific type of organisation 

was of no particular importance to the study design, since the requirements 

pertained mostly to the process under study: each process needed to 

encompass a minimum level of complexity to allow for rich stories 

addressing problem solving and unexpected situations, and it needed to 

span multiple roles in the organisational hierarchy in order to capture 

collaborative scenarios, which are central to most stories.  

As discussed in this chapter, we had previously developed a revised tool. 

The study participants used the revised tool as an authoring environment 

for eliciting and modelling their business processes. As we were focusing on 

the end-users’ ability to do the modelling autonomously, we avoided direct 

contact with the subjects while they were using the tool, and adopted an 

indirect method of data collection, classified by Lethbridge et al. (2005) as 

a second degree data collection technique. The subjects created their 

stories autonomously and data was collected at a later time, from both the 

tool’s print outs and raw usage logs. We used a goal-based metric definition 

technique similar to the methodology proposed by Basili and Weiss (1984). 

The goals for the measurement activity were defined so as to provide 

relevant data to fulfil each of the research questions. Refined questions for 

each goal and corresponding metrics are shown in Table 5.2.  
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Table 5.2: Goal-Based measurements 

 RQ Goal Questions Metric Type of Data 
Data 

Categories 

1 
Evaluate 

meaningfulness 

Did the subjects 

create detailed 

stories? 

Can workflow be 

derived from user 

stories? 

Number of 

scenes 

Quantitative (None) 

Use of 

narrative1 

Qualitative Low/ 

Med/High 

Use of 

dialogue2 

Qualitative Low/ 

Med/High 

Structural 

complexity3 

Qualitative Low/ 

Med/High 

Story verifies 

process validity 

restrictions (see 

[66]) 

Qualitative Yes/No 

2 

Evaluate tacit 

knowledge 

externalisation and 

contextualization 

Did the stories 

portray emotion? 

Were unexpected 

situations 

depicted? 

Was 

contextualized 

knowledge 

applied? 

Presence of 

emotional 

elements in the 

dialogue/ 

narrative 

Qualitative Yes/No 

Depiction of 

unexpected 

situations 

Qualitative Yes/No 

Predominance 

of contextual 

reasoning 

Qualitative Low/ 

Med/High 

 
 

1 We define narrative as the textual report made by the narrator of the story. In the modelling tool, 
narrative is registered in the text field labelled 2 in Figure 5.12. 

2 We define dialogue as the direct discourse depicting individual thoughts or remarks, or spoken 
interactions amongst actors in the story. In the modelling tool, dialogue is registered in the text fields 
labelled 4 in Figure 5.12 (one text field per actor in the scene). 

3 Qualitative assessment of structural complexity is based on the registered number of activities, 
decision steps, and organisational roles. 
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3 

Evaluate whether 

collaborative 

storytelling 

contributes to 

process modelling 

Did sharing stories 

help the team 

better understand 

the process? 

Did the gathered 

stories influence 

the final adopted 

practices? 

Sharing of 

stories helped 

collaboration 

Qualitative Yes/No 

Stories 

enriched the 

organisational 

practice 

Qualitative Yes/No 

We took a number of steps towards addressing validity both during case 

study design and later through data collection and analysis. A case study 

protocol was developed with the engagement of all participants, detailing 

case objectives, field procedures and timings. This protocol was established 

with the intent of ensuring consistent data collection and addressing threats 

to validity, by aligning the researchers’ and participants’ views of the study 

and its objectives. This alignment was further pursued by choosing an 

organisation well known to the researchers, with a long-term history of past 

cooperation. Reliability and internal validity threats were addressed by 

ensuring that subjects understood the tasks they were to perform and were 

not influenced by the researchers who conducted the study and analysed 

the data, and by isolating factors that could affect causal relations. Two key 

factors were whether participants were correctly using the tool and the 

tool’s adequacy for authoring business stories. The latter is part of our study 

objectives and is evaluated through data collection and analysis. We 

addressed the former by devising a multiple phase field procedure strategy 

(see Figure 5.30), where we first explained the tool usage to participants, 

and then engaged them in a test-run where subjects began telling their 

stories and tested the tool. After these initial sessions, we carried out 

individual unstructured interview sessions that served a dual purpose: 1) 

helping subjects overcome difficulties caused by incorrect use of the tool; 
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and 2) identifying shortcomings or aspects of the tool that should be 

improved. Once both issues were addressed, we entered the second phase 

whereby subjects would develop their stories to completion with no further 

interference from our part. Finally, in the last phase, the subjects worked 

together to reach a unified story. We used different forms of triangulation 

to increase the quality of our measurements and data analysis. This 

procedure is of particular importance considering that in our research we 

must rely primarily on qualitative data, richer but less precise than 

quantitative data points. We gathered data from different data sources, 

namely from the tools’ print outs (storyboards and structure diagrams), 

from raw system logs, and from the subjects’ feedback in interviews. We 

took both quantitative and qualitative measurements whenever possible, 

and data was analysed independently by two researchers.  

 

Figure 5.30: Field procedure 

External validity threats are also acknowledged, specifically the extent to 

which we can use our findings in the present study towards building a 

generalized storytelling approach to process modelling. We deliberately 

chose a specific process as the unit of analysis abstracting organisational-

specific aspects, and the subjects were selected among the participants in 

the chosen process. We nevertheless report issues regarding the higher 

level of technological literacy of our subjects in comparison with a broader, 

more typical organisational environment. We also suggest that the 

1st	phase	
-	training		
-	storytelling	test-run	

2nd	phase	
-	individual	stories	

3rd	phase	
-	collaborate	to	reach						
converged	story	
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particular environment and leadership of the selected organisation may 

influence the obtained results. The strong research orientation of the 

organisation and the leadership by a researcher in the field of Computer 

Science may influence the observed modelling practices. We therefore 

recognise that further research is necessary involving other types of 

organisations.  

5.4.2 Case description and results 

Our study took place at a small IT supporting unit belonging to the Faculty 

of Sciences of the University of Lisbon. Many courses taught at the 

university depend on computer laboratories supported by this unit, which 

covers around 1,000 students. Some of these laboratories have to comply 

with specific software and hardware requirements presented by various 

courses running at the same time and changing every six months. 

Therefore, such requirements must be reported by the teaching staff to the 

IT team prior to the beginning of each semester so that the appropriate 

operating environment is ready for use by students when classes commence.  

Because resources are limited, the laboratories cannot be dedicated to a 

single course, so a set of base image files must be created and configured by 

the IT team and replicated and installed across all computers available in 

the laboratories. This is an intricate process encompassing a series of 

activities involving the preparation of base configurations, requests for 

requirements, analysis of technical problems, negotiating requirements 

with teachers, approvals, generation of images, upgrades, compatibility 

tests, deployment, and final tests. 
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Since there is currently no process model supporting these activities, 

difficulties are not uncommon. For instance, with no mechanism for 

retaining knowledge year after year, the IT team often works on the same 

problems and devises repeated solutions. What is worse, it is troublesome to 

keep track of communications going back and forth between teachers and 

the IT team, often leading to conflicts, unnecessary delays and incorrect 

configurations. Furthermore, because procedures are not well defined, the 

IT team ends up receiving new requests throughout the semester, and such 

exceptions are not easily handled.  

In this context, the leader of the IT unit decided to use the storytelling tool 

with the objectives of improving consistency, efficiency, transparency, 

accountability, and learning. The team, consisting of the leader plus five 

members, was invited to use the storytelling tool to describe the desired IT 

configuration process. Again, keeping with our stance of focusing on the 

operators’ knowledge and points of view, we reserved our involvement to a 

minimum. After a brief explanation on how the tool worked, all IT team 

members including the leader were asked to, in their own time, tell and 

record a story about the configuration process. 

As explained in the previous section, work with the tool was divided into 

three phases. In the first phase, lasting one week, the six subjects tested the 

tool and began using it for telling stories. Following the interviews and the 

analysis of these first stories, we identified a few issues regarding the tool 

use. For instance, one subject was unsure how to associate the actors in the 

story with the respective organizational roles—he solved it by using the 

dialogue lines to identify each actor (see Figure 5.31 and Figure 5.32). 

Another subject experienced difficulties structuring his story because he 



Iteration 2: Improved Modelling 

 185 

wanted to describe parallel story lines and the scene frames were displayed 

sequentially. He later found out there was an option whereby the tool 

would show the relations between the various scenes, thus exposing the 

parallel activities. 

 

Figure 5.31: Using dialogue lines as identification tags 

 

Figure 5.32: Typical scene with dialogue line 
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Another discovery that was made by inspecting the initial stories was that all 

subjects told stories about how they thought the process ought to function, 

as opposed to producing concrete narratives based on recollections of past, 

specific occurrences. We later found out that this was a deliberate approach 

by the team: they had agreed that they were not happy with the existing 

configuration process and were seeking to implement a whole new process 

(owing to out study protocol, it was inappropriate for us to intervene.) 

 In phase two, lasting roughly two weeks, the team members were invited to 

use the tool to outline their stories. Table 5.3 provides a quick summary of 

the six stories that were produced by the end of phase two. Since 

participants were purposely trying to model a desired process, most stories 

were poor on implicitness and heavily reliant on structure. In fact, the team 

felt the tool was not powerful enough to model complex story lines and 

asked us to improve the support for scenes representing decisions (the tool 

only supported simple yes/no type decisions initially). Two team members 

did not use dialogues at all, and all of them used structure as the primary 

means of telling a story. Most team members adopted narrative to describe 

what happened in a scene and for connecting scenes when using non-

sequential patterns. In a few stories, narrative was also used to convey 

implicit story elements such as uncertainty, frustration and disbelief (see 

examples in Figure 5.33). 
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Table 5.3: Collected data per story at the end of phase two (metrics for RQ-IT2-1) 

Story # 
Number of 
scenes 

Use of 
dialogue 

Use of 
narrative 

Structural 
complexity 

Story verifies 
process validity 
restrictions 

1 10 None Medium Medium Yes 

2 8 Low Medium Medium Yes 

3 37 None Medium Very high Yes 

4 14 Medium Medium High Yes 

5 13 Medium Low High Yes 

6 15 Low Medium High Yes 

 

 

Figure 5.33: Expressing emotion 

In the final phase, participants were asked to collaboratively produce a 

converged story. Since the storytelling tool allows viewing and changing 

each other’s stories but does not support any explicit convergence process, 

the team had to improvise a way for reaching a common, agreed upon 

story. The improvised process began with the team leader gathering the 

stories from all participants for analysis and comparison with his individual 

story. He also suggested the team members to use the storytelling tool to 

study each other’s stories in preparation for a convergence meeting where 
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the final story would be discussed face-to-face. Actually, because of the 

unanticipated complexity of some stories, two meetings were necessary to 

complete the discussion. After these two meetings, the team leader used the 

storytelling tool to record the collective portrayal of the new IT 

configuration process.  

We found out that the individual stories played a significant role in these 

meetings, serving both as a key facilitator in exposing each participant’s 

view on the process and, as multiple subjects accounted in interviews, as a 

tool to record and organise the participants’ ideas, improving their own 

understanding of the IT configuration process being depicted. 

To evaluate the impact of each individual story on the converged story, we 

analysed the storylines and identified four distinctive plot segments: image 

preparation and evaluation (IPE), management of teacher requests (MTR), 

image testing and problem solving (TPS), and image deployment (ID). We 

then analysed the relative weight of each segment in each story, including 

the converged story. As shown in Table 5.4, the coverage of these story 

segments was not homogeneous among all participants, with team members 

dedicating greater shares of their stories to the parts of the procedure they 

were more familiar with, and/or had an interest in changing. 

Considering that the team leader developed an individual story and then 

developed the converged story, we paid particular attention to the 

differences between these two stories. The individual story developed by the 

leader is referenced as story #3 in Table 5.4. It shows that the leader 

dedicated the majority of storytelling to the first segment, which mainly 

involves planning activities, while omitting more operational activities such 

as dealing with teachers’ requests and installing image files in the 
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laboratories. In contrast, almost all other team members ignored the first 

segment and covered the remaining segments in varied proportions. 

However, what is interesting to observe is that the team was able to 

converge on a balanced account of the new IT process, which is clearly 

shown in story #7, Table 5.4. 

Table 5.4: Balance of story segments in individual stories versus the converged 

story (highlighted in bold). 

Story # 
Story segment 

IPE MRT TPS ID 

1 54% 0% 46% 0% 

2 0% 38% 38% 23% 

3 6% 33% 39% 22% 

4 0% 43% 50% 7% 

5 0% 38% 38% 25% 

6 0% 40% 50% 10% 

7 27% 27% 32% 14% 

We also analysed the level of detail of each story segment, and constructed 

the parallel coordinate plot shown in Figure 5.34 based on raw data shown 

in Table 5.5. In the horizontal scale we list the four story segments outlined 

above, while in the vertical scale we consider a measure of detail in 5 levels, 

from none to very high. The polygonal lines show how the details of each 

story changed as the story evolved from preparation to deployment.  

We find that the IPE and TPS segments are covered in very high detail in 

the leader’s individual story (#3, shown as a dotted line in Figure 5.34) but 
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much lower detail in the other team members’ stories. Actually, four stories 

do not have any details at all about IPE. The other team members portrayed 

the MTR and ID segments, which were not addressed by the leader, in low 

to medium detail.  

The level of detail of the converged story (#7, shown as a dashed line in 

Figure 5.34) shows a considerable balance when compared with the 

individual stories. Remarkably, the MTR segment of the converged story is 

more detailed than any of the individual stories. This was partially 

explained by the team members in the interviews, where they noted the 

convergence meetings allowed to discuss several issues about the 

management of teachers’ requests, which were then integrated in the final 

story. These results suggest that sharing different views during the 

convergence meetings sparkled discussion and resulted in a very detailed 

story segment.  

However, in the IPE and TP segments the opposite occurred. The simpler 

and more general accounts by the team members may have influenced the 

leader to streamline these story segments. Finally, the ID segment of the 

converged story closely follows one of the stories. A member recognised by 

the team as the most experienced with IT deployment practices developed 

this particular story. Therefore the ID segment reveals deference to 

expertise. Still, the team was able to add some information to the segment, 

which was related to documenting procedures. 

To conclude, we emphasise that the team’s main goal was transitioning to a 

new IT configuration process. Both the individual and the converged 

stories were developed with this goal in mind, which explains why the 

stories had low implicitness and high levels of structural complexity. After 
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finishing the converged story, the organisation used it to develop the 

equivalent BPMN business process model, and implemented the executable 

business process using the Bonita Open Solution BPM platform 

(Bonitasoft). 

 

Figure 5.34: Level of detail for each segment in individual stories. The dotted line 

corresponds to the leader’s individual story, which is #3; Solid lines correspond to 

the other team members’ individual stories; and the dashed line displays the 

converged story, which is #7 

 
 

IPE MTR TPS ID 
very 
high 

high 

medium 

low 

none 



An End-User Approach to Business Process Modelling 

192 

Table 5.5: Level of detail for each segment in individual stories (raw data) 

Story 
# 

Story segment 

IPE MRT TPS ID 

1 none medium medium low 

2 none medium low low 

3 very high none very high none 

4 none medium high low 

5 none medium medium low 

6 low medium high medium 

7 high high high medium 

 
5.4.3 Results 

The case study was set up to obtain answers to three evaluation questions. It 

is now time to revisit them.  

Can meaningful business processes be elicited by end-users without the 

participation of expert modellers? The answer is a resounding “yes.” After 

the short training period, the users were able to develop both individual 

and converged stories. Though the converged story required discussion in 

face-to-face meetings. Most developed stories combined pictures with 

medium-sized narrative descriptions. All stories had medium to high 

structural complexity. And most stories had low to medium use of dialogue.  

Feedback obtained from the interviews indicates that the team was satisfied 

with the results. The organisation later on developed a more formal IT 
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configuration process model based on the converged story, using the 

BPMN notation. This provides another positive indication that the 

storytelling approach can generate meaningful processes.  

Can storytelling enable and incite users to externalize tacit knowledge and 

preserve contextualization? Based on the case study, the answer leans 

towards a “no.” It was ironic that in the first phase of the study, users seized 

the opportunity to use the tool to create a fiction that they wanted to see, 

instead of telling the existing reality. If a process scenario has not been 

experienced, perhaps it is less readily outlined as a story in rich terms? This 

somewhat subversive use of the tool to outline prescriptive processes arose 

from information politics.  

