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Abstract

This deliverable covers measures and metrics to compare knowledge processes and knowledge process traces
(instances). Those metrics are important to support semi-automatic refactoring of knowledge processes. The
deliverable presents a way to aggregate and calculate a knowledge process trace indicator to support a
knowledge worker with refactoring of knowledge processes. This indicator helps to quantify knowledge
process traces.

The deliverable includes metrics from different perspectives. It starts by providing measures and metrics
about complexity of knowledge process traces, takes skills of the knowledge worker into account and finally
provides qualifiable measures about the result of a process trace and the satisfaction of a knowledge worker
about the trace. We used a logic score of preferences approach to enable an extendable aggregation and
calculation methodology to combine the metrics.

The approach described in this deliverable is not restricted to the presented metrics.
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Executive summary

This deliverable is about metrics to quantify knowledge processes (KPs). Knowledge processes in the scope
of ACTIVE are about knowledge workers using knowledge (skill, experience, etc.) to carry out a process to
reach a specific goal.

Knowledge processes within an enterprise mainly depend on three different factors. Firstly, there are
business processes (BP) that might trigger knowledge processes. An activity of such BPs might force a
knowledge worker to start a knowledge process, like preparing a presentation or preparing a bid. Secondly, a
knowledge process triggers another knowledge process of another person. For example Bob has to prepare a
presentation and could ask Alice to provide some input to him. In this case, Bob uses connections of his
social network to enforce his informal process. Thirdly, knowledge workers will use the existing knowledge
within the organization by using for example document repositories or Wikis.

The ACTIVE knowledge workspace (AKWS) is supporting knowledge workers executing a knowledge
process by providing information, resources, and knowledge. To help a knowledge worker either to select a
follow-up action or to restructure existing knowledge processes the framework needs to quantify knowledge
processes or knowledge processes traces to make them comparable. Compared to normal business processes
or workflows knowledge processes are also using social aspects, like skill and preferences, and social
network aspects.

This deliverable provides an approach to calculate an overall knowledge process trace indicator based on
different categories of metrics. We adapted metrics of business processes and workflows about complexity
and costs for knowledge processes. In addition to this, the metrics do also cover some knowledge worker
specific values based on decisions about follow up actions within a knowledge process using his skills and
context. This is an important distinction between business processes and knowledge processes so that we
added additional metrics which reflects skills and roles of knowledge workers directly.

We categorized the metrics into
e Measurable metrics, like size, performance or external costs
e User-dependable metrics, like skill or feasibility

e Qualifiable measures, like quality of the result or satisfaction

Furthermore, using a logic score of preferences (LSP) -based approach enables us to express the knowledge
process trace indicator as a function of metrics of all these categorizes. This provides a highly flexible
methodology to aggregate different metrics. Basically, the usage of weights for each of the values makes this
approach adaptable and tuneable for different perspectives. The calibration of the weights is clearly not
solved in this deliverable since this is a very organization specific task.

Finally, the approach presented in this deliverable is not restricted to the measures and metrics provided in
this document. The approach can be easily extended by taking additional metrics into account. This is
important since we expect to adapt the metrics as soon we start to use it for refactoring of knowledge
processes.
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Definitions

Knowledge process

A Knowledge Process (KP) is a loosely defined and structural ramified
collection of tasks and actions. The structure of such a process and the order of
action are not fully defined at the start of a KP.

Dynamic ramification is the one of the key features of typical KPs.

Knowledge process trace

A knowledge process trace is a knowledge process instance carried out by an
actor/user.

Many actions within a KP require a decision by an actor about the follow-up
action. At such a decision point the actor uses his knowledge, also his tacit
knowledge, and the context to decide for the successor action. In this way the
actor drives and carries out the KP trace.

The context defines the boundaries and the environment the KP is carried out
and influences the actor with his decisions. Those decisions have to been taken
during execution time over the process development path and lead to emerging
structural ramification constituted by admissible alternatives.

