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Abstract 

Making implicit procedural knowledge explicit by business processes is an established means for 

analyzing and improving efficiency of organizational knowledge work. Such an explicit definition 

of processes is only to a limited extend applicable to individual knowledge work due to its high 

complexity and dynamics. Nevertheless, there are structured and repeating activities in 

individual knowledge work that are worth to capture. Dynamic and ad-hoc workflows allow for 

capturing these activities. However, they do not allow for synchronizing them with business 

processes. This hampers communication of best practices and transfer of knowledge between 

the knowledge workers. Our analysis shows that none of the existing models fully provides the 

desired functionality. Thus, we have developed our own approach the pattern system strukt and 

applied it at the example scenario of a real architectural office. The strukt prototype helps 

knowledge workers to organize their activities, collaborate with others, and synchronize one’s 

very individual activities with the business processes. 

1 Introduction 

For optimizing organizational knowledge work, implicit procedural knowledge is made explicit  

by defining processes [25], [26]. These processes are amenable for analysis, planning, and 

optimization. Besides optimizing business processes, the planning of an organizational  

IT-landscape benefits from explicit knowledge as it can be better adapted to the processes and 

requirements of the organization using, e.g., project management tools or service-oriented 

architectures [12]. In contrast, individual knowledge work considers the activities of knowledge 

management from the viewpoint of the knowledge workers. Unlike organizational business 

processes, activities of individual knowledge work are less amenable to analysis and planning. 

This is due to the high complexity and variability of individual knowledge work, which makes it 

harder to explicitly capture the activities. In addition, many activities of individual knowledge work 

occur only rarely. Thus, the high effort of defining explicit business processes is not justified. 

Although the activities of individual knowledge work are less amenable to analysis and planning, 

they often contain sub-activities that provide some structure and thus can be explicitly planned 

[34]. For example, in a large construction project it might be necessary to obtain approval before 

some further activities can be carried out. Activities of individual knowledge work are also often 
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part of organizational business processes and define process deadlines, communication 

partners, and documents [34]. Thus, it seems to be worthwhile to consider individual knowledge 

work from the perspective of business process optimization and to synchronize the activities of 

individual knowledge work with the processes of organizational knowledge work. 

In this paper, we analyze and compare existing models and approaches for representing 

structured workflows of organizational knowledge management and activities in individual 

knowledge management, the weakly structured workflows. None of the existing models allow for 

representing both processes of organizational knowledge work and activities of individual 

knowledge work and integrating them. As solution to this problem, we have developed strukt, a 

system of ontology design patterns for the semantic integration of individual knowledge work  

and organizational knowledge work. The strukt application allows knowledge workers for 

collaboratively creating, modifying, and executing activities of individual knowledge work and 

synchronizing them with business processes. 

2 Organizational Knowledge Work 

In order to understand the challenges of providing a model for representing and integrating 

organizational knowledge work and individual knowledge work, we first introduce our notion of 

knowledge and the key concepts in organizational knowledge work, namely business processes 

and workflows. Subsequently, we discuss in Section 3 the characteristics of activities in 

individual knowledge work. 

A frequent definition of knowledge [2] is its distinction from data and information [33], [32]. Data 

are the raw signals like digits and characters. Information enriches this data with some meaning, 

i.e., some metadata. Knowledge adds a purpose to information in order to achieve a specific 

goal within the organization. Knowledge is to be continuously revised within the organization. 

Based on this, organizational knowledge work considers knowledge from the perspective of the 

company or organization. A central role plays business process modeling. It aims at making 

implicit procedural knowledge of the organization explicit by defining processes and thus 

amenable to formal analysis and optimization [26]. A business process describes a set of 

organizational activities that uses one or more resources as input and produces a value for the 

customers of the organization [19]. 