However, the fact that the majority of stories lacked the expected richness 

seems to reinforce the “no” answer, even if we argue that some degree of 

externalization was achieved. We note that a future research question may 

involve asking how can the storytelling tool be used to elicit rich business 

processes from end users. It seems that a challenge with certain sets of users 

is to break the established frame of abstract process-based thinking so as to 

encourage a more narrative approach based on experience. In our case, the 

IT team and especially the team leader were highly entrenched in the 

workflow paradigm and the end results clearly show a predominance of that 

view. So, the tool itself may not be sufficient to establish a different practice. 

The combination of tool and training could potentially contribute to 

overcome this barrier. Another possibility would be providing exemplars of 

best practice to users.  

A further challenge may be how to support users in converting narrative 

stories into visual stories. The participants in the study developed an 
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emergent practice of emphasizing narrative over visual elements and so a 

possible recommendation for future tool development is to more fully 

support narrative integration into visual elements.  

Does the sharing of business stories contribute to process modelling? The 

results from our study favour a “yes” answer. Our analysis of the story 

segments reveals that the converged story is not only broader in scope but 

also more balanced and detailed than the individual stories, while retaining 

and integrating the views from all team members.  

Revisiting our validity concerns, it can be argued that any comprehensive 

team discussion, whether or not based on business stories, would surely 

contribute to an agreed upon, better process model. We elaborate on two 

factors that may counter that argument. Because the team members were 

tasked to tell their story, they were forced not only to reflect on how they 

thought the process ought to be, but also to materialize that mental model 

in the form of a business story. While we could not identify a predominance 

of tacit elements in the recorded stories, we argue that some degree of 

knowledge externalization has indeed taken place. This was confirmed by 

the capacity some team members had to influence the converged story 

developed by the team leader. The second relevant factor is that by reading 

each other’s stories, the team became more aware of different if 

interrelating views of the process under study. This was evidenced not only 

by the inclusive converged story, but also by the focussed rather than 

exploratory nature of the discussion in the face-to-face meetings, and the 

central role played by the stories in driving conversations, revealing the 

team’s comfort in dealing with information portrayed in this form.



 

 
 

 

 

Chapter 6  

Iteration 3: Improved Storytelling 

In this chapter we describe the third and final iteration of this research. We 

reflect on the results from the case study presented in the previous chapter 

and define the objectives for the third iteration of the research artefacts. A 

revised model and tool are proposed focussing on capturing richer stories 

depicting actual work procedures. We evaluate the revised artefacts by 

conducting a new case study where we apply our method to an organization 

seeking to document and model an existing business process. This case 

study is presented and discussed at the end of the chapter. 
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6.1  Preliminary Remarks 

The second round of experiments with the modelling tool has shown that 

the proposed model and modelling tool pose a viable solution for the 

collaborative elicitation and modelling of business processes. Results from 

the case study revealed that participants were able to independently record 

process stories with the tool that reflected their subjective views of the 

process at study. Individual process stories then served as basis for a 

collaborative effort that produced an inclusive, converged process story that 

provided a balanced, highly detailed account of the procedure. However, 

results also indicated that the proposed modelling method was not effective 

in fostering the development of rich stories that preserve contextualization 

and externalize tacit knowledge, which typically exposes experience-based 

reasoning and practices that deal with special or unforeseen circumstances, 

and in many instances drive de facto procedures. 

As discussed in the last case study, in striving to meet user needs 

(participants wanted to design a new business process), we have further 

improved the tool’s support for user controlled structural patterns, while 

implicitly deemphasizing the visual storytelling aspect of the modelling 

process, which some participants went as far as considering it an 

unnecessary hindrance. By doing so, we may have inadvertently favoured a 

more procedural view of the process being modelled.  

In the third design iteration, we aim to address this issue, by improving the 

proposed modelling method towards capturing rich stories. We define a 

rich process story as a story encompassing a business process description 

that preserves detail and context, incorporates humanistic factors such as 
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emotion or surprise, and may support and/or contradict sanctioned 

procedure. Our strategy for this iteration is to better support the creation of 

stories about specific case scenarios in detriment of the general process. 

This type of story is commonly associated with existing business processes 

that are well known to operators and to which they are more likely to form 

emotional attachments over years of work experiences. The rationale is that 

contextualized situations and tacit reasoning are more prone to emerge 

when recollecting memories of real, past events. 

An associated objective is to further improve the modelling tool’s ease of 

use in the context of the storytelling activity, creating an authoring 

environment that minimizes unnecessary interactions with the tool and 

assists the user in focussing on the development of rich stories. 

Another objective is to provide support in the tool for the analysis of user 

stories. For instance, it should be possible to group stories into processes, 

and to obtain a comprehensive set of analytic data and metrics concerning 

each individual story and the process as a whole. 

Research artefacts will be evaluated through a case study involving the 

modelling of an organisational process using the proposed storytelling 

method and modelling tool. The case study will be designed on the same 

premises as in the previous iteration, with a focus on addressing the issues 

that were identified in the last case study. We stress that we want to develop 

better process models, so one particular concern is to evaluate our 

storytelling approach in comparison with the traditional workflow-based 

approach.  This aspect will be addressed within the case study. 
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6.2  Alterations to the Design Artefacts 

Following the evaluation of the second design iteration, one identified 

shortcoming of our method was that, due to the increased control passed 

on to the user on story structuring, the task of telling a story using the tool 

became overly complex. An undesirable side effect was that, by forcing the 

users to think about the story structure, their time was being spent 

designing precise structural patterns instead of building rich stories. Some 

effort was initially devoted towards eliminating the visual disparity between 

designing the scenes in the story and at the same time analysing the story 

structure. This discrepancy is forced by the modelling tool as it uses 

separate interfaces for each activity. The first research efforts were devoted 

towards solving this issue. These are addressed in the next section. 

6.2.1 First internal design cycle 

In the first internal design cycle, a functional revised version of the 

modelling tool was developed that merges the two viewing modes, exposing 

the story structure during scene creation. Figure 6.1 shows the revised 

interface for creating scenes. The top part of the screen features a two-

column layout with the picture representing the scene at the left and the 

scene details at the right (scene metadata is kept from the previous 

version). The bottom part provides a fluid visual representation of the story 

integrating scene pictures with the story structure. The visualisation is an 

interactive animation based on HTML 5 and D3, a dynamic representation 

approach for the web (Bostock et al. 2011). With the help of D3, we use the 

structural relationships between scenes to build a force directed graph that 

the user can interact with. Nodes in the graph represent the scenes in the 
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story and edges represent SceneFlows connecting adjacent scenes. Animation 

dynamics are determined by a repulsive charge force associated to each 

node balanced by a gravity force that helps keep nodes within the viewable 

area. Each node shows the picture representing the scene along with its 

title, which is displayed in green for opening scenes and in red for ending 

scenes. The user can drag the pointer to focus on specific areas of the 

graph and click on a picture to zoom a node and load the scene details to 

the top pane for editing.  

While the revised version of the modelling tool was effective in bridging the 

gap between the view of a scene and the story structure, testing has shown 

that it amplified the focus on structure and flow-based thinking, further 

diverting the user from devising rich stories based on dialogue and 

narrative. For this reason, this solution was discarded, and research efforts 

were concentrated on pursuing the main objective of the third design 

iteration – to provide better support for the creation of rich business 

stories. Enhancements to the tool’s UI were however retained and 

integrated in subsequent internal design iterations towards improving 

support for the authoring of rich process stories. 
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Figure 6.1: Merging the scene building view with the story structure – first revision 

of the modelling tool in the third design iteration. 

6.2.2 Supporting episodic storytelling 

The structure-centric nature of the tool’s modelling environment since the 

second design iteration was partially a by-product of needing to support the 

modelling of processes as a whole, i.e., a stories featuring comprehensive 
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procedural descriptions covering all possible scenarios, which lack context 

and are typically associated with new (future) business processes. In 

contrast, the focus of the third design iteration has been, as stated, to 

support the creation of rich stories describing existing organisational 

procedures. In this iteration, the user is presented with a new choice when 

creating a new story – to tell a story about “how you usually deal with a 

process”, or to tell a story about “a specific case that happened” (see Figure 6.2). 

 

Figure 6.2: Interface showing the stories created with the tool. At the top, the user 

can initiate a new story by selecting one of two different strategies: to describe a 

general procedure or to recollect a specific event that has happened. 

The two options that are presented to the user expose two alternative 

storytelling strategies that are supported by the tool. The former is kept 

from the second design iteration and its purpose is to support the case 
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where the storyteller wants to take a context-free perspective and present a 

general depiction of an organisational procedure, describing the most 

relevant activities, events, and variations; the latter corresponds to a new, 

quite opposite strategy: to tell a story (a first-person account) about an 

event that has actually happened at work while performing an 

organisational procedure of interest. The two types of stories are 

differentiated in the tool under the Type column in the list of stories. As 

depicted the figure, the list intermixes stories of type Model (generic process 

descriptions) and Episode (context-based reports based on a specific use-

case). Following the focus of our research efforts, the remainder of this 

chapter elaborates on the creation and evaluation of stories of the latter 

type. 

Considering the prime objective of the third design iteration and the 

nature of episodic stories in particular, our strategy does not enforce 

explicit structuring when creating this type of story with the modelling tool. 

The user is thus free and welcome to take the natural approach of telling 

their story as a sequence of scenes (the structure represented in Figure 5.9 

on section 5.2.2). Since the story is focussed on a single procedural path, 

fewer constraints are posed to the storyteller and the approach becomes 

more practical. Nonetheless, the revised modelling tool retains support for 

explicit structuring of episodic stories. In order to achieve some level of 

continuity between the two storytelling strategies, this was accomplished in 

a similar manner as in model-type stories (described in the previous chapter 

and henceforth referred to as generic stories), by linking the structuring 

patterns to the types of situation portrayed in each scene. The 

differentiating factor and major contribution in the new design iteration is 

that, in episodic stories, a single path is considered when referencing and 
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applying supported workflow patterns. Because the same basic mechanism 

is used to structure the story regardless of type, the same storytelling model 

can be used by both generic and episodic stories. 

In order to better elucidate how support for workflow patterns is 

accomplished in episodic stories, let us consider a simple binary decision, 

represented by an exclusive choice pattern (described in section 5.2.1.2). 

The pattern is represented in Figure 6.3 at the left, and can be applied in a 

generic story by using one or more scenes to describe each task, and one 

approve/decide scene that is equivalent to the exclusive gateway in the 

pattern. In the storytelling model, SceneFlow entities are used to link the 

scenes. In particular, two SceneFlow entities are needed to connect the 

decision scene to each alternative outcome. With the episodic approach, 

two stories are needed to describe the same pattern. The reason is directly 

related with the nature of this type of story, where a story is devoted to retell 

a concrete procedural case, in which one path has been chosen at each split 

point in the story (in the figure, at the top and bottom left, two alternative 

paths have been chosen in two separate stories about the same process). By 

combining a representative, diverse set of stories, complete workflow 

patterns such as the one described above start to emerge, and the general 

procedure can be extracted. 
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Figure 6.3: Supporting the exclusive choice pattern in episodic stories. At the left, 

the exclusive choice pattern as represented in generic stories (each task may map 

to one or more scenes); at the right, two episodic stories are needed to describe 

each scenario separately.  

6.3  Revised Modelling Tool 

In the previous chapter we presented our prime concerns regarding story 

and scene composition with the second design iteration of the research 

artefacts. They were 1) getting users to produce narrative content outlining 

the organisational procedure; and 2) setting the authoring environment 

“out of the way” of the storytelling by simplifying the tool’s interface. In the 

current iteration, we retain the latter objective, but deemphasize all 

workflow-related aspects of the organisational procedure, focusing instead 

on the essence of storytelling. In the following subsections we describe how 

scenes are composed in an episodic story. Although the use of the various 

scene types allow for the extrapolation of structure from the combination 

of several stories (as explained in the previous section), we stress that our 

strategy does not impose this type of approach when telling an episodic 

story using the tool. 
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6.3.1 Composing a working scene 

As in the previous iteration, a working scene is created in the same manner 

as in all of its subtypes: casual meeting, formal meeting, sign document, 

communicate, and unknown activity. The interface is also retained from the 

previous iteration, with the exception of the label for the scene’s narrative 

content – the “Caption/Notes” label is replaced by the more enticing “What 

happens in this scene?” The objective is to focus the user into a narrative 

mind-set, encouraging a step-by-step, colourful rendition of the action and 

events surrounding the scene. 

In pursuing the second objective outlined in the previous section, the 

working scene was designed with generality in mind, so that it could be used 

for most situations without requiring the cognitive effort to classify the 

scene being depicted. In doing so, the storyteller is left free to devote their 

attention to creative aspects and focus on the content of the story. The 

interface for the working scene is depicted in Figure 6.4. The entity 

structure created by the modelling tool upon saving an episodic working 

scene is the same as in the previous iteration (explained in section 5.3.1 

and illustrated in Figure 5.13). 
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Figure 6.4: Composing a working scene (episodic story). The interface is mostly 

retained from the second design iteration. 

6.3.2 Composing an approve/decide scene 

When telling an episodic story, the approve/decide scene refers to a 

decision that has taken place in the context of an organisational procedure. 

Therefore, more than characterizing all possible paths that could have 

materialized at that point in the story, it is most relevant to communicate 

what has been decided in the particular situation being depicted, and to 

present a contextualized explanation as to why and how that decision was 

reached. As exhibited in Figure 6.5, the tool presents a simple interface in 

which the user is asked what was decided in the scene.  
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Figure 6.5: Composing an approve/decide scene (episodic story). All but the chosen 

path are irrelevant to the story. 

The user may indicate a simple yes/no approval or elaborate further on the 

decision process in the narrative area. The remaining input fields are 

devoted to the characterization of the scene, which is common to all scene 

types (number of actors, dialogue, and so forth). 

Two entities are created by the modelling tool upon saving an approve/decide 

scene in an episodic story. These are the second and third entities from the 

left depicted in Figure 6.6. The tool creates the new approve/decide scene, 

together with a SceneFlow of type SequenceFlow connecting the previous scene 

to the new scene. The tool retains information concerning the 

approve/decide scene, and when the next scene is saved, a SceneFlow of type 
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SequenceFlow is created connecting the approve/decide scene to the next 

scene. The name field (labelling the connection between the scenes) is set 

in accordance with the characterization of the approval scene provided by 

the user. 

 

Figure 6.6: Generated structure when saving a new approve/decide scene (episodic 

story). Only the second and third entities from the left (highlighted in bold) are 

initially created by the tool. 

6.3.3 Composing a waiting scene 

When creating a waiting scene in an episodic story, focus is given to the 

context surrounding the waiting activity. As depicted in Figure 6.7, the user 

is asked to, in addition to the narrative description of the scene, identify the 

general reason for the waiting period (time-based or event-based), to 

communicate the actual time the actor has waited, and to inform whether a 

business artefact was received within that period. This approach contrasts 

with the process of creating a model-driven waiting scene, where both 

possible outcomes must be specified in the case of an event-driven waiting 

scene (revisit section 5.3.3. for comparison). The structure generated by the 

tool when saving a waiting scene in an episodic story is similar to what is 

done with working-type scenes. For event-based scenes for which the artefact 

is not received in time, the SceneFlow connecting the waiting scene to the 

next scene is labelled “Time Expired”. 
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Figure 6.7: Composing an waiting scene (episodic story).  

6.3.4 Composing a send or receive scene 

Following a similar approach to the other types of scene, the send scene is 

centred on the context surrounding the interaction depicted in the scene. 

As portrayed in Figure 6.8, the user is asked to identify the sender and 

recipient, as well as the business artefact that has been sent. In the receive 

scene, the tool attempts to procure the reciprocal data.  
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Figure 6.8: Composing a send scene (episodic story).  

Since the purpose of an episodic story is to document a first-person account 

describing a single path within the depicted organisational procedure, the 

leading actor is typically the same throughout the story. Hence, the tool 

treats both the send and receive scenes as normal sequential scenes. When 

saving these types of scenes, no structure is created for modelling the 

exchange of messages between actor pools. Unlike in model-driven stories, 

a standard SceneFlow of type SequentialFlow is used for connecting the scenes. 
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6.3.5 Validating and visualizing episodic stories 

Considering that all episodic stories are structured as a sequence of scenes, 

all stories of this type containing at least two scenes (an opening and an 

ending scene) are necessarily valid according to the tool requirements 

enlisted in section 5.3.7. While still functional, the tool’s story structure 

visualisation feature will always show a sequential flow of scenes. Since an 

equivalent effect can be achieved by simply browsing the quick navigation 

pane in the scene editing interface, this feature becomes less relevant when 

developing this type of story. 