Knowledge process trace
indicator

A measure to compare knowledge process traces

Knowledge worker

The term knowledge worker is generally attributed to Peter Drucker, e.g.
[Drucker 1996]. More recently, Thomas Davenport has defined knowledge
workers as people who “think for a living” and discusses who they are, what
they do, and how their number is growing [Davenport 2005]. For our purposes
we accept as a given that, for an increasing proportion of people in the world
economy, work is to a large extent mental rather than physical. To significantly
increase economic productivity it is necessary, therefore, to increase the
productivity of this knowledge-based and knowledge-driven work.

In the context of ACTIVE a knowledge worker is a specialist or an expert
dedicated to a specific knowledge intensive work domain within an enterprise.
He principally uses his experience, skill, and current working context to
understand summaries and create new knowledge from exiting pieces of work.
Knowledge workers bring ingenuity and inventiveness along with intuitive
dissension making in their daily work as well as for the team. Related tasks and
workers benefit in terms of learning, modifying and enhancing their workflows.

Page 8 of (31)
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1 Introduction

This deliverable is about metrics to quantify knowledge processes. Metrics are about the assessment of the
rating of knowledge processes. Knowledge processes in the scope of ACTIVE are about knowledge workers
using knowledge (skill, experience, etc.) to carry out a process to reach a specific goal. Knowledge processes
are not about processes to create knowledge [Active D1.2.1].

When talking about defining metrics for knowledge processes it makes sense to take into account the
influencing factors for those processes.

Knowledge processes within an enterprise mainly depend on three different factors. Firstly, there are
business processes which might trigger knowledge processes. For instance an activity of such a business
process might force a knowledge worker to start a knowledge process to prepare a presentation or a bid.
Secondly, a knowledge process might also trigger another knowledge process of another person. For
example Bob has to prepare a presentation and could ask Alice to provide some input to him. In this case
Bob uses his social network to enforce his informal process. Thirdly, knowledge workers will use the
existing knowledge within the organization by using document repositories or Wikis. These three factors
influencing knowledge processes are presented in Figure 1.

Business
Process

Informal
Knowledge
Process

Figure 1: Dependencies of knowledge processes within an enterprise organization

1.1 Motivation

The ACTIVE knowledge workspace (AKWS) is supporting knowledge workers executing knowledge
processes. To help a knowledge worker either to select a follow-up action or to restructure existing
knowledge processes the framework needs to quantify knowledge processes or knowledge process traces to
make them comparable. A difference to normal business processes or workflows is that for knowledge
processes also social aspects, like skill and preferences, and social network aspects, knows this person or that
person, is relevant.

There are different factors which might influence the quantification of such processes which is illustrated
with the following example. In Figure 2, different knowledge process traces are depicted. At KP#1 Alice
executed action A to create information. In action B she talked to another person and in action C she reused
the created information. The overall rating of this knowledge process is 10. At this point it is not important to
define what rating really means. It could be time, cost, etc.. The abstract rating could be seen as a
placeholder for various measures which are applicable for knowledge processes. In KP#2 Alice changed the
order and reuses the information directly after the creation which is better because it reduces the risk of
losing information or parts of it (the dotted lines of the rectangle in the figure highlights the modifications
compared to Alice’s KP#1). In Alice’s KP#3 she replaced actions C and B with an alternative action D. The

© ACTIVE consortium 2008 Page 9 of (31)
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rating increases to 11. But the rating represents only quantifiable values. When talking about knowledge
processes the knowledge worker is important to drive such a process. Thus, alternate values are also
important to evaluate knowledge processes, for example the skills of a user, if he or she has the rights to
access information or if it is possible to reuse knowledge from other users.

Bob is doing the same KP in a different way because of his skill and social network connections to Dave. He
is able to execute Z in combination with Dave. This is reducing the rating to 8.

" 3

Action measure

o e - )
Alice Alice Alice Bob
KP#1 KP#2 KP#3 KP#1

Information creation @
£
5
£
@
=
k.
o
Actions @
Or
Nodes
Y
Information usage
o 8

R=10 R=10 R=11 R=8

Figure 2: Different knowledge process traces of Alice and Bob (rounded rectangles= actions; small
hexagons= rating of an action)

This very small example shows how complex the quantification of knowledge processes and traces is as a lot
of factors have to be to taken into account.