Business processes consider the organizational activities in a top-down view and aim at 

improving the use of resources within the organization by an explicit analysis and planning of the 

organizational activities. Business process modeling differentiates between the definition phase 

and execution phase [38], [33]. In the definition phase, existing business processes are captured 

and orchestrated into a (semi-)formal business process model. In the execution phase, the 

previously created process model is implemented. To this end, a workflow is defined as 

supporting the operative execution of a business process in parts or total [38]. Workflows can be 

distinguished into workflow models and workflow instances [33]. The workflow model describes a 

generic definition of a workflow under consideration of activities, alternatives, and roles 

participating in the processes. Workflow instances are instantiations of a workflow model under 

consideration of current process parameters that define a concrete flow through the processes 

and capture the artifacts created while executing the processes. Adapting the workflow instance 

after its instantiation from the model is typically not foreseen [33]. If a workflow turns out to be 

inflexible or inappropriate at any time during the execution of a workflow instance, one needs to 
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adapt the workflow model. This implies that all running workflow instances need to be adapted 

accordingly. Thus, a more flexible behavior of the workflow instances and less dependencies 

with the workflow model is desired. 

3 Individual Knowledge Work 

In contrast to organizational knowledge work, individual knowledge work [11], [23], [33] 

describes knowledge work from the perspective of the individuals, i.e., the knowledge workers. 

Individual knowledge work is characterized by a high degree of variability in its execution,  

self-organization, interdisciplinary, and communication orientation [33]: 

 Variability: Individual knowledge work typically comprises activities that are difficult to plan 

due to their high variability. A huge amount of input information and often changing 

communication partners require frequent revisions of one's procedures in conducting the 

required activities. New information and changing requirements often imply an adaptation of 

the procedure while conducting the activities. Many activities are also conducted rarely or  

the first time. Without some explicitly captured procedural knowledge, it is the responsibility  

of the knowledge worker to find a solution for a problem or task. In order to integrate the 

varying tasks into a busy and fragmented work schedule [20], the knowledge worker 

constantly needs to evaluate the different, concurrent activities and coordinate them in an 

integrated workflow. 

 Self-organization: The high complexity and variability of individual knowledge work makes  

it impossible to define a-priori an exact procedure and the resources needed for a task. Thus, 

it is typically the knowledge worker's responsibility to plan and manage the efforts for 

conducting a task in terms of time and resources. In contrast to traditional organizational 

structures, organizational hierarchies are less present in individual knowledge work. Thus, 

besides expert knowledge also the ability for self-organization is required from the individual 

knowledge workers. 

 Interdisciplinary: In contrast to the traditional skilled engineering worker, knowledge workers 

are often not specialized and typically cannot specialize to one particular field of business 

activity. In lieu, knowledge workers frequently have to be experts in many fields. They need to 

be able to quickly acquire new skills when required and play different roles within the 

organization. 

 Communication-orientation: Knowledge work often requires an active communication with 

other participants. For example, there is a high need for communication with colleagues and 

the management. However, there is also an increased communication need with external 

participants such as customers, suppliers, and administrative office. 

4 Requirements for Integrating Organizational  
and Individual Knowledge Work 

The requirements are derived from the analysis and discussion of organizational and individual 

knowledge work (see Sections 2 and 3). In addition, we have conducted expert interviews with 

knowledge workers of an architectural office [30]. Each requirement is briefly described and a 

reference number REQ-<x> provided: 
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 Weakly Structured Workflows (REQ-1): Individual knowledge work is characterized by a 

high complexity and variability [20]. Thus, the resources needed and activities to be 

conducted in a specific task are often not known a priori. Thus, a model support for 

representing weakly structured workflows is needed. This model shall be adaptable during 

execution time without violating the consistency of other workflow executions. 

 Support for Structured Workflows (REQ-2): In addition to representing the flexible activities 

of individual knowledge work, also the structured processes of organizational knowledge work 

need to be represented [19]. 

 Integrating Weakly Structured Workflows and Structured Workflows (REQ-3): We need 

to integrate and synchronize the activities of weakly structured workflows and processes of 

structured workflows. 