Regarding the visualisation of episodic stories, the same mechanisms from 

the previous iteration are made available in the tool – the PDF booklet with 

the frame-by-frame representation of the scenes (which in this case 

becomes more practical due to the sequential nature of episodic stories), 

and the interactive scene-by-scene browsing of the story. 

6.4  Evaluation 

Even though the last evaluation round provided good indications about the 

viability of our approach, we lacked insights from a more thorough study 

demonstrating the utility of process stories, which are typically episodic in 

nature. The current study aims to cover this gap. We are specifically 

interested in answering the following research questions:  

RQ-IT3-1: Are end-users capable of eliciting meaningful business processes 

without the participation of expert modellers? 

RQ-IT3-2: Is business process context extractable from process stories? 
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RQ-IT3-3: How do process stories improve the modelling of business 

processes? 

6.4.1 Case study design 

We followed case study research methodology from Benbasat et al. (1987) 

and guidelines from Runeson and Host (2009). Throughout this section we 

address site selection, unit of analysis determination, case study protocol, 

ethical considerations, data collection, triangulation, metrics, data analysis, 

and validity.  

We considered three major requirements for the case study design that 

drove the choice of the target organisation and selected business process. 

These are described in the following paragraphs. 

The first requirement concerned process complexity. We needed a 

minimum level of complexity for the process being analysed to avoid 

investigating a near-trivial problem and to maximise the potential for 

grabbing contextually rich business stories. As such, we needed a process 

with multiple lingering steps, several task interdependencies, and also 

requiring problem solving. Most importantly, the process should summon 

the participation of various people across different business units. The 

intervention of participants from different units is usually a good source of 

complexity and enables the emergence of different, complementary and 

often conflicting, personal views, which again are recognisable sources of 

complexity.  

Another requirement we had to consider concerned modelling bias. The 

study participants should not possess any specific expertise in computer 

science that would bias the modelling task, other than basic computer 
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literacy and experience with worksheet software. The main reason was that 

in the previous study we found out that process modelling may have been 

affected by the participants’ background in that field, which may have 

contributed to an emphasis on abstraction and decomposition.  

The third requirement was that the target organisation should be looking 

to model existing process knowledge. This again contrasts with the prior 

study where the participants were seeking to develop a completely new 

process. As already mentioned, the focus on new process knowledge seems 

to emphasise prescriptive rather than descriptive process stories. Hence, for 

the current study, we were looking for study participants with an interest in 

documenting an existing process and no immediate plans for process 

reengineering or enactment.  

The selected organisation was the Polytechnic Institute of Setubal, 

hereinafter referred to as IPS, and the unit of analysis was the process by 

which a student requests and receives a course certificate or diploma upon 

completion of a study cycle. This process will be named the “diploma 

process”. The study’s participants were administrative staff belonging to the 

IPS Academic Division (AD), which is the process owner.  

The AD is organised in three separate working units. The Front-Office 

establishes the interface between the AD and the students. Its 

responsibilities include receiving student requests, preliminary checking 

several requirements, communicating with administrative personnel, and 

following-up on processes by contacting students whenever necessary. The 

Treasury Office handles all payments made to the AD, including tuitions 

and request emoluments. The Back-Office unit processes the requests. This 

comprises validating all requirements, contacting staff from other 
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organisational units to track missing information and to comply with 

mandatory rules, emitting legal documents, and managing electronic 

records.  

This study had the participation of all AD’s staff, totalling 16 individuals. 

This included the head of the AD (designated Chief of Division), and 

fifteen workers allocated to the three units outlined above: five persons in 

the Front-Office, three persons in the Treasury Office, and seven persons in 

the Back-Office. Among the latter group, one person designated as Back-

Office Coordinator is responsible for the operations at the AD and reports 

directly to the Chief of Division. Excluding the Chief of Division, all 

participants used the modelling tool.  

Participants used the tool as an authoring environment for telling business 

stories. Other than a brief presentation session, we avoided direct contact 

with participants, and used second-degree data collection techniques to 

obtain the user stories and associated data (Lethbridge et al. 2005). The 

participants in this study created their stories autonomously and data was 

collected at a later time from both the tool’s print outs and raw usage logs. 

We resorted to a goal-based metric technique similar to the methodology 

proposed by (Basili and Weiss 1984) to analyse the data. The specific 

measurement goals were aligned with the research questions established for 

this study. We then specified several questions and metrics necessary to 

evaluate the goals. The research questions, goals, questions and metrics 

involved in the data analysis are shown in Table 6.1.  
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Table 6.1: Goal-based measurements 

RQ Goal Questions Metric Type of Data 
Measurement 

Scale 

1 
Evaluate 
meaningfulness 

Did the 
subjects create 
detailed 
stories? 
Could 
workflows be 
derived from 
user stories? 

Number of scenes Quantitative Ratio 
Scene density (no. 
of scenes vs. no. of 
process activities) 

Quantitative Ratio 

Word count 
(narrative) 

Quantitative Ratio 

Word count 
(dialogue) 

Quantitative Ratio 

Structural 
complexity 

Qualitative Ordinal 
(Low/Mediu
m/High) 

Story verifies process 
validity 
requirements 
(Antunes et al. 
2013) 

Qualitative Nominal 
(Yes/No) 

2 
Evaluate 
contextualization 

Did 
participants 
express 
contextual 
judgement? 
Were 
unexpected 
situations 
depicted? 
Was 
contextualized 
knowledge 
applied? 
 

Presence of 
personal views/ 
emotional elements 
in the dialogue/ 
narrative 

Qualitative Nominal 
(Yes/No) 

Depiction of 
unexpected 
situations 

Qualitative Nominal 
(Yes/No) 

Detachment from 
prescribed 
procedure 

Qualitative Nominal 
(Yes/No) 

3 Evaluate model 
richness and 
adequacy 

How detailed 
were the 
activities? 
How many 
distinct 
scenarios were 
portrayed? 
Does the 
model verify 
organisational 
requirements? 

Number of activities  Quantitative Ratio 
Number of 
organisational roles 

Quantitative Ratio 

Number of decision 
steps 

Quantitative Ratio 

Model reflects 

intended procedure  

Qualitative Nominal 

(Yes/No) 

To ensure validity, the case study design was developed with knowledge and 

feedback from the Chief of Division. Furthermore, the study also received 

explicit agreement and commitment from all participants. This ensured 
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that the study was aligned with the IPS goals and the target process and 

activities were considered adequate and relevant both for our research and 

the target organisation.  

The participants were briefed on the study protocol, including timings and 

data acquisition procedures. Ease of communication and alignment 

between researchers and participants’ views on the case study were also 

favoured by selecting a familiar target organisation, i.e. the researchers had 

in-depth knowledge about the organisational culture and the participants 

were also aware of the constraints imposed by research practice.  

Reliability and internal threats to validity were addressed as follows. We 

ensured that subjects understood the tasks they were about to perform by 

running a preliminary session with all participants where tasks were 

explained and the tool was demonstrated (more on that later). By not 

intervening during the modelling activities, we also ensured that the 

researchers did not influence the participants during the creation of their 

stories. Factors that could affect causal relations were also isolated, such as 

whether the participants were correctly using the tool, and the tool’s 

adequacy for authoring business process stories.  

We used different forms of triangulation to increase the quality of data 

analysis. We gathered data from multiple sources, namely from the tools’ 

print outs (storyboards and structure diagrams), from raw system logs, and 

from participant feedback. We took both quantitative and qualitative 

measurements whenever possible, and data was analysed independently by 

two researchers.  
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Ethical considerations included informed consent from all participants, 

who were briefed on the associated risks, privacy issues, and possible 

benefits brought by the study to the organisation. As an added measure for 

ensuring a reasonable level of confidentiality, we configured the tool to 

optionally submit anonymous stories. This procedure was deemed 

appropriate considering the sensitive content potentially held in stories, 

such as diverting from established rules or even critiquing accepted 

practices.  

Data gathering was conducted in three phases (see Figure 6.9). The 

preliminary phase consisted on a single, on-site motivational session with all 

participants, presenting the process story concept and having a quick 

hands-on demonstration of the tool use, with time for answering questions. 

This session lasted approximately one hour.  

In the second phase, the participants involved in the storytelling activities 

(all but the Chief of Division, totalling 15 individuals) were split into four 

groups of three to four persons. On a certain day, a group would be asked 

to individually use the modelling tool to tell a story about a concrete 

situation that involved the diploma process. Each session was then finished 

with a short group discussion about modelling with storytelling. These 

sessions lasted about one hour and ten minutes, with about one hour 

dedicated to working with the modelling tool.  

This arrangement, having participants working individually in small group 

sessions, was necessary to allow the organisation to keep functioning, while 

at the same time avoiding low participation levels. These sessions were held 

during office hours.  
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The groups were intentionally kept small to facilitate support to users, 

should any problem arise. When the participants where developing their 

process stories, we restricted our interventions to resolve minor issues 

related with tool usage, avoiding any interference on anything related to 

how they would do it.  

As we were interested in learning how participants reacted to the modelling 

method, we observed them during the sessions. Whenever relevant 

reactions, comments or dialogues were identified, we took silent notes. This 

qualitative data is reported together with the case results in the next 

sections, whenever appropriate.  

The participants were allowed to submit more than one story; and they 

were also allowed to attend more than one session, if necessary to finish 

their stories. In between sessions, the tool was available on the Internet and 

participants were encouraged to use it to complete or submit additional 

stories.  

In parallel with the group sessions, we interviewed key staff to gather 

information about the diploma process. Our aim was to build a reference 

process model using traditional methods. Besides the interviews, we also 

witnessed running processes and analysed data records.  

In the third phase of this study, we reconciled the various individual stories 

and built an integrated process model based on the converged narrative. 

This model was then analysed against the reference process model in order 

to assess on whether the storytelling-based elicitation retained the essential 

characteristics of the process.  
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Figure 6.9: Field procedures 

6.4.2 Case description and results 

The selected business process concerns obtaining a course certificate for a 

study cycle, which can either be an undergraduate or a masters course. In 

both cases, the process begins with a student approaching the academic 

division’s front office (henceforth referred to as FO) with a request for a 

certificate. The worker attending the student then performs a number of 

verifications to ensure that all requirements have been met and the 

certificate can be issued. These include confirming that all course subjects 

have been completed, the respective marks have been issued, and that all 

tuition fees have been paid. The student’s identity must also be validated 

and in case the request is being made on the student’s behalf, the requester 

must produce a valid authorisation. Once the request is validated, the 

student is forwarded to the academic division’s treasury office (TRE) to 

proceed with payment. The treasury worker will later on hand over the 

process to the coordinator, who will distribute it to one of the 

administrative staff from the back office (BO). Thenceforth, the BO 

operative who receives the process checks again the student’s academic 

history, calculates the course average mark, and issues the certificate. The 
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operative then hands over the process to another BO staff member who 

checks all data for errors and sends the certificate to the Chief of Division, 

who in turn signs the certificate and sends it to the Dean’s office (DO) 

administrator. The DO administrator signs the certificate and sends it back 

to the BO, where it is processed and mailed to the student by the same 

worker that originally handled the request.  

As described in the previous section, the data gathering process was 

organised in three phases, as outlined in Figure 6.9. The following 

subsections present the results from each of those stages. 

6.4.2.1 First phase – motivational session 

From the initial motivation session we learnt that motivation amongst the 

fifteen participants was low to moderate, with few subjects expressing high 

enthusiasm towards this study. A stressful working environment where 

complaints are common, problems are often difficult to solve, and rules are 

not strictly defined, explained this. This scenario highlights that the 

diploma process, as described above, is an oversimplified description of the 

“happy path” (Correia 2014), thus missing many exceptions and variations.  

About one third of the participants in the motivation session thought the 

tool would be difficult to use, with the rest of the group remaining 

cautiously optimistic. Two subjects were particularly apprehensive as they 

thought they would not be able to use the tool at all.  
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6.4.2.2 Second phase – building process stories with the tool  

Regarding the second phase, we recall that we divided data collection in 

two parallel streams. We now report on the storytelling sessions (phase 2.a 

in Figure 6.9).  

Three participants revealed resistance in telling concrete details about their 

working practice, stating that the operating procedure was standard and 

thus there would not be anything to tell in a story. Even after some debate 

by the end of the sessions, they generally defended that there were no 

special cases featuring unexpected circumstances, so the stories would be 

uninteresting and redundant. However, the other participants were more 

enthusiastic about their stories. In one situation, interesting group 

behaviour emerged in which one participant belonging to FO was vocally 

commenting on the FO’s viewpoint whilst composing the story with the 

tool. Our study protocol did not prohibit it, so we considered the 

phenomenon part of the modelling activity and kept to our observer status. 

The discussion that was sparkled around the peculiarity of the story led a 

fellow participant from TRE to submit an additional story to complete the 

original account with further details from the treasury office. However, 

interactions amongst the participants did not occur in other sessions.  

By the end of phase two, we received a total of twenty individual stories 

created with the tool. Of these, three stories described other processes in 

the organization and were thus not considered for all metrics specific to the 

diploma process.  

Every participant was able to compose at least one relevant business story. 

About half of the participants asked for assistance during the modelling 
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sessions but most of the times to clarify minor usage issues that were 

immediately addressed. Two participants were unsure how to structure their 

stories and asked how detailed should each scene be. Owing to our study 

protocol, we refrained from interfering and stated that any option would be 

acceptable. 

Table 6.2 summarizes the collected data using the measures defined for our 

first research question. Detailed data is provided in Appendix E. We are 

able to report that the participants used narrative and dialogue as the 

primary means of telling process stories. The total word count (narrative 

plus dialogue) for the process stories averaged 205.9 words, with a slight 

predominance of narrative over dialogue (118.3 versus 87.7). Standard 

deviations were moderately high at 121.8 for the total word count, and 58.9 

and 78.9 for the narrative and dialogue word counts, signalling ample 

variations in the use of textual content. Interquartile ranges show a typical 

variation across stories of 69 words in narrative content and 92.5 words in 

dialogue. In both cases, as in the number of scenes, the mean and median 

values are fairly close and the nonparametric skew is inferior to 0.15. The 

only possible outliers are word counts for narrative and dialogue in story 5, 

(274 and 319, respectively), which rise higher than 1.5 interquartile ranges 

above the third quartile. Most stories contained a relatively small number of 

scenes (they averaged 5.7 scenes per story with a standard deviation of 3.0), 

each using a roughly even combination of narrative and dialogue to 

describe multiple activities in the process. Despite the low number of 

scenes, many stories featured high scene density, which we define as the 

number of identified process activities per scene. Twelve of the process 

stories included scenes encompassing five or more activities, and one of the 

stories was completely contained in one scene with 11 activities. Conversely, 
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in some stories, a small subset of scenes did not map to any specific 

activities and were used for setting the context or detailing findings (stories 

11, 20), or explaining thought processes (stories 2, 13, 14). These results 

are also relevant for RQ-IT3-3 and are further detailed in section 6.4.2.4 

with the results from phase 3. 

None of the participants used explicit control mechanisms to structure 

their stories, relying instead on textual descriptions provided in scene 

metadata. These results support the view that the participants described 

actual procedures in concrete, real situations, rather than general views or 

idealized procedures. It also supports the view that, unlike participants with 

background in computer science (as in our second set of experiments), 

business people seem to be less focussed on coordination. In short, the 

participants told process stories according to their specific work context, 

not according to the business process as a whole. We observed that the 

complete process could only emerge from the reconciliation of several 

stories in phase 3. We based our qualitative assessment regarding structural 

complexity on how many actors intervened in the story, and the number of 

decisions contained in the identified activities impacting process flow. For 

instance, story 3, which rated medium in structural complexity, featured 

three actors and described two relevant process decisions. All recorded 

stories verified the defined process validity requirements. 

Regarding the metrics for RQ-IT3-2, we now analyse the depiction of 

unexpected situations and the presence of personal views in the stories 

(summarized data is shown in Table 6.3). Detachment from prescribed 

procedure will be analysed together with the results from phase 3.  We 

found that fifteen of the twenty stories described unexpected situations, 
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which shows that participants, when recounting concrete events in their 

work routines, were more prone to choose and highlight atypical situations, 

detailing the circumstances that led to unanticipated scenarios, and 

exposing the contextual reasoning that steered their actions. 