In addition to the approach to compare traces of the same knowledge process of different users we are also
observing all knowledge process traces of every knowledge process of one specific user. This will help us to
identify social network aspects, such as preferred contacts, persons to work with, and user preferences, e.g.
Alice prefers to use the phone but Bob prefers instant message.

1.2 Document Overview

This deliverable is structured as follows. Section 2 is about providing an overview about the state of the art
of metrics for business processes, social networks and knowledge management. In section 3 we present
different categories of measures of metrics for knowledge processes. In section 4 we are aggregating and
combining the measures of different categories to indicators to make knowledge process traces comparable.
Finally, the conclusion in section 5 summarizes our approach.
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2 Metrics for Business Processes and KM

As Kankanhalli and Tan [Kankanhalli and Tan, 2004] already described metrics are measures of key
attributes that yield about a phenomenon. They also provide a basis for empirical validation models and
processes.

When talking about metrics for knowledge processes we have to clarify first what we mean by metrics and
second what can be reused from existing metrics from the domain of business process, social networks and
knowledge management.

2.1 What is a Metric?

A metric is a standard measure to assess performance in a particular area. First of all it is important to
distinguish between a metric and a measure. The IEEE standard glossary of software provides the following
definitions for measures and metrics [Kankanhalli and Tan, 2004]:

e A measure is a standard, unit, or result of measurement [IEEE 1983].

e A metric is a quantitative measure of the degree to which a system, entity, or process provides a given
attribute [IEEE 1990].

A measure is just a single value, like the temperature or time someone spent. Without a trend to follow or a
value to compare to, a measure is a value without context. Thus it is impossible to make a meaningful
decision based on a single measure. A metric is a comparison of two or more measures. Therefore, a measure
by itself does not provide much understanding unless it is compared with another value of the measure so
that it becomes a metric.

As it is stated in [Prosci], metrics are at the heart of a good, customer-focused process management system
and any program directed at continuous improvement. The focus on customers and performance standards
show up in the form of metrics that assess your ability to meet your customers' needs and business
objectives.

On [Prosci] you can find more concrete ideas about metrics. What you need are metrics that are Specific,
Measurable, Actionable, Relevant, and Timely aka the SMART objectives:

e  "Specific" in that your metrics are targeted to the area you are measuring. For example, if you are
measuring customer satisfaction, a good metric would be direct feedback from customers on how they
feel about your service or product. A poorer metric would be the number of returned products or number
of customer complaints.

e "Measurable" in that you can collect data that is accurate and complete.

e "Actionable" in that the metrics are easy-to-understand, and it is clear when you chart your performance
over time which direction is "good" and which direction is "bad", so that you know when to take action.

e "Relevant” simply means that you should not measure things that are not important. A common pitfall
of process professionals or standards groups is to measure everything, which produces many
meaningless measures.

e "Timely" metrics are those for which you can get the data when you need it.

2.2 Business Process and Workflow Metrics

The motivation to look at metrics for processes or workflows is to measure and compare the quality of such a
process. Quality can be seen from different perspective either in terms of stability (needs modifications or is
mature enough) but also in terms of performance or execution time.

The main purpose of software quality metrics is to obtain program designs that are better structured. Some of
the most important advantages of a structured design are, as pointed out in [Conte, Dunsmore & Shen, 1986]:

© ACTIVE consortium 2008 Page 11 of (31)
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o the overall program logic is easier to understand for both the programmers and the users, and

o the identification of the modules is easier, since different functions are performed by different
modules, which makes the maintenance of the software program easier.