 Workflow Models and Instances (REQ-4): A common feature of traditional business 

process models is to distinguish workflow models from actually executed workflow instances 

[33]. Such a distinction is often not made in individual knowledge work, as the activities in 

individual knowledge work are high in complexity and variability (cf. discussion in Section 3). 

We can also learn some generic procedural knowledge from the execution of weakly 

structured workflows. Thus, the distinction between instance and model should also be made 

for weakly structured workflows. It should be possible to modify workflow instances without 

affecting the model or any other currently executed workflow instance. Finally, it should be 

possible to abstract executed workflow instances to workflow models. 

 Descriptive Workflow Information (REQ-5): It should be possible to describe the resources 

involved in structured workflows and weakly structured workflows. These include the 

resources used, processed, or created in a workflow [26], the tools that are applied, the 

execution status of workflows, and information about scheduling like earliest begin, deadline, 

and others. 

5 Comparison of Models for Knowledge Work 

Based on the discussion of organizational and individual knowledge work in Sections 2 and 3 

and the requirements in Section 4, we analyze and compare existing models for structured 

workflows and weakly structured workflows from the areas of traditional business process 

modeling, ad-hoc and dynamic workflows, as well as Semantic Web ontologies. 

5.1 Traditional Business Process Models 

Models for describing traditional business processes such as the Business Process Modelling 

Notation (BPMN) [28], extended Event-driven Process Chain (eEPC) [29], and Action Port Model 

(APM) [9] have a rigorously determined process execution flow and separate the business 

process modeling from its execution (see Section 2). Thus, they are less suitable with respect to 

the requirements stated in this work. Only APM suggests an adaptation of the business process 

model at runtime. However, the APM lacks of formality and low flexibility of the concepts it 

defines. 

From the field of knowledge management, we find models like the Knowledge Business Process 

Improvement Framework (KBPI) [10] and Knowledge Modeling and Description Language 

(KMDL) [16]. Besides describing traditional business processes, these models provide 

Digitale Bibliothek Braunschweig

http://www.digibib.tu-bs.de/?docid=00048019



Multikonferenz Wirtschaftsinformatik 2012  5 

approaches for planning of knowledge activities in the organizations. However, these models 

focus on capturing and planning organizational business processes for the purpose of 

management. Thus, they are comparable to the traditional business processes. 

The Business Process Execution Language (BPEL) [4] allows for the technical interface 

specification of (automatable) web services. Planning and modeling individual knowledge work in 

form of weakly structured workflows is not part of BPEL. The extensions BPEL4People [24] and 

HumanTask [1] allow in principle for describing activities of individual knowledge work and model 

them as black-boxes within the organizational business processes. However, a specification of 

the black-boxes such as partitioning a task into sub-activities is conducted outside of the system. 

As such, the BPEL4People and HumanTask extensions are de-facto the same as the traditional 

business process models and less appropriate for representing individual knowledge work. 

5.2 Models for Weakly Structured Workflows 

Ad-hoc and weakly structured workflow models like the Process Meta-Model (PMM) [6] and the 

Task-Concept-Ontology (TCO) [34] do not require a strictly determined process flow like the 

traditional business process models and may be automatically extracted from natural language 

descriptions [17]. Such models are suitable to represent individual knowledge work. However, 

the lack of formal precision and missing integration with traditional business processes hinder 

their reuse. 

5.3 Semantic Models 

Semantic models employ technologies of the Semantic Web [3] to represent the processes and 

activities in knowledge work. Traditional business process models like BPMN [28] and eEPC [29] 

are available as semantic models in form of the sBPMN [21] and sEPC [21] ontologies. 

However, these ontologies are a mere mapping of the traditional models’ features to a semantic 

model. Thus, sBPMN and sEPC still lack support for representing weakly structured workflows. 