Table 6.2: Collected data per story (n=20) at the end of phase 2.a (metrics for RQ-

IT3-1). M = mean, SD = standard deviation, Q1 = first quartile, Mdn = median, Q3 

= third quartile 

Variable M SD Q1 Mdn Q3 

Number of 
scenes 

5.7 3.0 3 5,5 7 

Word count 
(narrative) 

118.3 58.9 82 115 151 

Word count 
(dialogue) 

87.7 78.9 26.5 76 119 

Variable Low Medium High   

Structural 
complexity 

5 8 7 
  

We found that eight of the stories included emotional elements in the 

narrative or dialogue, such as anger, disbelief, empathy, or 

condescendence. For instance, in one story the parents of a student try to 

obtain their son’s course certificate, but the FO operative discovers that the 

student is missing several disciplines and is still attending the first year. 

Unable to give out such information to the parents, the operative consults 

the BO coordinator and upon return denotes that the request cannot be 

accepted because “not all grades have been issued” (directly cited from the 

story’s narrative).  
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As shown in Figure 6.10 (left), the operative tries to empathize with the 

parent, saying that it would be “easier” if he gets a power of attorney. The 

narrator signals the operative’s discomfort, indicating that the operative was 

“trying to avoid an awkward situation”. The parent was however not satisfied 

and “contested the necessity for a power of attorney”. The irritation behind 

the parent’s reply in scene 3 further builds in the following scene (not 

shown in the figure for lack of space): in the dialogue, the operative states, 

“The student is of age”, to which the parent retorts: “Can you tell us our 

son’s situation?” The parent’s indignation is confirmed in scene 5 (shown 

right in the figure). 

 

Figure 6.10: Excerpts from a story exposing personal views (story 9, scenes 3 and 5, 

translated to English). 
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In Figure 6.11 we show another example of a scene bearing emotional 

traits. In this instance, an aggravated student repeatedly insists on being 

sent both a course certificate and a course diploma, even though the 

existing procedures dictate that course diplomas are handed separately, on 

a public ceremony. After some debate with the attending operative, the 

operative reluctantly concedes to the student’s request and works with the 

back-office colleagues to accommodate this special request. The narrative 

passages associated with this particular story and the titles given to the 

scenes complement the emotional elements in the dialogue by framing 

them in the developing storyline, and underline the reasons behind the 

student’s anger. Among the narrator’s remarks, we can read: “The student 

was unaware that he would not be taking the diploma”, and “The student 

insists that he needs the diploma because he is going to work abroad”. 

  

Figure 6.11: Excerpt of a story conveying emotion (story 18, scene 8, translated to 

English) 
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Table 6.3: Collected data per story (n=17) at the end of phase 2.a (metrics for RQ-

IT3-2). Three of the twenty stories were not considered because they do not 

describe the diploma process. 

Variable No. of stories 

Personal views/emotional 
elements 

8 

Unexpected situations  15 
Detachment from established 
procedure (adds to procedure) 

17 

(contradicts procedure) 6 

6.4.2.3 Second phase B – traditional modelling  

Parallel to the individual storytelling sessions, in phase 2 we also 

interviewed the Chief of Division, the back-office coordinator and an 

experienced member of staff to model the standard diploma process using 

conventional methods (phase 2.b in Figure 3). We found out that there 

were no written procedures for the diploma process. We therefore put 

together the process model from interviews, observation and document 

analysis. The Chief of Division offered a broad, top-level report of the 

happy process and even showed an application used to monitor the 

diploma processes being handled by the academic division. The Back-Office 

coordinator and staff member provided more thorough information, 

detailing each step in the process and describing the specific requirements 

for accepting requests, verification lists, service options and pricing, and 

prescribed procedures across multiple scenarios. These descriptions were in 

accordance with the more general account provided by the Chief of 

Division and were remarkably similar, despite being highly detailed. Further 
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analysis of these results and especially the reference process model created 

in this stage, will be presented in tandem with the discussion of phase three. 

6.4.2.4 Third phase – story conciliation and model integration 

In the third phase we conducted a thorough analysis of the process stories 

and combined them into a unified, generalized process story. We divided 

the individual stories into three segments, according to the type of content 

that was processed: 1) student attending (ATT), covering all activities 

related to dealing directly with the student and checking prerequisites; 2) 

payment handling (PAY); and 3) request processing (PRO), wrapping all 

activities leading to issuing a certificate and delivering it to the student.  

We found out that the participants dedicated varied levels of attention to 

these story segments, giving ample “story time” to the description of 

activities that were directly tied to their work responsibilities, while 

deemphasising or completely ignoring other parts of the process. The level 

of detail given to each segment followed the same trend – as it is shown in 

the lined scatter plot in Figure 6.12, the level of detail across segments was 

heterogeneous in all stories, with participants from the FO and BO groups 

giving more detailed accounts of the ATT and PRO segments, and subjects 

from treasury providing more thorough descriptions of the corresponding 

segment in their stories. In story 17, we could observe highly detailed 

explanations in both the ATT and PRO segments, which was explained 

when we found that the author of story 17 collaborated closely with both 

groups (that particular story was created by the BO coordinator). None of 

the stories that focus on the PAY segment provided detailed accounts of the 

remaining parts of the process, due to the relatively independent role of 

the treasury group within the academic division (all stories were created by 
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subjects from TRE). As we will see subsequently, we were able to combine 

elements from all stories to obtain a balanced, highly detailed converged 

description across the three story segments. 

 

Figure 6.12: Level of detail for each segment in the stories. Solid lines show the 

coverage of process segments across individual stories. (Stories 4, 15, 20 were not 

considered because they do not describe the diploma process). 

To produce a combined story from the various individual stories, we first 

created a BPMN model for each individual story. To the best of our 

knowledge, there is no proposed methodology to transform and integrate 

scene-based process stories into standard process models. Our approach is 

similar to the technique proposed by (Kabicher and Rinderle-Ma 2011), 

built on content analysis from written process descriptions and aggregation 

of elicited process activities. Based on a preliminary analysis of the stories, 

we identified the three story segments outlined above. We then classified 

groups of scenes into each story segment and analysed narrative and 

dialogue content, actors, artefacts, and additional metadata in each scene 

in order to identify key process elements – activities, roles, decisions, and 
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events. We then used these elements together with the structure embedded 

in the story and the sequencing of scenes to form one process model per 

story.  

By comparing the number of activities in the synthesised models with the 

number of scenes in individual process stories, we can conclude that scenes 

do not map directly to activities. Most process stories display high scene 

density, with each scene encompassing multiple activities (six to seven in 

some cases). At the other end of the spectrum, there are scenes that do not 

translate to any activity, as they are used to describe the context, explain 

findings, or depicting interactions through dialogue. Looking at the 

breakdown of activities per story segment, we found out that stories were 

typically focused on specific parts of the procedure, which is consistent with 

the fact that the participants were describing concrete scenarios that 

happened in their daily routine. All but one story ignored at least one of 

the segments in the complete procedure, and ten stories were completely 

dedicated to a particular segment. The standard process elicited in phase 

2.b through traditional process modelling methods was in average more 

detailed than the stories in all segments (if we discard the stories that did 

not address each segment, it was still above average in the ATT and PRO 

segments), but was surpassed by individual accounts in all segments. 

However, the standard process embodied more decision steps than any of 

the individual accounts. 

Interestingly, all individual stories included situations or details that were 

not present in the standard process. For instance, story 13 depicts a case 

where a student requests a duplicate course certificate due to a name 

change, a situation that the standard process does not predict. In contrast 
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with the more high-level description in the standard process, stories 2 and 

16-19 provide ample details regarding verifying a students’ application for a 

course certificate, which cover different situations where thorough analysis 

is required, as well as various steps necessary to overcome typical problems 

with the students’ applications.  

Furthermore, six of the stories contained elements that went as far as to 

contradict prescribed procedure. For instance, in stories 17 and 18 students 

are allowed to request a course certificate even though the services cannot 

verify that all courses have been completed. In both stories, the attending 

operatives ask a student to provide a signed declaration acknowledging that 

the certificate would only be issued upon confirmation that all course 

marks had been issued. Story 18 deviates again from the standard process 

when a student insists on being mailed both the course certificate and the 

course diploma (recall the scene illustrated in Figure 6.11). 

Once all individual process stories were converted to process models, we 

integrated the various models into a converged process model with 

information from all stories. We handled different labelling of activities and 

artefacts by identifying common elements in overlapping stories, analysing 

their frequency of occurrence and adopting inductive elaboration of labels 

(derive labels from text and generalize). We handled variations in 

granularity in two steps. The first step, summarization, was performed when 

converting each process story into a process model. Neutral or decorative 

textual elements were removed and a summarized activity description was 

produced from dialogue passages and narrative content in the scene. The 

second step, aggregation, took place during model integration. Its objective 

was to combine overlapping activities while preserving detail. Multiple, 
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complementary accounts of a procedure were unified into a unique 

sequence of activities (as shown in Figure 6.13), while at the same time 

preserving variations using exclusive gateways (as exemplified in Figure 

6.14).  

 

Figure 6.13: Combining activity streams into a single sequence. Activities from 

story 6 are displayed top-left, story 7 is top-right, and at the bottom is the 

converged model (produced from scenes from two additional stories). 
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Figure 6.14: Combining alternative scenarios with an exclusive (XOR) gateway. 

From top to bottom: activities from story 2, 3 and 10, converged model. The 

excerpt from the converged model was simplified for clarity. 

The final converged process model contained 125 nodes including 34 

decisions. It incorporated individual contributions from 13 participants 

divided between different organisational roles. Table 6.4 shows 

measurements from story models (averaged), the prescribed procedure, 

and the converged model, using metrics and baseline data from Kunze et 
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al. (2011), based on a snapshot from the BPM Academic Initiative 

(BPMAI1) model collection. Data from the baseline model collection is 

comprised of 1903 heterogeneous process models of which 1210 are BPMN 

2.0 compliant. We use the number of nodes (NN) as the size metric, and 

three metrics for density: the coefficient of connectivity (CNC) as the ratio 

between edges and nodes, and the average and maximum degree of 

routing (AvgDR and MaxDR) as the average and maximum number of 

nodes a routing node is connected to.  

Table 6.4: Measurements from individual process models (avgd), the BPMAI 

model collection (avgd), prescribed procedure, and the final converged model. 

NN = no. of nodes, CNC = coefficient of connectivity, AvgDR = average no. of 

nodes a routing node is connected to, MaxDR = maximum number of nodes a 

routing node is connected to. 

 Model  Size NN  Density CNC  
Density 
AvgDR 

Density 
MaxDR  

Story Models 
(Avg) 

14.0 0.92 1.12 1.21 

BPMAI Model 
Collection (Avg) 

15.6 0.79 1.15 1.84 

Prescribed 
procedure 

38 1.08 1.67 2.0 

Converged 
model 

125 1.46 1.56 3.0 

These measurements show that the size of the diploma process (prescribed 

procedure) is considerable, containing more nodes than the BPMAI 

 
 

1 http://bpt.hpi.uni-potsdam.de/BPMAcademicInitiative. 
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models on average. Observed values for all density metrics are also higher 

on average. Measurements from individual story models are comparable on 

average to BPMAI models. These measurements also indicate that the 

converged model provided a more detailed, richer representation of the 

diploma process, with 35% higher CNC and 229% increase in the number 

of process nodes when compared to the prescribed procedure. 

Nonetheless, we note that there are some details that can only be found in 

the standard process, suggesting that a combination of traditional and 

storytelling may yield the best results. Specifically, the converged model 

does not describe the scenario whereby a student requests to pick up the 

certificate in person. It presents the mailing of the certificate to the 

student’s home address as the only option (recall Figure 6.13), in contrast 

with the standard process, which contemplates both scenarios. Apart from 

this subtlety, the converged model covers and surpasses in detail every other 

aspect of the standard process. This suggests that a relatively small number 

of process stories may be sufficient to model a business process.  

The analysis of some process stories also suggests that iterating over time 

instead of capturing stories in parallel may avoid missing process details. 

For instance, the converged model describes the procedure taken when 

missing tuition payments are detected by the administrators. If all 

verifications fail (details not given here for brevity), the student is given the 

opportunity to present an ATM receipt and only after failing to do so is the 

certificate request denied. While this is considerably more detailed than the 

standard process, which only states that requests with missing payments 

should be denied, the story reveals that there are details that remain 

unknown. For instance, it is unclear what conciliating steps would have 

been taken if the student had produced the requested receipts. The 
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gathering of additional process stories over time could capture such 

scenario.  

6.4.2.5 Limitations 

This evaluation action does not seek to provide a direct comparison 

between storytelling and traditional modelling methods. Although during 

the traditional modelling phase we carefully observed procedures and 

analysed process documents, we only reached out to select process 

operators in order to build the reference model. Therefore, it may be 

argued, it should be expected that there would be less elicited process 

activities. We acknowledge that limitation, but we note that stories gathered 

from subjects participating in both stages offered more detail than those 

offered during interviews. Additionally, we point out that the participants 

who were involved in establishing the reference model were precisely the 

ones responsible for defining the diploma process (Chief of Division) and 

implementing the prescribed procedure (Back-Office Coordinator and the 

experienced staff member). The fact that we were seeking to elicit the 

prescribed procedure was the main reason why we restricted this phase to 

key personnel. 

External threats to validity are also acknowledged, specifically the extent to 

which we can use our findings in the present study towards building a 

generalized approach to process modelling. We addressed this problem by 

identifying issues in previous studies that could impact the generalization of 

our results. Using a different organisation from previous studies contributes 

to mitigate biases, even though we recognise that a cross case analysis would 

have been beneficial. 
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6.4.3 Conclusions 

We now reflect on the results from the case study by reconsidering our 

research questions. 

Is it feasible for end-users to elicit meaningful business processes without 

the participation of expert modellers? The data we have collected clearly 

shows that end-users (the process operators) can indeed autonomously 

model their own work activities. Out of the twenty stories that were 

documented with the tool, seventeen depicted valid use case scenarios of 

the target process (two stories described other processes in the organisation 

and one story could not be mapped to a process description). Unlike our 

previous studies, the participants were able and keen to create business 

process stories whilst fully adhering to the approach. Despite being 

composed of relatively small sets of sequential scenes (ranging from 1 to 

12), the generated process stories relied heavily on dialogue and textual 

descriptions to convey the storyline. Individual stories averaged a combined 

total of 206 words between dialogue and narrative text, each depicting up 

to 27 process activities in between up to 6 organisational roles. As it was 

covered in the analysis, we were able to translate these stories into a unified 

BPMN business process model. 

Is business process context extractable from process stories? Business 

process context cannot be fully understood by analysing prescribed 

procedure alone. Part of that context stems from varying circumstances 

across process instances. As they are dealt with, workers become more 

experienced but this knowledge remains tacit in their minds and it is 

difficult if at all possible to articulate (Polanyi 1966; Baddeley 1992). 

Although we cannot assert that this tacit knowledge is being externalized in 
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process stories, they do contain elements showing that context information 

is being preserved as a form of situated recall, from which tacit knowledge 

can be more easily primed and shared (Brown and Duguid 1998; Bennet 

and Bennet 2008). They are (1) the presence of emotional elements within 

the narrative in eight of the stories, signalling a personal engagement of the 

author and transmitting information often untapped by traditional 

elicitation methods, such as the role of emotion (e.g. irritation, empathy) 

on making decisions impacting process flow; (2) the depiction of 

unexpected situations in almost all of the stories; with (3) corresponding 

contextualized descriptions explaining the actors’ reasoning and detailing 

their responses towards resolving those situations. The occurrence of the 

latter two items in the stories constituted a documented contextualized 

account on the behaviour of experienced workers when facing real-world 

situations in their daily routines. These behaviours, grounded on implicit 

knowledge stemming from years of experience, often deviated from 

approved practices and at times went as far as contradicting them, although 

preserving the intended outcome of the prescribed procedure. 

How do process stories improve the modelling of business processes? Our 

results indicate that stakeholder-centred storytelling is a valuable technique 

towards improving process elicitation and modelling. In this particular 

study, the creation of individual process stories by staff unveiled numerous 

de facto practices that were not captured by traditional process elicitation 

and modelling. These practices, while not featured in the standard process, 

are common in the work routine, and appeared in multiple stories with 

small variations and adaptations according to context. By analysing the 

different process stories we could observe that the operatives’ activities were 

supported on a mental model of the process (versus an opaque rigid set of 
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operating rules) and were driven by intention. For instance, the several 

stories that workers chose to externalise suggest workers understand the 

particular reasons behind the students’ unusual requirements when 

requesting diplomas. By collaborating with various units within the 

organisation and exerting contextualized reasoning, they seem to be in 

some circumstances able to tackle situations where prerequisites are not 

met, and still provide the service to the student. The fact that these 

operational practices were captured in the process stories shows that our 

method was successful in modelling the actual process versus an idealized 

version based on an abstract rule-based workflow. 