According to [Conte, Dunsmore & Shen, 1986; Troy & Zweben 1981] the quality of a design is related to
five design principles:

e  Coupling—Coupling is measured by the number of interconnections among modules. Coupling is a
measure for the strength of associations established by the interconnections from one module of a
design to another. The degree of coupling depends on how complicated the connections are and on the
type of connections. It is hypothesized, that programs with a high coupling will contain more errors than
programs with lower coupling.

e  Cohesion—Cohesion is a measure for the relationships of the elements within a module. It is also called
module strength. It is hypothesized that programs with low cohesion will contain more errors than
programs with higher cohesion.

o  Complexity—A design should be as simple as possible. Design complexity grows as the number of
control constructs grows, and also as the size—in number of modules—grows. The hypothesis is that
the higher the design complexity the more errors the design will contain.

o  Modularity—The degree of modularization affects the quality of a design. Over modularization is as
undesirable as under-modularization. The hypothesis is that low modularity generally relates to more
errors than higher modularity.

In the literature we can find some work covering these four major design principles in more detail.

Nissen was among the first to introduce measurement concepts for business process modelling and business
process design in particular [Nissen 1994]. His work is motivated by the observation that business process
design is an ill-structured process and that it is, therefore, a case for business process reengineering on itself.
Based on a set of measurements for process models, he utilizes design heuristics and knowledge-based
systems for reasoning on the quality of the design. The proposed metrics cover counts for distinct paths,
hierarchy levels, and nodes in the process model, cycles, diameter and parallelism as number of nodes
divided by the diameter.

Tjaden, Narasmihan and Mitra operationalize four characteristics of a business process that need to be
balanced: simplicity, flexibility, integration and efficiency [Tjaden, Narasimhan and Mitra, 1996]. Simplicity
is calculated based on so-called basic complexity of the process, i.e. in essence the sum of nodes, arcs and
roles. The overall simplicity is then formalized as the average complexity of an activity divided by the
maximum complexity among activities. Flexibility and Integration are determined based on a list of scores
similar to function point analysis.

In [Reijers & Vanderfesten 2004] metrics for cohesion and coupling metrics are defined. The authors
distinguish between activity cohesion and process cohesion. The coupling of an activity is calculated based
on its relation cohesion and its information cohesion. The activity relation cohesion d describes in how far
an activity shares control flow input and output with other activities. It is defined as the sum of overlaps
between each activity pair divided by the maximum number of pairs with choices not being considered as
overlap. The activity information cohesion g determines how many information objects are used by an
activity more than once in relation to all information objects in use. The cohesion of an activity is calculated
asd N g . The overall process cohesion c is then defined as the average activity cohesion. The process
coupling k metric is calculated as the number of connected activities divided by the maximum number of
connections. That is, process coupling is equated with the density A of the process graph. The authors define
a process coupling/cohesion ratio as h = k/c with a low value indicating good design. The authors motivate
their approach by the fact that workflow processes are quite similar to software programs in some respects:

e  They both focus on information processing. Within each step, one or more outputs are produced on the
basis of one or more inputs.

e They are alike in their structure of components. Workflow processes and software programs have a
similar compositional structure. A program — functional or object-oriented— can be split up into
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respectively modules or classes. Every module consists of a number of statements, and every statement
has a number of variables and constants. Likewise, a workflow process has activities. Every activity is
built out of a number of elementary operations and each operation uses one or more information
elements.

e Their dynamic execution follows a static structure. In instantiating either a software program or a
workflow process, an execution flow of their elements takes place in accordance with their static
representation. This flow may involve consecutive executions, concurrency, conditional routings, etc.

The survey paper by Cardoso [Cardoso 2006] is saying that during the last 20 years, complexity has been an
interesting topic that has been investigated in many fields of science. In this paper, Cardoso investigated in
his paper the complexity concept to avoid a vague use of the term ‘complexity’ in workflow designs. He
presents several complexity metrics that have been used for a number of years in adjacent fields of science
and explain how they can be adapted and used to evaluate the complexity of workflows. He is distinguishing
between activity complexity, control-flow complexity, data-flow complexity, and resource complexity. The
metrics is mentioned are taken from

e Information theory where he used the entropy defined in terms of a discrete random event X, with
possible states 1..n

e  Kolmogorov complexity defined for as the length of the shortest binary program running on a universal
Turing Machine (TM) that can reproduce an object

e Cyclomatic complexity is centred on an adaptation of the cyclomatic number for business processes he
calls control-flow complexity (CFC) [Cardoso 2005]. CFC is calculated from a model by summing up
the split connectors weighted by the combinations of output markings they can produce.

e  Cognitive complexity is related to cognitive psychology that aims at studying, among other things,
thinking, reasoning, and decision making.