Other models like the Toronto Virtual Enterprise Ontology (TOVE) [13], Enterprise Ontology (EO) 

[35], Knowledge Management Ontology (KMO) [22], Core Organizational Knowledge Entities 

Ontology (COKE) [18], as well as the W3C standard OWL-S [37] share the structural 

characteristics of traditional business process models such as a strictly determined business 

process flow and an explicit separation of modeling and executing the processes (see Section 

2). Because of this, they are less suitable to model weakly structured workflows. Also the degree 

of formalization of the ontologies differs. Instead of providing formalization using description 

logics [5], often only a taxonomy in a specific domain is used. The DOLCE+DnS Plan Ontology 

(DDPO) [15] provides rich axiomatization and formal precision. This is obtained by using the 

foundational ontology DOLCE+DnS Ultralight (DUL) [7] as basis. DDPO specializes the ontology 

design pattern Descriptions and Situations (DnS) provided by DUL, which allows for defining 

different contextual situations by using roles. The concept Description defines the roles that are 

relevant in a specific situation. A Situation satisfies the Description when there is a real-world 

observable situation that matches the roles defined by the Description. DDPO’s Plan concept is 

a specialized Description and defines at least one Task, one agentive role participating in the 

task, and a Goal. Thus, a Task is an activity within a plan and a Goal is a status that shall be 

achieved. A PlanExecution is an actual execution of a Plan. As such, a PlanExecution is a 

specialization of Situation and represents real-world situations that satisfy a Plan. In principle, 

the DDPO can be used to represent both traditional workflows as well as weakly structured 
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workflows. However, DDPO does not distinguish structured workflows of organizational  

knowledge work and weakly structured workflows of individual knowledge work (REQ-3).  

In addition, the distinction between workflow models and instances (REQ-4) is not explicit in 

DDPO and it also does not provide for representing descriptive workflow information (REQ-5). 

5.4 Summary 

A summary of the analysis and comparison of the existing models for representing 

organizational and individual knowledge work is presented in Figure 1. For each model, the 

fulfillment with respect to the requirements stated in Section 4 is shown. The “+”-symbol means 

that the model fully supports the requirement. The “o”-symbol means that the requirement is 

partially fulfilled or with limitations and finally “-“ is used when the model does not fulfill the 

requirement. 

 

Figure 1: Comparison of Models for Individual and Organizational Knowledge Work 

None of the existing models fulfill all requirements as introduced in Section 3. Traditional 

business process models like BPMN and (e)EPC miss representing weakly structured workflows 

of individual knowledge work. On contrary, weakly structured workflows such as PMM are in 

principle enabled to represent the activities of individual knowledge work. However, they lack 

formal precision and do not allow for an integration with traditional business process models. 

TCO supports in principle the integration but does not consider defining structured workflows. 

DDPO differs from the other models insofar as it in principle allows for modeling both 

organizational business processes and activities of individual knowledge work. In addition, 

DDPO makes use of the foundational ontology DUL, which has proven in the past to serve as 

solid modeling framework for formal ontologies [31]. DDPO inherits the formal nature of DUL and 

thus is well suited for describing and integrating organizational and individual knowledge work. 
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6 Pattern System strukt and its Application 

In order to represent and integrate organizational knowledge work and individual knowledge 

work, we have developed the pattern system strukt (from the German word Struktur). It consists 

of different ontology design patterns and is introduced in Section 6.1. The strukt application 

described in Sections 6.2 and 6.3 uses the pattern system. It allows for  conducting individual 

activities and synchronizing them with business processes. 