By combining different process scenarios detailed in individual stakeholder 

accounts, we were able to compose a highly detailed process model based 

on actual procedure, which constitutes a valuable artefact for evaluating 

and enriching the reference model. Finally, we note the converged model 

was presented to the Chief of Division, who apart from minor discrepancies 

validated it as satisfying the standard process. The reference model had 

already been validated at the end of phase 2.b. The organisation is currently 

undergoing steps to document its processes with the aim of meeting quality 

requirements and automating procedures for increased control and 

efficiency. 

 





 

 
 

 

 

Chapter 7  

Discussion 

BPM is seen as an opportunity to integrate various enterprise systems and 

use processes as “organisational glue” (McCormack and Johnson 2003; 

Ambrose and Morello 2004). Business process automation leverages 

organisations to become more organic (improved communication), 

sensitive to new societal trends (better response time) and take more profit 

from their knowledge assets (better collaboration). In order to make this 

possible we have to model business processes. Early approaches were 

revealed as too mechanistic and did not seem very successful in 

organisations, especially in managerial areas above administrative support 

(Al-Mashari and Zairi 1999). We would suggest this situation occurs because 

they promote mechanization, standardization and bureaucratization, which 
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indeed contradict the major forces leading towards more knowledge-

centred organisations. 

The emergence of movements such as enterprise 2.0, knowledge 

management and collaborative/social computing reflects the need to 

leverage the collective intelligence of the crowd in business process 

modelling and management. The problem, then, is how to model business 

processes in this challenging environment.  

As stated by Rosemann (2006), “process modelling is an area where artists 

(heavy right brain utilization) meet scientists (heavy left brain utilization), 

internal knowledge workers meet external knowledge owners, business 

meets IT”. Our standpoint is that, in order to meet the stated dyads, we 

have to recognize and embrace the humanistic side of BPM. As posed in 

our hypothesis,  

Work models will be improved through humanistic process modelling, i.e., 

by centring models on humanistic factors, instead of mechanistic factors, 

and centring modelling on end-users, instead of expert modellers. 

This means incorporating inconsistency, uncertainty, vagueness, omissions, 

conflict, nuance, plasticity, and tacit knowledge in the scope of business 

process modelling.  

With these principles in mind, we adopted the Design Science methodology 

to approach our main research question and validate our hypothesis. As 

represented in Figure 7.1, this research was conducted along three major 

design iterations. The first iteration was discussed in Chapter 4. Two 

important research artefacts were created: a storytelling-based information 

model for business processes, and a modelling tool that implemented the 
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proposed model. This iteration served as a proof-of-concept that showed that it 

was indeed possible to conceive a viable user-centric approach to process 

modelling and to develop a working modelling tool based on this principle. 

The first round of experiments was primarily focussed on gathering 

formative insights about the tool. As previously discussed, the tool combines 

storytelling with design storyboards, which breaks the traditional process 

modelling paradigm centred on activities, conditions and flows. The risk of 

users rejecting the tool because of a paradigm change was high and 

empirical tests were necessary to understand if the users would be able to 

develop process stories using the tool. 

 

Figure 7.1: Major design iterations 

The results from these empirical tests were encouraging, as they indicated 

that the concept of process story was appropriated by the participants. 

However, results also raised several major concerns about the tool and 

method. The critical problem was the excessive effort required to tell a 

story. This led us to make structural changes in the tool to increase its 

efficiency and ease of use. 
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The second design iteration of this research was discussed in Chapter 5. 

This iteration tackled the shortcomings that were identified in the previous 

phase, and also addressed an important concern: how to conduct 

storytelling-based process modelling actions while at the same maintaining 

a reasonable level of compatibility with mechanistic modelling 

technologies. This involved adapting our information model for process 

stories, integrating the necessary semantics for it to support basic workflow 

patterns. The second evaluation round further strengthened this 

requirement, as participants in the target organisation were seeking to 

design an improved business process model.  Results indicated the method 

and tool provided an effective approach for business process elicitation and 

modelling, but the generated process stories lacked contextualisation. On 

hindsight, the main explanation for the lack of contextualisation was 

perhaps related with the participants’ goals. As mentioned above, they were 

explicitly aiming at developing a reengineered business process and 

therefore it is just natural that a new, idealised process would not convey 

much contextual information about a non-existing reality.  

In the third design iteration, discussed in Chapter 6, we specifically 

focussed on how to retain contextual information in process stories. This 

equated to improving our method and tool towards capturing better stories. 

Our solution was to mimic a natural characteristic of good storytelling by 

improving the tool’s support for capturing episodic stories, i.e. stories that 

are grounded on a series of concrete (typically past) events. Another 

concern was to further improve the efficiency of the tool in order to enable 

the user to focus more on the story and less on the technicalities associated 

with the authoring process. Evaluation was centred on eliciting an existing 

process in the target organization. Results indicated that the revised tool 
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and method enabled the capturing of richer stories that preserved 

contextual information about the target process. Also, results supported the 

view that process knowledge is a collective construction, as a significant 

number of collected stories expressed knowledge that added to or even 

contradicted the referenced process sanctioned by the managers. This 

reinforces the idea that process stories can be richer than traditional 

business processes by expressing different and often contradicting views 

about a process. 

A notable outcome that emerged from the transition to the third design 

iteration of the research artefacts is a shift from a paradigm where the 

storyteller describes how they usually deal with a process to one where they 

describe a specific case that happened. The former approach is directed at 

capturing stories that describe processes as a whole, depicting their 

complete workflow including actors, triggering events, activities, control 

structures, and expected exceptions. We find that this approach is most 

appropriate when modelling a new process. The latter approach is more 

concerned with capturing stories that preserve contextualization and 

faithfully depict real work procedures, by focussing on process scenarios 

that have actually taken place. These scenarios are not bound by sanctioned 

procedure, and may feature ambiguity, creativity, ad-hoc activities and 

unexpected exceptions. We find that this approach is most appropriate 

when modelling an existing process.  

In the next section, we analyse both approaches in tandem using the results 

from our two case studies. Our aim is aligned with the principles of design 

science research: (1) to demonstrate the utility of the design artefacts 

(model and tool) in eliciting more information from business processes, 
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and (2) to present the contributions of the research to the knowledge base, 

by revisiting the main problems underlining our research described in the 

first chapter. This is done in section 7.2. Finally, in section 7.3 we present 

some limitations of this research. 

7.1  Utility 

In this section we demonstrate the utility of this design science research. 

Following the discussion from the previous section, we begin by discussing 

the level of detail observed in user stories. Regarding both size and 

complexity, we found that in both cases (new and existing process) subjects 

created detailed stories. Interestingly, size and complexity were higher 

when modelling a new process (see Table 7.1). This may be due to the fact 

that subjects were describing the whole process therefore contemplating all 

foreseeable scenarios. 

Table 7.1: Level of detail in user stories (size and complexity) 

Size (number of stories 
with “x” scenes) 

New Process 
(n=6 stories) 

Existing Process 
(n=20 stories) 

Low (1-4 scenes) 0 8 
Medium  (4-9 scenes) 1  10 
High (10-19 scenes) 4  2 
Very High (20+ scenes) 1 0 

Structural complexity   
Low  0 5 
Medium  2  8 
High  3  7 
Very High  1 0 
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Regarding narrative and dialogue, we found mixed results. If we consider 

the use of narrative, we discovered detailed stories in both instances (see 

Table 7.2. However, a higher percentage of stories describing the existing 

process relied on narrative content. Concerning the use of dialogue, the 

difference is more pronounced. Most of the stories describing the new 

process were very detailed (heavily reliant on dialogue), whereas stories 

about the new process were not (they ranged from medium use of dialogue 

to not using dialogue at all). These contrasting results may be explained by 

the fact that when creating stories about a new process, users were focussing 

on describing its structure (i.e., the process workflow), abstracting away 

non-essential detail and dialogue interchange. On the contrary, users 

describing an existing process were recreating actual process scenarios, and 

in this instance dialogue and narrative were used abundantly as natural 

storytelling instruments. 

Table 7.2: Level of detail in user stories (dialogue and narrative) 

Use of dialogue New Process 
(n=6 stories) 

Existing Process 
(n=20 stories) 

Low 4 1 
Medium 2  2 
High 0  4 
Very High 0 13 

Use of narrative   
Low  1 3 
Medium  5  4 
High  0 6 
Very High  0 7 
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This fundamental difference in both types of story is further exposed when 

we consider the presence of context in user stories (see Table 7.3). As 

expected, stories about a new process deemphasise context and highlight 

the general case. Contrastingly, stories about an existing process are less 

concerned with the general case and concentrate on giving a 

contextualized description of a specific scenario.  

Table 7.3: Presence of context in user stories 

Context New Process 
(n=6 stories) 

Existing Process 
(n=20 stories) 

Low 6 2 
Medium 0 1 
High 0  17 
Very High 0 0 

Interestingly, we found divided results when assessing whether stories 

portrayed emotional elements, with no significant differences between both 

types of stories (Table 7.4 – top). This may indicate that, independently of 

content, storytelling was an enabling factor towards the externalisation of 

process knowledge and personal views, and that the portraying of emotion 

is highly dependent on personal or circumstantial factors. In either case, 

additional experimentation would be necessary to both eliminating possible 

outliers and further validate these results. Concerning the presence of 

surprise, results were clear. None of the stories about the new process 

incorporated any elements of surprise – they were completely focussed on 

the “happy path”. This is consistent with the fact that users were describing 

how they would expect the process to function. On the other hand (see 

Table 7.4 – bottom), the existing process was very often described with 

surprising situations, which is consistent with the fact that, when telling a 
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story regarding a concrete past event, people tend to remember and choose 

the exceptional, interesting case to the detriment of the normal (dull) one. 

This is of course valuable from a modelling standpoint, as these stories 

capture tacit process knowledge about unforeseen scenarios that would 

otherwise be difficult to elicit. 

Table 7.4: Presence of emotion and surprise in user stories 

Emotion/Personal Views New Process 
(n=6 stories) 

Existing Process 
(n=20 stories) 

No 4 12 
Yes 2 8 

Surprise   
No  6 5 
Yes  0 15 

We finally address understanding and influence, and assess whether 

workflow can be derived from user stories. Both types of story show that is 

indeed the case – every story included at least a workflow element (activity, 

condition, flow). What is more, in both instances a workflow-based process 

model could be derived from user stories.  

When describing a new process, users viewed the process as a whole, even if 

from skewed perspectives  (which is positive, as we will address shortly). This 

resulted in a set of stories describing the general case, with the users 

dedicating different levels of detail to different chunks of the stories, 

according to their expertise – for instance, one story dedicated 20 scenes to 

chunk 1, while four stories completely ignored that chunk (see Figure 7.2, 

chunks correspond to distinct phases of the process). This made it possible 

for users to agree on a converged story from which a workflow-based 
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process model was derived. Both the fact that the converged story was 

overall more detailed (had more scenes) than most individual stories, and 

that one individual story was toned down by the group are indications that 

the sharing of stories helped the team better understand the process. 

 

Figure 7.2: Understanding and storytelling (new process) 

When describing an existing process, users viewed an actual instance of the 

process. This resulted in a set of stories describing independent scenarios, 

with the users dedicating different levels of detail to different chunks of the 

stories, according to their own involvement in the action (which also relates 

to their expertise). Each individual story was converted into a workflow-

based model (representing a single use case scenario). These models were 

subsequently merged into a single, complete process model. The facts that 

(1) the reference process, sanctioned by management, had fewer activities 

than individual process models (for most individual models in chunk 2, and 

for at least one individual model in the other chunks), and (2) the 
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reference process was considerably less detailed than the elicited, merged 

process, are indications that also in this instance the gathering of these 

stories helped the organisation better understand the process. 

 

Figure 7.3: Understanding and storytelling (existing process) 

Lastly, we found that in both cases collected stories influenced the final 

adopted practices in the target organisations. Regarding the new process, 

we observed that the converged story (which described the procedure to be 

adopted) was significantly influenced by some stories (see Figure 7.4). 

These stories exhibited high expertise in specific chunks of the whole 

process. For instance, all of the scenes from two stories shaped chunk 2 of 

the converged story, and all of the scenes from another individual story 

shaped chunk 3 of the converged story.  
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Figure 7.4: Influence and storytelling (new process). Each line corresponds to an 

individual story and shows the percentage of scenes (across the four process 

chunks) in that story that made the cut to the converged story. 

Regarding the existing process, the reference process was supported by all 

stories, but also contradicted in part by some stories (see Table 7.5). This 

situation demonstrates that, as conveyed in our main research question, a 

gap indeed exists between prescribed and actual procedure, i.e., the de facto 

adopted practice is reflected on individual stories and does not always 

mimic the sanctioned procedure. One essential contribution of our 

storytelling approach is to provide an instrument that exposes this gap, 

helping organisations to first and foremost better understand themselves, 

and to be better positioned to realign prescribed and actual procedures, 

either by promoting organisational change or by reengineering procedures 

based on new acquired knowledge.  
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Table 7.5: Influence and storytelling (existing process). 

Supports the reference 
process 

Existing Process 
(n=17 stories) 

No 0 
Yes 17 

Contradicts the reference 
process 

 

No  11 
Yes  6 

 

7.2  Additions to the Knowledge Base 

As an essential component of the design science research methodology, we 

refer to the five published papers as additions to the knowledge base. They 

are listed in section 8.1.  

When establishing our research question we identified four problems 

arising from an over reliance on the workflow paradigm. We now revise 

these problems as contributions to the knowledge base in light of the 

outcomes from this design science research:  

1. The “model-reality divide” – This problem concerns execution 

failures caused by gaps between what is modelled and the actual or 

desired organisational behaviour. In this research, we provide several 

examples illustrating how business processes can be modelled with 

more contextual richness, narrative freedom and implicit flows. End-

users may elaborate their stories using creativity, nuance and 

ambiguity. As such, the models may come closer to what happens in 
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companies. Results obtained from our case studies indicate the 

approach was well accepted by the end-users and considered useful 

by the organisations.  

2. The “model-consistency” problem – This concerns the difficulties 

expressing business rules while using formalisms and constraints 

imposed from a worldview that tends to emphasise automation goals. 

In our comparison of the differences between the storytelling 

approach and the workflow paradigm we show that the former relies 

less on formalism and more on interpretation and familiarity than 

the latter. The proposed approach specifically avoids introducing 

operational constraints into business process modelling, so the 

problem is avoided “by design” in our approach. Both case studies 

showed that modellers were capable of describing the business 

processes in which they were involved using a less formal language, 

and these could be translated into a formal language when such 

necessity arrived. However, further developments are necessary to 

integrate end-user process models with BPM systems.   

3. The “collective intelligence” problem – The proposed tool is 

premised on sharing and collaboration and was designed to operate 

company-wide, allowing employees to combine different views about 

what is modelled. As such, the tool leverages the collective 

intelligence of the organisation. In particular, we show that several 

individual models were brought together and resulted in improved 

process models, which incorporated individual knowledge and 

expertise. Of course, this problem is interrelated with the previous 

ones, in the sense that it may be difficult to rely on end-users when 
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the modelling language requires significant expertise. The 

opportunities brought by shifting process modelling from expert 

modellers towards end-users opens up interesting possibilities for 

both BPM clients and suppliers. On the client side, it could bring 

financial gains, increased agility, fewer privacy concerns, and 

increased participation and engagement in the BPM approach. On 

the supplier side, it raises opportunities to offer innovative 

modelling tools and services to clients. In particular, it may support 

remote modelling and massive modelling arrangements. It may also 

allow changing the traditional, fragmented, time-consuming 

approach to process discovery towards more innovative service 

provision schemes relying on crowdsourcing, coaching and group 

facilitation. 

4. The “missing tacit knowledge” problem – Considering that the 

modelled business processes retain humanistic factors and especially 

do not require any unusual knowledge about process modelling, we 

would say that they can gather contributions from employees at 

different organisational levels, while at the same time contributing to 

retaining such distributed knowledge in a purposeful way.  

7.3  Shortcomings and threats to validity 

We now discuss some shortcomings and potential pitfalls of this research. 

Firstly, we recognize that more evaluation is necessary, with more users and 

more organisations involved. We need to further evaluate the coverage of 

the scenes library to wide-ranging organisational needs, a difficult task since 

we observe such diverse types of organisations, especially with the 



An End-User Approach to Business Process Modelling 

256 

emergence of virtual organisations. More focused research should also be 

targeted at determining what types of narratives the users will produce with 

the tool, and if they are capable of expressing the diversity of contextual 

elements that usually accompany organisational work.  