Modularity is another concept that builds on insights from software design. In essence, modularity relates to
the number, the size and the depth of nesting of modules. The approach by Lassen and Van der Aalst [Aalst
and Lassen, 2008] identifies structured components in arbitrary process models for the translation to
structured BPEL [BPEL]. These components can also be used to describe the process model in a quantitative
way.

Truong et. al. [Truong et. al. 2007] are looking at performance metrics for grid workflows. The metrics are
associated with different levels of abstraction. They introduce an ontology for describing performance data
of Grid workflows and illustrate how the ontology can be utilized for monitoring and analyzing the
performance of Grid workflows. In general they define the metrics listed in Table 1:

Table 1: Metrics of abstraction levels

Level of Abstraction Metrics

Code region e execution time
counter

data movement
synchronization
ratio

temporal overhead.
execution time
counter

ratio

scalability
execution time
counter

data movement
ratio
synchronization

Application level

Activity Level
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execution time
counter

ratio

load balancing
scalability
resource

Workflow Region Level

For knowledge processes we have to distinguish between two levels: (1) the level of knowledge process
definition and (2) the level of knowledge process execution (knowledge process instance).

Taking those metrics into account for knowledge processes it seems that some of them are too complex to
capture specifics of KPs. In general a knowledge process instance is a linear collection of actions of a
specific user. At [Customercare] we can find a more task/activity oriented list of metrics:

e Completion rate: Percentage of successful attempts to solve the task.

o Disaster (Failure) rate: Percentage of failed attempts to solve the task because the participants found
an incorrect answer which they believed was correct.

o  Completion time: Median time used by participants to complete the task.
e  Optimal time: Time to complete the task given an improved and realistic user interface.
e Frequency: Estimated number of times a staff member completes the tasks during a given period.

e Potential return: How much money and time can be saved or made by improving the efficiency of the
top tasks.

Another concrete list focusing on the user can be found at [Bohmann]. He claims that from usability studies
only two user performance metrics can be carried out:

e Time to complete a task or set of tasks
e Number of errors per task

Those metrics are intended to measure user performance only, while ignoring user satisfaction which is an
important factor for knowledge processes. A knowledge worker who does not like specific tasks would
guantify a process different compared to another knowledge worker.

2.3 Social Networking

In the enterprise very often the social network is one important factor for knowledge workers to execute a
process. Sometimes a worker might have connections to another knowledge worker which again another one
does not have. Because of these social graphs and networks within an organization it makes sense to take
also measures into account which help to quantify and qualify social networks in the scope of knowledge
processes. Quantifiable aspects are definitely connections between different workers within an organization
and the distance between them. A qualifiable aspect is the quality of a connection between two workers; do
they like each other or would they prefer to use a different approach to gather information instead of talking
to each other. These are measures we have to take into account for defining a rating.

Social network analysis (SNA) is not a new research topic although it became very popular over the last
decade because of the Internet in general and because of all the Web2.0 social network applications in
particular. One aspect in SNA is about collaboration graphs. Collaboration graphs can be used to illustrate
good and bad relationships between humans. A positive edge between two nodes denotes a positive
relationship (friendship, alliance, dating) and a negative edge between two nodes denotes a negative
relationship (hatred, anger). Those relationships are important to carry out informal processes, for example
Alice and Bob are preparing a bid. Dave is part of Bob’s social network because both play tennis in the
evening so Bob can use the contact to Dave to gather information from him for the bid he is preparing. This
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might be an advantage compared to Alice bid preparing process because Alice has to gather this information
in a different way either by buying it from Gartner (causing additional costs) or by spending more time in
searching for this information (causing a longer execution time). In Table 2 we present a set of metrics and
measures from SNA. Only centrality measures are of interest for rating knowledge processes. Centrality
measures address the question, “Who is the most important or central person in this network?” [Newman
2008]

In general we would call this availability to access various resources feasibility. As resource is either a
person or an information resource in our context. A knowledge process is feasible for a knowledge worker if
he or she has access to all needed resources (see 3.4).