6.1 Integrating Organizational and Individual Knowledge Work with strukt 

The foundational ontology DOLCE+DnS Ultralight (DUL) [7] serves as basis for our ontology 

strukt as shown in Figure 2. Foundational ontologies define the very basic and general concepts 

and relations that make up the world [27] like objects and events. They provide a high 

axiomatization of the concepts defined and are applicable to a wide variety of different fields. As 

foundational ontologies like DUL follow a pattern-oriented design, also strukt provides ontology 

design patterns. Similar to design patterns in software engineering [14], ontology design pattern 

describe a specific, recurring modeling problem that occurs in a specific modeling context and 

provide a proven, generic solution to this modeling problem  [8], [14]. The pattern system strukt 

[30] is based on DDPO (see Section 5.3) and specializes different design patterns provided by 

DOLCE+DnS Ultralight (DUL). Most importantly, it reuses the Descriptions and Situations (DnS) 

pattern that provides a formal specification of context [27]. We briefly describe the pattern 

system strukt. For a detailed description, we refer to [30]. As shown in Figure 2, the foundational 

ontology DUL provides the Workflow Pattern, which reuses and specializes the DnS Pattern as 

indicated by the dotted arrow. The Workflow Pattern provides a formalization of the planning of 

processes. Further patterns reused by the Workflow Pattern are the Task Execution Pattern that 

defines processing of tasks in activities, the Role Task Pattern that associates roles with tasks, 

and the Part-of Pattern for (de-)composing entities [36]. The Sequence Pattern describes the 

order of entities such as tasks and activities. Foundational ontologies like DUL can be refined by 

core ontologies towards a particular field by adding detailed concepts and relations [27]. 

Core ontologies specialize the generic concept definitions of the foundational ontology but are 

still applicable to a large variety of different domains. The ontology strukt is such a specialization 

of DUL and reuses different ontology design patterns that DUL offers. Central patterns of strukt 

are the Weakly Structured Workflow Pattern and the Structured Workflow Pattern in combination 

with the Transition Pattern as shown in Figure 2. They fulfill requirements REQ-1 and REQ-2 as 

described in Section 4. The Workflow Integration Pattern allows for integrating weakly structured 

workflows and structured workflows and thus serves REQ-3. The Workflow Model Pattern 

differentiates workflow models and workflow instances as requested by REQ-4. Finally, the 

Condition Pattern, Resource Pattern, Status Pattern, and Scheduling Pattern allow for further 

describing weakly structured workflows and structured workflows and thus fulfill REQ-5. Each 

pattern is designed to solve a specific modeling problem towards the overall goal of representing 

and integrating organizational and individual knowledge work. Thus, the patterns of strukt are not 

a set of independent ontology design patterns but define relations to each other and are 

designed to be applied in combination. Such a set of related ontology design patterns is called a 

pattern system [8]. Finally, the pattern system strukt can be applied in various domains that need 

to represent knowledge work. To this end, it is specialized and integrated with, e.g., an 

architectural ontology or financial administration ontology as shown in Figure 2. 
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Figure 2: Overview of the strukt Ontology in UML Notation 

6.2 Web-based Prototype Application for the Individual Knowledge Worker 

The strukt prototype allows knowledge workers to organize their activities. This is shown at  

the example of an architectural office conducting different kinds of construction projects depicted 

by the screenshot in Figure 3. The web-based prototype provides a task space for managing the 

weakly structured workflows with their tasks and sub-tasks. The knowledge workers can view  

the details of tasks, create and modify tasks, extract workflow models from workflow instances 

and instantiate workflow models. To display the tasks and subtasks of a weakly structured 

workflow, the small triangle symbol next to the task is clicked as shown in Figure 3 at the 

example Building application Mornhinweg Inc. Deadlines, appointments, involved agents, task 

status, and other important details are shown on the right hand side. The checkbox left to a task 

name is clicked to mark it as finished. A lock symbol in the checkbox (indicated as small box) 

shows that a task has unfulfilled dependencies (indicated by the arrows) and thus cannot be 

accomplished. Optional tasks are indicated with the keyword (opt). The order of tasks can be 

changed by drag and drop interaction. The Properties tab shows details of a task such as its 

status and time, contributors, location, deadline, and project. Here, further contributors for a task 

can be invited as well as tasks assigned to colleagues like other knowledge workers. The tools 

used to process a task can be investigated under the Tools tab and the conditions associated 

with a task like a role that needs to sign a document are shown with the Conditions tab (not 

shown in the figure). 