Secondly, we should recognize the importance of integrating our approach 

with BPM technology. Our aim is not to model just for the sake of 

modelling, but modelling to implement BPM systems, so the link must be 

more thoroughly addressed. In our model, we establish this link by allowing 

users to identify events and actions that can then be associated with system 

functionality. However, more work is necessary to understand if this 

mechanism is sufficient and/or efficient.  

Finally, we have to recognize that the proposed approach faces strong 

competition from the social-computing field, which has been proposing the 

adoption of collaborative tools like Wikis to develop business processes. So 

far, these approaches seem more focused on the technical side, but 

considering that the technology is intuitive and has wide acceptance in 

other areas, it may become prevalent in the BPM field. Of course the tool 

we propose may offer as an advantage the scene library, which nevertheless 

will require further research to assess its reusability. 

 

 



 

 
 

 

 

Chapter 8  

Conclusions and Future Work 

This thesis discussed a new approach for process modelling centred on the 

elicitation and analysis of process stories composed by end-user modellers. 

A benefit of this approach relies with how it balances the descriptive, 

creative aspects of storytelling with constrained, activity-oriented aspects of 

process modelling. The proposed modelling method steers end-user 

modellers into creating holistic process stories describing new processes, or 

concrete, event-based process stories describing existing processes, while at 

the same time granting space for them to supply stories that are highly 

detailed.  

When comparing sensible and mechanistic BPM in section 3.3, we 

suggested a set of criteria highlighting the main differences between them: 
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formalization, detail, agility, operationalization, implicitness, and flexibility. 

Based on these criteria, we developed a sensible business process modelling 

approach. Our proposed approach structures the modelling activity around 

the notion of a scene: a pictorial description of a working situation. The 

small set of formalisms affords exploring various process narratives (instead 

of specifications), conveying not only information about the main and 

alternative paths, events, artefacts and actions, but also information about 

the interactions, decisions, attitudes, and other contextual factors.  

As significant as the proposed approach, we have the modelling tool. The 

tool supports company-wide process modelling through the composition of 

scenes, transforming business-process modelling tasks into creative 

storyboarding activities. The tool transforms business process models from 

being highly technical specifications towards being real stories, as told by 

the actual performers.  

An important functionality supported by the tool is the scene library. This 

library offers a collection of typical work situations that may be configured 

to describe concrete activities such as elaborating, discussing or signing a 

document, just to give few examples. These meta-scenes were developed 

and validated in an action-research project that involved helping a real-

world organisation reconsidering their business through a process-oriented 

view. It involved the identification of a large set of organisational activities 

(more than one hundred), followed by a process of elimination of 

similarities and generalization of work situations. It also involved an artist 

drawing motivating pictures to express the identified working situations. 

Several persons belonging to three organisations used the tool to develop 

business processes.  
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The results from this research have confirmed that end-user modellers 

without IT backgrounds and modelling expertise are able to create process 

stories using our method. Moreover, they show that the proposed method 

enables the elicitation of process stories containing detailed contextualized 

accounts of use case scenarios that have actually taken place in the work 

routine and that can deviate or even contradict prescribed procedures. 

These process stories are descriptive but grounded on the sequencing of 

process activities, and thus can be translated and integrated into traditional 

process models. This approach can play a complementing role to 

traditional modelling methods by capturing process knowledge that is often 

tacit and difficult to transmit by other means. Process stories constitute an 

asset for retaining organizational knowledge and sparkling discussion in 

modelling and reengineering teams. As indicated by the results of this 

research, they can contribute to a better understanding of the process and 

influence adopted practices. 

8.1  Main Contributions 

The main contributions of this research include an innovative model for 

storytelling-based process modelling, and a collaborative business-process 

modelling tool that implements this model. 

The proposed model adopts a narrative structure inspired by organizational 

storytelling theory, which provide rich information about a work setting in a 

very informal way. Based on this model, we proposed and developed a 

modelling environment offering: 1) support for collaborative end-user 

business process modelling; 2) graphical composition of business processes 
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using storyboards; and 3) a library of reusable/configurable scenes that 

may be used to describe business processes.  

Thus an important contribution of this research is the indication that 

business processes can be modelled by end-users. We regard this as another 

opportunity to increase the humanistic orientation of the proposed 

approach: giving back the control over technology design to end-users, this 

time not because they are allowed to participate in technology design but 

because they metadesign the technology. The emergent concept of 

metadesign (Fischer and Giaccardi 2006) explores the end-users’ capacity 

to design their own technology and is linked with a human-centred 

perspective over technology development.  

Our modelling tool allows several end-users to collaborate in describing 

and enriching business processes. This may help eliciting 

different/conflicting/complementary views over business processes. Thus, 

the proposed modelling tool may have a strong impact on organisational 

practice. Currently, BPM technology requires contracting external experts 

to model and implement business processes. By transferring these activities 

to the internal structure and democratizing its access, one may obtain 

significant economical gains, reduce the organisations’ dependence, 

improve acceptance, and decrease response time to turbulence (Borges and 

Pino 1999). 

What is more, our results indicate that the proposed modelling method can 

retrieve more information about the target process than what is typically 

elicited by traditional workflow-based methods, particularly when dealing 

with existing procedures. This includes retaining more information about 

the process context, personal views of process operators, surprising 
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(unexpected) events, and the elicitation of actual procedure, which can 

both support the reference process through compensating actions and new 

process paths, or even contradict sanctioned procedures. Exposing these 

gaps between modelled and actual procedures contributes to a better 

understanding of the process and enables corrective actions. When 

implementing the process for execution in a BPM system, this alignment 

also contributes to mitigating the risk for the system not to be used in 

practice because of lack of acceptance from end-users. 

This research has generated the following publications in peer-reviewed 

literature, including two ‘A’ publications: 

Simões, D., Antunes, P., Carriço, L., (to appear) “Eliciting and Modelling 

Business Process Stories: A Case Study”. Business & Information Systems 

Engineering / WIRTSCHAFTSINFORMATIK. JCR IF:1.7(2014). Core C 

(2010). ABDC A (2013). 

Simões D., Antunes, P., Cranefield, J. (2016) “Enriching Knowledge in 

Business Process Modelling: A Storytelling Approach”. In: Razmerita, L., 

Phillips-Wren, G., Jain, L. (eds) vol. 95, Intelligent Systems Reference 

Library. Innovations in Knowledge Management: The impact of social 

media, semantic web and cloud computing. Heidelberg, Springer, ISBN: 

978-3-662-47826-4, pp. 241-267. Citation count: 41 

Simões, D., Thuan, N. H., Jonnavithula, L., Antunes, P. (2015) “Modelling 

Sensible Business Processes”. 2nd International Conference on Future Data 

 
 

1 Indexed by Google Scholar Citations, as of September 2016. 
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and Security Engineering (FDSE), vol. 9446. Heidelberg, Springer, Ho Chi 

Minh City, Vietnam, ISBN: 978-3-319-26134-8, pp. 165-182 

Antunes, P., Simões, D., Carriço, L., Pino, J. A. (2013) “An End-User 

Approach to Business Process Modeling”. Journal of Network and Computer 

Applications, 36(6), pp. 1466-1479. ISSN: 1084-8045. DOI: 

10.1016/j.jnca.2013.03.014. ISI IF 1.772. CORE A (2010). JCR Q1. SJR Q2. 

Citation count: 231 

Simões, D., Antunes, P., Pino, J.A., (2012) “Humanistic approach to the 

representation of business processes”. 16th IEEE International Conference 

on Computer Supported Cooperative Work in Design (CSCWD). IEEE, 

Wuhan, China, ISBN: 978-1-4673-1211-0, pp. 655-665. CORE B (2013). 

Citation count: 41 

8.2  Future Work 

These research results open up some interesting avenues for future 

research. A promising research line concerns theory building, which may 

depart from the positive indications provided by the adoption of 

storytelling and sensemaking theories to further develop a theory about 

business process contextualisation, process richness, flexibility, and human 

behaviour. In turn, such theory could lead towards the development of 

process modelling languages more centred on human and organisational 

needs rather than technical needs.  

Another research line to consider brings back the various criteria and 

specific measures we adopted in this study to analyse process stories, 

assessing in particular the structural complexity, presence of emotional 
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elements, unexpected situations, and number of decision steps, among 

others. Further research could explore the value of these criteria to assess 

model quality.  

Another potential research line could explore using the proposed 

modelling method with generic presentation software (e.g. Powerpoint). 

This could yield several advantages such as reduced time in authoring 

stories, increased flexibility in controlling the layout of a scene, and 

reduced deploying time/faster dissemination due to the ubiquity of the 

software. Limiting factors would include difficulties in managing the scene 

library and associated metadata (e.g. for searching a suitable scene 

template), and preserving the necessary model semantics to enable 

integration with BPM technologies (e.g. for model export and process 

execution). 

The very positive signs brought by this research suggesting that end-users 

can generate process models, even though some participants in the study 

expressed initial concerns that they would be unable to do it, advise further 

research on how to increase the usability of existing process modelling 

languages and tools, and also how to increase collaboration in process 

elicitation and modelling. In a wider perspective, we note an interesting 

trend moving process modelling from modelling experts to end-user 

modellers. Another interesting possibility would be crowdsourcing process 

modelling, which would contribute to enabling large organisations to 

reduce the costs of BPM initiatives while increasing agility and 

maintainability. 
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Appendix A  

Prototyping the Modelling Tool 

In this appendix we present a brief summary on the development and 

evolution of the proposed modelling tool, in the form of three prototype 

applications. The modelling tool (whose first major iteration is presented in 

Chapter 4) integrates the concepts explored in these prototypes. The tool 

replaces the flowchart-like authoring canvas in the first prototype with the 

design storyboard environment first explored in the second prototype, and 

enhances the capability for meta-model manipulation explored in the third 

prototype.  
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A.1 BPMerlin v1.0: a prototype application for humanistic 
process modelling 

The BPMerlin prototype described in this section is the product of the first 

internal design iteration of this research. It was developed using the 

Microsoft ASP.NET 4.0 framework, using Linq and SQL Server for 

persistency, the jQuery JavaScript library for synchronization and a Java 

applet from Mindfusion for implement the authoring canvas and control 

palette. 

The BPMerlin prototype, shown in Figure A-1, provides a functioning 

modelling environment where users can express their understanding of 

specific business processes. 

 

Figure A-1: The prototype application’s welcoming screen 

The proposed tool directly supported collaboration by sharing the 

modelling environment between users. Colleagues were able not only to 
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view each other’s designs, but also to participate in their development and 

refinement, offering complementing perspectives on the modelled flow of 

action and events. The system put emphasis on visual elements, but 

provided users with both graphical and textual tools for designing the 

process. To enhance collaboration, users were able to communicate with 

one another during the design process, and the synchronisation of their 

work was managed by the system. As the system kept track of the organic 

structure of organisations, the tool made it possible to represent the flow of 

work across specific departments and people.  

Figure A-2 presents the interface where system administrators could model 

target organisations. The system supported multiple organisation types and 

organisations, each of which associated with a particular hierarchical 

structure. Users were associated with specific organisations and mapped to 

one or more units therein. 
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Figure A-2: Modelling the organisation 

Once registered and logged in, the user could access the list of active 

processes being modelled (see Figure A-3), and open them for editing. The 

work list only lists processes that should be visible to the user, according to 

their organisation and specific unit. It includes the process name, owner, 

and a timestamp for the last modification and corresponding user. 
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Figure A-3: Work list for a specific user 

Figure A-4 shows the modelling environment presented to the user after a 

process is selected for editing. The process name sits at the top of the 

screen and can be updated at any time. The control palette, found beneath 

it, exhibits three design elements: general-purpose notes, participating 

actors, and activities. This limited set of nodes was intentional and designed 

to limit modelling complexity, considering that users are not skilled or 

trained for this type of activity. 

The process was designed by dragging nodes from the palette onto the 

canvas beneath, where objects could be freely moved, resized and labelled. 

The flow of action was represented by connecting objects with directed 

arrows, as shown in the figure. 

Each node could be associated with a text note, and could display 

additional properties according to its type. For instance, an activity could be 

marked as computer-based, and an actor could be tied to a particular work 

unit, as defined in the organisation’s structure. For handling complex 

scenarios, it was possible to mix participants from multiple organisations. 
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The text area next to the control palette was used for system messages and 

doubled as a chat window for collaborative design. 

 

Figure A-4: Modelling student petitions 

When a user opened a process that was being edited by another user, they 

were allowed to engage in chat and could see the updates in the design as 

soon as they were made by the editing user. The system was designed to 

allow only one user with editing privileges at a time, who was said to be 

holding the pen. If wanting to take control, any user viewing a process could 

ask for the pen. As illustrated in Figure A-5, a notification box was shown to 
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the user holding the pen, which could accept or decline the request. To 

avoid deadlocks, the pen was granted if a request remained unanswered 

after a configurable timeout. 

As shown in the figure, users could validate the process model at any time. 

The system would label any unnamed elements in the canvas, and match 

the design against a set of validation rules. In the example, the system 

cannot understand the design because one of the activities is disconnected, 

and there are two starting nodes. 

 

Figure A-5: the pen between users 
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A.2 Exploratory prototyping with design storyboards 

With the aim of exploring a more natural approach to the design process 

that is more in line with the telling of a story, a second internal design 

iteration culminated on the development of a prototype that tested the 

concept of storytelling-based modelling of business processes using the 

analogy of comics. 

This second prototype (shown Figure A-6) was also based on .NET 

technology. It used the GDI+ API to draw text and graphical elements over 

JPEG images. The prototype was designed as a web application in order to 

simplify deployment and integration with other prototypes in future 

iterations. We used the C# programming language and AJAX for the 

animation of UI elements.  

The application uses a number of pre-defined graphical frames from which 

the user selects the best match to model a business scenario.  Once a frame 

is selected, the user can customise it by adding textual content where 

appropriate – this can include dialogue lines or context notes. The location 

of the text is determined by the user by clicking on the desired spot. 

Additionally, the user can place guides that link the text to the characters in 

the frame for increased coherence and a more compelling effect. 
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Figure A-6: An informal meeting 

A.3 BPMerlin 2.0: Implementing design storyboarding 

A third internal design iteration took the concepts explored in the second 

prototype as a basis, and reformulated the modelling tool to integrate 

design storyboarding in the modelling environment. The idea was to have 

users create storyboards in the form of comic strips. The story of a process 

was constructed by combining a number of scenes comprising interacting 
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actors and business artefacts, and applying textual content to pace the 

action and add context. 

A storytelling-based process model was conceived based around the notion 

of a scene representing the basic story element. Context-free metadata is 

common to all organisations and processes and avoids any situational 

interpretation to favour generality. As shown in Figure A-7, this includes the 

physical location of the scene (e.g. outside, meeting room, office), the 

general situation it refers to (a meeting, waiting line, presentation, working 

environment), the number of actors in the frame and their location, and 

the text location relative to the actors. Process-specific metadata is 

particular to each process within the organisation and should provide 

context. This includes contextual location referring to a physical location 

relative to the organisation (e.g. a certain room in the billing department), 

contextual situation depicting what is happening in the scene (steering 

board meeting, student enrolment in a university), and events triggering 

the action (payment being processed, a public announcement, the passing 

of time). 
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Figure A-3: Metadata model in the storytelling-based tool. The Comic entity 

represents the scene template, and the SituatedComic entity represents a scene 

within a story.  

As represented in the figure, the Comic entity stores the scene library. The 

ComicLocation, ComicSituation, and Actor classes hold the context-free 

metadata described above. Users tell their stories by assembling sets of 

SituatedComics from the scene library, which are associated with a given 

business process. Scene-dependant metadata is defined and held in the 

ContextLocation, Time, ContextSituation, Trigger, and SituatedActor entities. 

Each situated actor is tied to an OrganisationNode, which represents a certain 

role in the organisation. 
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The system has an interface for populating and characterising the scene 

library. Figure A-8 shows the dialog for adding a comic (scene template) to 

the library.  

 

Figure A-8: Adding a comic to the library 

The user, typically a domain expert or system administrator, begins the 

process by selecting and uploading an image to the server, after which it is 

displayed onscreen. The user then adds context-free metadata to 

characterise the scene, namely location information, depicted situation, 
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and the number of characters present. Finally, text and guide locations are 

set up by clicking the screen at the desired points. When in the process of 

building a story, this allows the system to automatically determine where to 

add the textual content without requiring the business user to click the 

image. As seen in the figure, the system adds textual placeholders to show 

the user where the dialogue lines will appear in scenes using that template. 