Furthermore, Rasch models are used for analyzing data from assessments to measure things such as abilities,
attitudes, and personality traits. For example, they may be used to estimate a student's reading ability from
answers to questions on a reading assessment, or the extremity of a person's attitude to capital punishment
from responses on a questionnaire [Rasch].

Table 2: Metrics (Measures) in social network analysis' [Newmann 2008]

Betweenness Betweenness is a crude measure of the control exerts over the flow of information (or
centrality any other commodity) between others. If we imagine information flowing between
individuals in the network and always taking the shortest possible path, then
betweenness centrality measures the fraction of that information that will flow through i
on its way to wherever it is going. In many social contexts a vertex with high
betweenness will exert substantial influence by virtue not of being in the middle of the
network (although it may be) but of lying “between” other vertices in this way.

Closeness The degree an individual is near all other individuals in a network (directly or
indirectly). It reflects the ability to access information through the “grapevine" of
network members. Thus, closeness is the inverse of the sum of the shortest distances
between each individual and every other person in the network.

Clustering A measure of the likelihood that two associates of a node are associates themselves. A
coefficient higher clustering coefficient indicates a greater 'cliquishness'.

Degree The degree of a vertex in a network is the number of edges attached to it

Eigenvector A measure of the importance of a node in a network. It assigns relative scores to all
centrality nodes in the network based on the principle that connections to nodes having a high

score contribute more to the score of the node in question.

2.4 Knowledge Management and Competence Management

Knowledge Management (KM) has reached a consolidated status as a management discipline and has
provided manifold impressing business success stories in an economic world that become increasingly
knowledge-based. Since organizations have high expectations for KM to play a significant role in improving
their competitive advantage [KPMG, 2000], measuring the business value of KM initiatives has become
imperative. Many methodologies and metrics for KM have been developed in the last decades. Most of them
have a different understanding of the term ‘Knowledge Process’ as it is used in the ACTIVE context. In their
view knowledge process is creating, storing and retrieving, transferring and applying knowledge.

Methodologies for KM have been mostly designed to analyze KM on a conceptual level. For example in
CommonKADS [Schreiber et al., 2000] the analysis results in a description of the information and
knowledge structures and functions involved in the task. They provide templates for a top-down approach to
analyze knowledge-intensive tasks at different grain-size levels. Another methodology is the Knowledge

! Some taken from http://en.wikipedia.sorg/wiki/Social network_analysis (seen on 26/02/2009)
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Management Framework Methodology (KMFM) [Fireston, 2001], which specifies task patterns and tasks,
knowledge-related business structures, and patterns of iterative/incremental solution development. All this
methodologies have their focus on a broader comprehension of KM and do not provide a specific metrics for
knowledge process used in ACTIVE.

An overview of existing KM metrics can be found in [Kankanhalli and Tan, 2004]. Most of them focus on
the whole KM initiative and measuring knowledge assets or intellectual capital of an enterprise. In most
cases, the impact of KM initiatives is measured by providing systematic and comprehensive indicators based
on a number of subjective judgments. Most of these metrics cannot directly be used to provide a metric for
knowledge process, but they can be used to derive criteria for our metrics. For example, a knowledge
satisfaction metric has been defined by [Becerra-Fernandez and Sabherwal, 2001] regarding socialization,
externalization, combination, and internalization.

Competencies can be seen as abstractions of work-relevant human behaviour. They have emerged as a
promising concept for making human skills, knowledge and abilities manageable and addressable. Although
competencies are still an overly simplification of the “real” world, they are a more adequate approximations
than the notion of “knowledge” in traditional knowledge management approaches because they can represent
a set of skills, knowledge, and abilities that belongs together [Schmidt and Kunzmann, 2006]. Furthermore it
seems to be common-sense that competencies of individuals have to be developed and that this development
is a complex learning activity — in contrast to the language often used in knowledge-based approaches like
“transferring knowledge” [Schmidt, 2005].