The strukt prototype provides the workflow transformation menu depicted in Figure 4 to abstract 

a workflow model from an executed workflow instance. The tasks and subtasks of the executed 

workflow are the table rows. The columns represent the task names, conditions, roles, involved 

documents and tools, and whether the task is optional. For creating the workflow model, tasks 

can be removed and reordered by drag and drop interaction. 

Digitale Bibliothek Braunschweig

http://www.digibib.tu-bs.de/?docid=00048019



Multikonferenz Wirtschaftsinformatik 2012  9 

 

Figure 3: User Interface of the strukt Prototype for the Individual Knowledge Worker 

 

Figure 4: Creating a Workflow Model from an Executed Workflow Instance 

6.3 Prototype Integration with Structured Workflows 

The strukt prototype provides a simple workflow management system as test environment for 

synchronizing weakly structured workflow activities and pre-defined business processes. It 

serves as proof of concept that weakly structured workflows can be connected with structured 

ones, i.e., that individual knowledge work can be integrated with organizational knowledge work 

using the pattern system strukt. We have implemented different test cases: For example, a task 

is assigned from a business process to an agent of a weakly structured workflow. In another 

example, the status of a task in a weakly structured workflow is observed by a business process. 
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The business process of the structured workflow is only finished when the task in the weakly 

structured workflow is marked as accomplished. A user interface for the workflow management 

system is not provided. It is assumed that the strukt prototype is integrated in an existing 

business process engine providing its own interface. 

7 Lessons Learned 

The prototype application demonstrates that the pattern system strukt can actually be used to 

represent structured workflows and weakly structured workflows and that structured processes 

and weakly structured activities can be integrated and synchronized. Early feedback from 

knowledge workers is promising. However, it also shows that it is difficult to develop a user 

interface at the right level of abstraction that is intuitive to use while at the same time provides 

powerful features for managing one's activities, assigning tasks to others, and collaborating with 

others. 

In contrast to prior work, the strukt prototype allows for contextualized views onto the same 

workflow. This is achieved by using the DDPO and the ontology design pattern DnS (see 

Sections 5.3 and 6.1). For example, a knowledge worker like the architect Jim is responsible  

for filing the building application and instantiates the associated weakly structured workflow. As 

individual knowledge workers valuate and conduct tasks differently, the strukt prototype allows 

Jim to modify the weakly structured workflow during its execution. Also concrete construction 

projects and specific stakeholder requirements may imply adaptations of the weakly structured 

workflow execution. By design of the strukt ontology and its prototype, these workflow 

modifications do not require changing the actual model of the weakly structured workflow. In 

addition, the strukt prototype also does not require adapting any existing executions of the same 

weakly structured workflow. Finally, it is still possible to abstract the recent execution of a weakly 

structured workflow (as shown in Figure 4) and create a workflow model from it for future reuse. 

8 Summary 

Business process management is an established means for improving efficiency in 

organizational knowledge work by capturing implicit procedural knowledge in the organization 

and making it explicit through the specification of processes. On the contrary, individual 

knowledge work is characterized by a high degree of complexity and variability, which is difficult 

to capture in an information system. This hinders adoption and communication of best practices 

in individual knowledge work within the organization and its synchronization with organizational 

knowledge work. Nevertheless, it seems to be worthwhile to consider individual knowledge work 

from the perspective of business process optimization as it is often embedded in organizational 

businesses processes and provides some structure like sub-tasks that can be explicitly captured. 

Thus, we have analyzed different existing models and approaches for representing individual 

knowledge work and organizational knowledge work. As none of the existing solutions allow for 

synchronizing the activities of individual knowledge work and processes of organizational 

knowledge work, we have developed the pattern system strukt that is based on the foundational 

ontology DOLCE+DnS Ultralight and makes use of ontology design patterns. A prototype 

application shows the general applicability of our pattern system approach. 
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