By adding and characterising a diverse set of comic strips as described 

above, the user builds the scene library as shown in Figure A-9. All stored 

scenes are listed and can be edited or deleted by the user. Context-free 

metadata is also managed in this interface, by adding the possible values for 

each metadata class. For convenience, it is possible to add these values on 

the fly when inserting a new image. 

 

Figure A-9: Scene database and metadata management 
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Once the scene library is populated, users are able to tell the stories of their 

working routines. The user begins by searching the scene library and 

selecting an appropriate comic. In order to enhance discoverability, it is 

possible to filter the results using the context-free metadata that describes 

the scenes stored in the library. As shown in Figure A-10, the system displays 

a horizontal flow with thumbnails for the images matching the search 

criteria. The user selects the desired scene by clicking its thumbnail, and 

the system displays it in the canvas on the left. The user can then add 

dialogue lines, which are placed by the system in the appropriate locations 

in the image, according to the previously defined metadata. The user is 

however free to customise dialogue and guiding line location by clicking 

the canvas at the desired points. This operation does not affect scene 

metadata, which remains context-free. As represented in the interface 

shown in the figure, the user can additionally assign organisational roles to 

the characters in the scene by clicking the button next to the character’s 

dialogue textbox and selecting a role from the organisation. 
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Figure A-10: Creating a scene 

Once the scene is ready, the user clicks the save button and is returned to 

the process screen, where the story is composed by adding situated scenes 

until the process is complete. Figure A-11 shows an example of a story 
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about delivering a presentation. As illustrated in the figure, the story of the 

process is sequential and results from situated actions, where exceptions are 

prone to occur and improvisation is frequent. 

 

Figure A-11: Telling the story of a process 



 

 
 

 

 

Appendix B  

Tool Installation Guide 

B.1 System Requirements 

The recommended system requirements for the modelling tool are 

outlined in the table below. 

Table B-1: System Requirements for the modelling tool 

Operating System Windows Server 2008 R2 

Web Server IIS version 7.5 

Database Microsoft SQL Server 2008 

Libraries .NET Framework 4 (distributed with Windows) 

Connectivity Port 80 TCP for web traffic 
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The above requirements were validated in testing. However, the tool should 

work in any system running a web server supporting .NET Framework 4. No 

specific SQL Server functionality is used, so any similar DBMS may be used, 

providing that the schema and data are migrated and the connection 

strings in the code are updated. It should be noted that system 

performance of the host machine will naturally impact the performance of 

the application. 

B.2 Quick installation 

The quick installation procedure outlined below assumes that the database 

is installed in the same server as the BPMerlin web application. 

1. Import the BPMerlin and BPMerlinMembership databases into SQL 

Server (Databases – Restore Database...) 

2. Configure a new user in SQL server with full access to both 

databases.  

− User: bpm 

− Password:12345 1 

3. Copy the application files to a folder on the web server (Typically  

c:\inetpub\wwwroot\BPMerlin) 

4. Configure IIS (IIS Manager) 

 
 

1 Different credentials or more secure access methods can be configured by editing the web.config file 
and SQL Server security settings. 
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− Define the folder created in (3) as a web application 

− Application pool: .NET Framework 4 

B.3 Advanced database configuration 

The BPMerlin platform supports other scenarios for data persistency not 

described in the previous section. The configuration of data layer access 

parameters is done by editing the web.config file. Two connectionstrings  are 

defined for database access configuration: 

− ApplicationServices: database access for user management; 

− BPMerlinModel: database access for the application data layer. 

The configuration of connectionstrings and providers enables the editing of: 

− Identification and location of DB servers; 

− Access credentials; 

− Authentication strategies. 

Depending on the complexity of the desired changes, it may be necessary 

to recompile the application-generated dll’s. BPMerlin was developed in 

Microsoft Visual Studio 2013. 

B.4 User Configuration 

There are currently no automatic mechanisms defined for the creation of 

users. In order to add new users, the following steps are necessary: 
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− Create the new user using the  “ASP.NET Web Site Administration 

Tool” available in Visual Studio; 

− Using the same tool, map the desired roles to the new user. The 

defined roles are “user” and “admin”; 

− Add the new user to the BPMerlin database, “User” table. The 

“Name” field should hold the user’s username, the user’s full name 

can be added to the “FullName” field;  

Users can be associated to organisations from within BPMerlin. This 

operation is available for admin users only. 

 

 

 



 

 
 

 

 

Appendix C  

Scene Library Specification 

C.1 Scene Metadata 

The following tables specify the list of documents, objects, locations, situations, 

and actors that incorporate the scene library and characterise each generic scene 

(scene template). 

Table C-1: Documents in the scene library 

Ata Anúncio Anúncio de Concurso  

Aplicação Informática Artigo Científico Auto 

Candidatura Carta Cartão 

Certidão Comprovativo Comprovativo de Pagamento 

Comunicado Contrato Contrato – minuta 

Contrato assinado Convite Convocatória 

Credencial Curriculum Vitae Declaração 
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Deliberação Dissertação Dístico 

Email Factura Fax 

Ficheiro Formulário Formulário 

Guia de Pagamento Informação Listagem 

Livro Nota de Cobrança Nota de Crédito 

Nota de Débito Nota de Encomenda Nota de Venda 

Nota Externa Nota interna Notificação 

Ofício Orçamento Parecer 

Pauta Portfólio Processo 

Programa Programa Curricular Programa de Financiamento 

Projeto Proposta Protocolo 

Recibo Relatório Requerimento 

Requisição Teste de Avaliação Trabalho Académico 

Website   

	

Table C-2: Objects in the scene library 

Database/IS Computer Money 

Document Package Material 

 

Table C-3: Locations in the scene library 

Service Desk Office Meeting Room 

Indoors Outdoors  

 

Table C-4: Situations in the scene library 

Waiting Approve/Validate Sign Document 

Communicate Send/Receive  Mail Letter 

Formal Meeting Informal Meeting Working 
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Table C-5: Actors in the scene library 

• Conselho Geral 

• Presidente 

• Conselho Académico 

• Conselho de Gestão 

• Provedor do Estudante 

• Docente 

• Aluno 

• Unidades Orgânicas de Ensino e Investigação 
o Escola Superior de Tecnologia de Setúbal (ESTSetúbal/IPS) 
o Escola Superior de Educação (ESE/IPS) 
o Escola Superior de Ciências Empresariais (ESCE/IPS) 

§ ESCE/IPS – Órgãos de Gestão 

• ESCE/IPS – Conselho de Representantes 

• ESCE/IPS – Diretor 

• ESCE/IPS – Conselho Técnico - Científico 

• ESCE/IPS – Conselho Pedagógico 

• ESCE/IPS – Conselho de Coordenação 

• ESCE/IPS – Conselho Consultivo 
§ ESCE/IPS – Unidades de Carácter Científico e Pedagógico 

• ESCE/IPS – Dep. de Comportamento Organizacional e 
Gestão de Recursos Humanos 

• ESCE/IPS – Dep. de Contabilidade e Finanças 

• ESCE/IPS – Dep. de Economia e Gestão 

• ESCE/IPS – Dep. de Marketing e Logística 

• ESCE/IPS – Dep. de Sistemas de Informação 
§ ESCE/IPS – Unidades Administrativas e Técnicas 

• ESCE/IPS – Centro de Documentação 

• ESCE/IPS – Centro de Informática Audiovisuais e 
Multimédia 

• ESCE/IPS – Manutenção e Limpeza 

• ESCE/IPS – Património e Logística 

• ESCE/IPS – Recursos Humanos 

• ESCE/IPS – Secretariado de Órgãos de Gestão 

• ESCE/IPS – Serviços Académicos 

• ESCE/IPS – Serviços de Apoio ao Estudante 
o Escola Superior de Tecnologia do Barreiro (ESTBarreiro/IPS) 
o Escola Superior de Saúde (ESS/IPS) 

• Serviços de Ação Social (SAS/IPS) 
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• Serviços Centrais 
o Divisão de Recursos Humanos; 

§ Div. RH – Chefe de Divisão 
§ Div. RH – Equipa 

o Divisão Financeira, de Aprovisionamento e Património; 
§ Div. FAP – Chefe de Divisão 
§ Div. FAP – Equipa 

o Divisão Académica; 
§ Div. Académica – Chefe de Divisão 
§ Div. Académica – Equipa 

o Divisão de Sistemas e Infra -estruturas de Informação e Comunicação; 
§ Div. SIIC – Chefe de Divisão 
§ Div. SIIC – Equipa 

o Gabinete de Imagem e Comunicação (GI.COM-IPS); 
§ GI.COM-IPS – Coordenador Institucional 
§ GI.COM-IPS – Coordenador 
§ GI.COM-IPS – Equipa Técnica 

o Núcleo de Apoio aos Órgãos de Governo, Expediente e Apoio Geral; 
o Núcleo de Controlo Interno; 
o Núcleo Jurídico; 
o Núcleo de Planeamento; 
o Núcleo de Gestão de Infraestruturas; 
o Centro para a Internacionalização e Mobilidade (CIMOB-IPS); 

§ CIMOB-IPS – Coordenador Institucional 
§ CIMOB-IPS – Coordenadores Reconhecimento Académico 
§ CIMOB-IPS – Equipa Técnica 

o Unidade de Avaliação e Qualidade (UNIQUA-IPS); 
§ UNIQUA-IPS – Coordenador 
§ UNIQUA-IPS – Técnico Superior 
§ UNIQUA-IPS – Equipa 

o Unidade de Apoio à Inovação, I&D e Empreendedorismo (UAI&D-IPS); 
§ UAI&DE-IPS – Coordenador 
§ UAI&DE-IPS – Equipa Técnica 

o Unidade de Desenvolvimento, Reconhecimento e Validação de 
Competência (UDRVC-IPS); 

§ UDRVC-IPS – Coordenador Institucional 
§ UDRVC-IPS – Coordenador Científico 
§ UDRVC-IPS – Técnico Superior 
§ UDRVC-IPS – Presidentes de Júri  

o Centro Informático (CI-IPS) 
§ CI-IPS – Conselho Informático; 
§ CI-IPS – Unidade de Qualidade e Segurança; 
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§ CI-IPS – Unidade de Serviços de Rede; 
§ CI-IPS – Unidade de Microinformática e Apoio às Unidades 

Funcionais; 
§ CI-IPS – Unidade de Sistema de Informação. 

o Grupo de Apoio aos Recursos Documentais (GARDOC-IPS) 
§ GARDOC-IPS – Coordenador Institucional 
§ GARDOC-IPS – Coordenador 
§ GARDOC-IPS – Equipa 

o Gabinete de Formação (GAFOR-IPS) 
§ GAFOR-IPS – Coordenador 
§ GAFOR-IPS – Representante não-docente no Conselho Geral 
§ GAFOR-IPS – Administrador do SAS 
§ GAFOR-IPS – Secretários das Escolas Superiores 

C.2 Activity Specification 

The following tables define the specification for the activities to be included 

in the scene library. The following notes should be considered. 

- Draft drawings are provided for illustrative purposes only and 

represent a possible situational interpretation for each activity. The 

artist retains full creative liberty to compose each scene according to 

the activity specification. 

- The visual representation of each scene should reserve sufficient 

empty space to account for the insertion of actor dialogue in the 

frame. 

- Frames should be dimensioned with an approximate ratio of 4:3 and 

a target of 6 frames per each A4-size sheet. Page margins and spacing 

between frames can be adjusted to ensure an adequate level of detail 

per frame.  
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For reasons of space constraints, we do not show all activities. Instead, we 

provide a representative sample of 30 activities. The ones that are not 

included are derivations that combine different locations, objects, and 

number of actors for the situations shown in the tables. 

Table C-6: Activity specification for the scene library (a sample of 30 from a total of 

104 generic activities) 

Activity 1 – Individual work at the office with 
document 

 

Location Office # Actors 1 

Situation Working # Objects 1 
Objects Document 

Notes Individual or shared office 

 

Activity 2 – Individual work at the office with 
computer 

 

Location Office # Actors 1 

Situation Working # Objects 1 
Objects Computer 

Notes  

 

Activity 3 – Individual work with document 
and computer 

 

Location Office # Actors 1 

Situation Working # Objects 2 
Objects Document, Computer 

Notes  
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Activity 4 – Individual work with money and 
document 

 

Location Office # Actors 1 

Situation Working # Objects 2 
Objects Document, Money 

Notes  

 

Activity 5 – Individual work with money and 
computer 

 

Location Office # Actors 1 

Situation Working # Objects 2 
Objects Money, Computer 

Notes  

 

Activity 6 – Individual work with computer 
and database 

 

Location Office # Actors 1 

Situation Working # Objects 2 
Objects Computer, Database 

Notes 
Database may also represent an 
Information System 

 

Activity 7 – Individual work with document, 
computer and database 

 

Location Office # Actors 1 

Situation Working # Objects 3 
Objects Document, Computer, Database 

Notes  

 



An End-User Approach to Business Process Modelling 

 C-8 

 

Activity 14 – Bilateral work 

 

Location Office # Actors 2 

Situation Working # Objects 0 

Objects  

Notes  

 

Activity 15 – Bilateral work with computer 

 

Location Office # Actors 2 

Situation Working # Objects 1 
Objects Computer 

Notes  

 

Activity 32 – Teamwork with document 

 

Location Office # Actors 3 

Situation Working # Objects 1 
Objects Document 

Notes  

 

Activity 33 – Teamwork with computer 

 

Location Office # Actors 3 

Situation Working # Objects 1 
Objects Computer 

Notes  
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Activity 45 – Individual work outdoors 

 

Location Outdoors # Actors 1 

Situation Working # Objects 1 

Objects  

Notes  

 

Activity 46 – Formal collective body meeting  

 

Location Meeting Room # Actors 1 

Situation Formal Meeting # Objects 0 

Objects  

Notes 
Several participants representing one 
actor 

 

Activity 47 – Formal bilateral meeting 

 

Location Meeting Room # Actors 2 

Situation Formal Meeting # Objects 0 

Objects  

Notes  

 

Activity 48 – Formal multilateral meeting 

 

Location Meeting Room # Actors 3 

Situation Formal Meeting # Objects 0 

Objects  

Notes Multiple groups of participants 
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Activity 69 – Informal multilateral meeting 
outdoors with material 

 

Location Outdoors # Actors 3 

Situation Informal Meeting # Objects 1 
Objects Material 

Notes  

 

Activity 71 – Send/Receive document 

 

Location Indoors # Actors 2 

Situation Send/Receive # Objects 1 
Objects Document 

Notes  

 

Activity 74 – Send/Receive money 

 

Location Indoors # Actors 2 

Situation Send/Receive # Objects 1 
Objects Money 

Notes  

 

Activity 75 – Send/Receive document at the 
service desk 

 

Location Service desk # Actors 2 

Situation Send/Receive # Objects 1 
Objects Document 

Notes 
Service desk represents a location 
where customers are serviced 
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Activity 81 – Send/Receive package at the 
office 

 

Location Office # Actors 2 

Situation Send/Receive # Objects 1 
Objects Package 

Notes  

 

Activity 83 – Place a telephone call 

 

Location Office # Actors 2 

Situation Communicate # Objects 0 

Objects  

Notes  

 

Activity 85 – Synchronous communication 
with computer  

 

Location Office # Actors 2 

Situation Communicate # Objects 0 

Objects  

Notes May represent text chat or video call 

 

Activity 86 – Send an email  

 

Location Office # Actors 2 

Situation Communicate # Objects 2 
Objects Computer, Document 

Notes  
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Activity 87 – Approve document  

 

Location Office # Actors 1 

Situation Approve # Objects 1 
Objects Document 

Notes  

 

Activity 88 – Approve document 
electronically  

 

Location Office # Actors 2 

Situation Approve # Objects 2 
Objects Document, Computer 

Notes  

 

Activity 94 – Approve document with 
computer at bilateral meeting  

 

Location Meeting Room # Actors 2 

Situation Approve # Objects 2 
Objects Document, Computer 

Notes  

Activity 99 – Wait  

 

Location Indoors # Actors 1 

Situation Waiting # Objects 0 

Objects  

Notes  
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Activity 101 – Wait, multiple participants  

 

Location Indoors # Actors 3 

Situation Waiting # Objects 0 

Objects  

Notes  

 

Activity 103 – Mail letter  

 

Location Office # Actors 1 

Situation Mail Letter # Objects 1 
Objects Document 

Notes  

 

Activity 104 – Sign document  

 

Location Office # Actors 1 

Situation Sign Document # Objects 1 
Objects Document 

Notes  

 





 

 
 

 

 

Appendix D  

Tool Usage Example: The Pizza 

Collaboration 

The “Pizza Collaboration” is a well-known example published by OMG to 

promote the understanding and correct interpretation of the BPMN 2.0 

specification. It describes the interaction between a person who gets hungry 

and decides to order a pizza, and the pizza vendor, who receives the 

person’s order. We start the story by describing what triggers the 

collaboration, the fact that the customer got hungry. In the collaboration 

diagram shown in Figure D-1, this corresponds to the “Hungry for pizza” 

start event. In the modelling tool, we create a standard working scene 
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where the narrator describes his motivations for ordering a pizza (see 

Figure D-2). 

 

Figure D-1: The Pizza Collaboration (source: Object Management Group) 
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Figure D-2: The Pizza Collaboration – opening scene 

A new organisation was quickly setup in advance with just two organisation 

roles: the customer and the pizza company. Because the logged in user is 

associated with that organisation, actors in the story can be quickly mapped 

to their corresponding organisational roles (see Figure D-3). In this case, 

the leading actor (and narrator) is the customer. Notes for the scene and 

dialogue line are added, providing context and detail to the opening scene.  

Finally, the next scene is set to new scene, signalling a sequence pattern for 

the subsequent scene.  
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Figure D-3: The Pizza Collaboration - mapping actors to organisational roles 

In the next scene, the customer selects the pizza. This corresponds to the 

“Select a pizza” activity in the collaboration. In order to expose the decision 

process undergone by the customer, we opt for an approve/decide scene (see 

Figure D-4). We also take the time to rename the story using the link at the 

top of the interface. As it can be seen at the right in the figure, the previous 

scene is shown in the navigation pane (modifications to that scene can be 

done at any time by clicking the picture or selecting it in the quick 

navigation control). In the scene notes, the narrator sets the context and 

explains the conditions that will drive their decision. The next scene 

interface is set to “advanced” in order to allow the custom naming of each 

branch in the decision. We want to cycle the current scene until we find a 

suitable pizza, and then proceed to order it. However, because the current 

scene is still being created, we are unable to select it as a viable outcome for 

the next scene. As such, we temporarily use the first scene as the target for 

the “not decided” branch. Once the scene is saved, the target can be 

changed to match the same scene. The “found a pizza” branch is set to new 

scene. 
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Figure D-4: The Pizza Collaboration – select the pizza 

Upon saving the approve/decide scene, the modelling tool automatically 

creates a new scene for the case where the customer finds a pizza they want 

to order. As shown in Figure D-5, the tool uses the label of the branch 

together with the title of the previous scene to automatically name the new 

scene. At this point, we can recall the previous scene and correct the link in 

the “not decided branch”, creating the single scene loop. The resulting 

scene structure is represented in Figure D-6. As shown in the figure, the 

story has at this time a valid structure. 
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Figure D-5: The Pizza Collaboration – new scene from the “found a pizza” branch, 

generated by the modelling tool. 

 

Figure D-6: The Pizza Collaboration – story structure after the decision scene. 
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Back in the new scene, its title is updated to “Order a pizza”, and the 

situation is changed to send (see Figure D-7). This scene corresponds to the 

homonymous activity in the collaboration. The send scene is used to model 

the interaction between the two pools in the collaboration, where the “pizza 

order” message is exchanged (recall Figure D-1). Each pool in the 

collaboration corresponds to an actor in the process and in the story. 

 

Figure D-7: The Pizza Collaboration: order a pizza 

In order to complete the scene, the actors (sender and recipient) are 

identified, and the artefact being sent is specified (this corresponds to the 
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message being exchanged in the collaboration). Because the organisation’s 

artefacts were not defined in advance, the user adds a new item on the fly. 

As usual, the scene notes and dialogue are also added. Finally, both the 

subsequent scene and the receiving scene are set to new scene.  At this point, 

the tool generates the receive scene in the background but keeps the user 

in the customer storyline, taking them to the subsequent scene. The new 

scene (shown in Figure D-8) corresponds to the activity where the customer 

waits for the pizza. The situation is hence set to waiting, and the scene is 

titled “Wait for pizza”.  

 

Figure D-8: The Pizza Collaboration – wait for pizza 
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In accordance with our collaboration example, the reason for waiting is set 

to “to impose a time limit on receiving something”, and the deadline is 

fixed at 60 minutes. Two possible branches will emerge from this scene: the 

case where the pizza is received within the allotted time period, and the 

case where the deadline is reached before the pizza can be received. 

Because neither of these situations has yet been described, both branches 

are set to new scene. Upon saving the waiting scene, the two additional scenes 

are generated by the tool. 

Looking at the navigation panel in Figure D-8, we can see that the picture 

selected by the modelling tool for the “Order a pizza” scene is hardly 

adequate. In the story, the customer orders the pizza through the 

company’s website. Yet, the picture representing the scene depicts a person 

putting a letter in the mail. In order to correct this, we recall the scene for 

editing and invoke the customize picture functionality. As shown in Figure D-

9, the tool offers a set of alternative pictures in diverse settings. The user 

then selects one that more closely matches the scene. If needed, the 

positioning of the dialogue lines could also have been adjusted using the 

same interface. 

Once the ordering scene has been finalized, we turn our attention to the 

scene where the order is received at the pizza company. The user selects the 

scene in the navigation pane and proceeds to add the missing details. 

Because this scene was automatically generated upon saving the send scene, 

the situation is already set to receive. The scene title – “Pizza order from: 

Order a pizza received” is changed to a more fitting “Order received”, and 

the usual notes and dialogue are added. Information regarding the sender 

and recipient are automatically taken and switched from the send scene, 
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and the artefact being received is also already set. Finally, the adequate 

alternative picture is selected to replace the default scene picture, and the 

next scene is set to new scene. The screen showing the creation of the “Order 

received” scene is shown in Figure D-10. 

 

Figure D-9: The Pizza Collaboration - choosing an alternative picture for a scene 

At this point, we check again the structure of the story (portrayed in Figure 

D-11). The structure diagram shows that the “Order a pizza” scene has 

indeed split the story into two separate streams. The dashed arrow 

connecting to the “Order received” scene signals that this latter scene 

initiates the derived story stream. If we recall the BPMN collaboration in 

Figure D-1, scenes in this stream will correspond to events and activities in 

the pizza company’s pool.  
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Figure D-10: The Pizza Collaboration – order received 
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Figure D-11: The Pizza Collaboration – story structure so far. The modelling tool 

considers the story to be invalid due to the fact that the “Order received” scene is 

isolated. 

Because the “Order received” scene is currently the only scene in its stream, 

the tool marks the story as invalid. The underlying reason is that stories are 

not allowed to have isolated scenes. As the “Order received” initiates an 

independent story stream, the tool considers the scene as not having any 

predecessors, despite the link to the parent stream (implemented by a 

SceneFlow of type MessageFlow). Finally, by inspecting the diagram we can 

confirm that the “Wait for pizza” scene originated a split within the main 

story stream, with each branch linking to a new scene generated by the tool 

upon saving the waiting scene. From this point forward, the user tells the 

rest of the story using similar techniques as detailed in the above 

paragraphs. The final structure is represented in Figure D-12 for 
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comparison with the BPMN collaboration shown at the beginning of this 

appendix.  

The Pizza Collaboration example demonstrates the viability of the proposed 

storytelling technique and modelling tool for modelling common business 

processes and interactions. By analysing the scene structure of the finalized 

story we can confirm that while a scene will typically admit a direct mapping 

to a BPMN activity, there are situations where that does not occur. The very 

first scene in the story is an example, as it describes the context and events 

that trigger the business process (and justify the story). As explained at the 

beginning of the section, the first scene maps to the start event of the 

customer pool in the BPMN collaboration. One interesting example is the 

scene where the customer waits for the pizza to be delivered (shown in 

Figure D-8). The same scene explains that the customer is waiting and in a 

real scenario could include their explicit and implicit viewpoints towards 

the activity. Additionally, it stipulates a time limit for the waiting period, and 

identifies the outcome for each of the two possible scenarios. Comparing to 

the BPMN collaboration, the waiting scene offers the customer’s point of 

view (not covered in the collaboration), and encapsulates both the event-

based gateway and the timer event. The two outcomes that are identified in 

the scene correspond to the message catching event and the “Ask for the 

pizza” task in the collaboration. Another example is the parallel gateway in 

the vendor pool, which is covered in the story through an approve/decide 

scene. In that scene, the narrator describes both branches and explains that 

they take place in parallel. As a final example, we note that the story has two 

ending scenes, matching the final task and end event in each pool in the 

collaboration. The narrative notes in each ending scene if other activities 

are immediately terminated or are allowed to finish before the story ending 
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is reached. Alternatively, additional scenes could have been used for a 

direct mapping and more explicit differentiation between the terminate 

event in the vendor pool and the end event (implicit termination pattern) 

in the customer pool. 

To finalize, we describe how the modelling tool presents the story for 

viewing in interactive mode. As explained in the text, this viewing mode 

allows the user to navigate through the story scene-by-scene, with each 

decision contributing to shaping a custom use-case scenario in the process 

story. For brevity, we are focussing on the customer’s viewpoint and 

exploring the “happy path” scenario in the collaboration, i.e., the case 

where the pizza is received on time. Other possible paths could intermix 

scenes from both sides of the collaboration and loop through the 

conciliating steps that must be taken when the deadline for delivering the 

pizza is not met. 
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Figure D-12: The Pizza Collaboration – the structure for the finalized story. 



An End-User Approach to Business Process Modelling 

 D-30 

The screen for the interactive view mode displaying the opening scene is 

shown in Figure D-13. The title of the story is featured on top, and the 

picture representing the scene is shown in real size at the left of the 

interface. The prominent placement is meant to emphasize the storytelling 

nature of the modelling tool, favouring a visual browsing of the story and 

highlighting the dialogue lines. The right vertical pane in the interface 

incorporates several elements. The name of the scene is displayed at the 

top, and the leading actor (labelled responsible person) is positioned below. 

Additional actors in the scene would be featured under the label other 

participants. The rectangular frame is used to expose the narrative content 

in the scene. Directly beneath are the controls for navigating the story.  In 

this case, because the author defined a sequential flow between the 

opening and the next scene, the tool displays a single control with a right 

arrow, for advancing the story. 

 

Figure D-13: Interactive tour of the Pizza Collaboration: opening scene 
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In the second scene the user is asked to indicate whether the customer has 

found the pizza they want (see Figure D-14). The tool will follow the story’s 

scene flow structure and present different subsequent scenes depending on 

the user’s choice. An undo move button is also available, allowing the user to 

navigate back and forth through the story, experimenting with alternative 

scenarios. 

 

Figure D-14: Interactive tour of the Pizza Collaboration: selecting a pizza. Two 

alternative paths are proposed, it is up to the user to choose and advance the story. 

Having chosen yes in the “select a pizza” screen, the story advances to the 

ordering scene (see Figure D-15). The identifications of both the receiver 

and the item being sent (the message) are displayed along with the leading 

actor’s. Control is once again passed on to the user, who decides which side 

of the story to follow – the right arrow button will advance the story to the 

next scene keeping with the customer’s viewpoint, while the message icon 
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button will instead follow the order, exploring the pizza company’s 

perspective from that point forward. 

 

Figure D-15: Interactive tour of the Pizza Collaboration: ordering the pizza. At this 

point, the user may either find out what the customer does next, or follow the 

order. 

In the following scene we keep following the customer’s view of the “happy 

path”. The scene, shown in Figure D-16, depicts the customer waiting for 

delivery. Because this is a time-based waiting scene, the tool offers two 

choices for progressing the story: the right arrow will take the user to the 

point where the pizza is received (on time), whilst the timer icon represents 

the case where the waiting deadline is reached before the pizza is delivered. 

Figures D-17 to D-19 show the last three scenes for the “happy path” 

scenario: the timely delivery of the customer’s pizza, payment, and the 

ending scene. 
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Figure D-16: Interactive tour of the Pizza Collaboration: waiting for the pizza to 

arrive 

 

Figure D-17: Interactive tour of the Pizza Collaboration: receiving the pizza. 
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Figure D-18: Interactive tour of the Pizza Collaboration: paying for the pizza. 

 

Figure D-19: Interactive tour of the Pizza Collaboration: the ending scene. 



 

 
 

 

 

Appendix E  

Collected Data in Design Iteration 

3 

In this appendix we provide raw collected data from user stories and details 

on the corresponding synthesized BPMN models in iteration 3 of the 

design artefacts. The process story labelled PP in the first table corresponds 

to the prescribed procedure elicited in phase 2.b. Models were not created 

from stories 4, 15, and 20, as they did not describe the diploma process. 

The second table shows the number of identified process activities in each 

scene (scene density) for all recorded stories. 

Figure E.1 (next page): Collected data from user stories and synthesized BPMN 

models in iteration 3. 



An End-User Approach to Business Process Modelling 

 D-36 

C
on

tr
ad

ic
ts

 
pr

oc
ed

ur
e 

   n/
a   �   �  �   n/
a � � �  n/
a 

n/
a 

A
dd

s 
to

 
pr

oc
ed

ur
e 

� � � n/
a � � � � � � � � � � n/
a � � � � n/
a 

n/
a 

D
ec

is
io

n
 

st
ep

s 

1 4 2 n
/a

 

1 2 2 1 2 2 0 0 0 0 n
/a

 

1 1 1 2 n
/a

 

6 

N
od

es
 p

er
 s

eg
m

en
t T

ot
. 

7 11
 

15
 

n
/a

 

14
 

27
 

25
 

17
 

13
 

11
 

7 17
 

5 6 n
/a

 

14
 

24
 

27
 

13
 

n
/a

 

38
 

PR
O

 

7 0 0 n
/a

 

0 27
 

25
 

17
 

0 0 0 15
 

0 0 n
/a

 

0 9 0 0 n
/a

 

22
 

PA
Y 0 5 8 n

/a
 

9 0 0 0 0 0 7 0 0 6 n
/a

 

0 2 2 0 n
/a

 

3 

A
T

T
 

0 6 7 n
/a

 

5 0 0 0 13
 

11
 

10
 

2 5 0 n
/a

 

14
 

13
 

25
 

13
 

n
/a

 

13
 

E
m

ot
io

n
/ 

Pe
rs

on
al

 
vi

ew
s    �     � � �  � � �   �   n/

a 

U
n

ex
p.

 
si

tu
at

io
n

s 

 �  �  � � � � �   � � � � � � � � n/
a 

St
ru

ct
ur

al
 

co
m

pl
ex

it
y 

L
ow

 

M
ed

 

M
ed

 

M
ed

 

M
ed

 

H
i 

H
i 

H
i 

M
ed

 

M
ed

 

L
ow

 

M
ed

 

L
ow

 

L
ow

 

L
ow

 

H
i 

H
i 

H
i 

H
i 

M
ed

 

n/
a 

W
or

d 
co

un
t 

di
al

og
ue

 

2 28
 

16
0 3 31
9 

80
 

55
 

25
 

13
3 

11
2 

94
 

74
 

78
 

45
 

8 12
6 

10
2 

24
1 

16
 

52
 

n/
a 

W
or

d 
co

un
t 

n
ar

ra
ti

ve
 

55
 

90
 

68
 

20
4 

27
4 

15
8 

11
2 

83
 

14
4 

16
0 

81
 

11
8 

10
5 

29
 

7 10
5 

16
4 

14
1 

12
6 

14
1 

n/
a 

Sc
en

e 
C

ou
n

t 

2 5 6 3 7 12
 

8 7 7 1 4 7 3 3 2 7 8 12
 

4 5 n/
a 

Pr
oc

es
s 

st
or

y 
# 

1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

PP
 



 

 
 

D-37 

Table E.2: Scene density in user stories in iteration 3 

Pr
oc

es
s 

st
or

y 
# 

No. of identified activities per scene (scene density) 

1 2 3 4 5 6 7 8 9 10 11 12 

1 5 2           

2 1 1 2 1 6        

3 1 2 4 3 3 2       

4 7 6 2          

5 1 1 4 2 2 1 3      

6 2 4 1 2 1 1 2 4 3 3 2 2 

7 5 1 4 5 5 1 3 1     

8 2 1 6 1 3 3 1      

9 1 5 1 1 1 1 3      

10 11            

11 7 0 0          

12 3 5 2 1 2 2 2      

13 1 2 2          

14 1 2 3          

15 1 2           

16 5 2 2 2 1 1 1      

17 5 2 5 1 2 3 4 2     

18 2 4 4 1 2 3 2 4 1 1 1 2 

19 4 1 1 7         

20 0 1 2 1 1        

 