Different stages exist by which competencies are developed over time. According to [Cornford and
Athanasou, 1995], we distinguish between five different stages:

e Novice: The beginner seeks all purpose rules to guide his/her behaviour. These rules are logical,
fairly consistent and the beginner typically is locked into these and unable to deal with situations
which require more than the application of rules.

e Intermediate: At this point experience starts to be important. The individual realizes, as knowledge
of different situations is accumulated, that the rules, which are of necessity generalizations, do not
adequately cover all situations.

e Competent: The competent worker exercises greater authority by setting priorities and making
plans. At this stage they have come to determine what is important and that the order of priority may
change with the circumstances.

e Proficient: In the proficient worker, intuition or “know-how” becomes important. They may no
longer consciously think about adjustments. They notice similarities between events. There is more
analysis and decision making with more flexible observance of rules.

e Expert: The expert has an intuitive grasp of situations. Performance is fluid and qualitatively
different. The knowledge of experts contains fewer rigid classifications of areas of data with there
being a mastery of understanding of the interrelationships and linking between the different areas of
knowledge.

For our metric for knowledge processes these competencies are relevant, because they describe the
experiences of a knowledge worker and they thus have an influence on the rating of each knowledge
process instance.
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3 Metrics to Quantify Knowledge Processes

This section provides various measures for knowledge processes. They are categorized on terms of level of
confidence which we introduce in section 3.2. These levels are (1) measurable metrics, like size or cost, (2)
user-dependable metrics, like skill, and (3) qualifiable measures, like the quality of the result.

Before we start with metrics and measures we would like to clarify certain terms we are going to use within
this section.

3.1 Terminology

A knowledge process is a loosely structured and ramified set of actions (see Figure 3). A user — in this case
‘Bob’ — is carrying out a knowledge process instance. After each action, e.g. at T1 after action al, a user has
to select a follow-up action out of a list of admissible actions. At T1 the admissible actions are a2, a6, and a4.
At the end of the knowledge process the user has defined his personal knowledge process instance or
knowledge process trace. This knowledge process trace can be represented by a graph G containing nodes n
which represents the selected actions (Ggop, cx=[a1, a2, a4, a6]).

KP(Bob, ctx1)=[] i KP(Bob, ctx1)=[al] I KP(Bob, ctx1)=[al,a2] | KP(Bob, ctxl)=[al,a2,a4] | KP(Bob, ctxl)=[al,a2,a4,a3]

TO(Start) j T1 :‘ T i T3 3 T4
*current activity=null ! *current activity=al ! * current activity=a2 ' *current activity=a4 ' *current activity=a3
* admissible activities are * admissible activities are * admissible activities are *admissible activities are *admissible activities are
[al, a2, a4, a6] ; [a2, a4, a6) | [a3,a4,a6] 1 [a3,a6] i [a5,a6]
t

Figure 3: Knowledge process instance creation over time

In the following we are looking at various knowledge processes traces either of the same user or of different
users (see Figure 4). This enables us to compare the measures of different traces and to derive a metric out of
it.

Alice Alice Alice Bob Dave

KP#1 KP#2 KP#3 KP#1 KP#1

Figure 4: Different knowledge process traces
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3.2 Level of Confidence

Comparing and defining metrics for knowledge processes is not an easy task. We have seen that different
approaches from the business process and workflow domains, social networking or knowledge management
provide different perspectives on the topic. Actually, we can identify different so-called ‘levels of
confidence’ when talking about measuring or quantifying such processes. The following metrics can be
grouped in three different level of confidence (see Figure 5):

e High (Measureable Metrics): Metrics with a high level of confidence are objective measurable by
time, number of actions. It is possible to express them in a quantifiable way.

e Mid (User-dependable Metrics): These metrics are still computable and measurable but highly
depends on user’s preferences, like a preferred tool or connection to specific person from her social
networks.

o Low (Qualifiable Measures): Measures with a low level of confidence are containing subjective
information, like user feedback.

Level of confidence

high
- Doiech AN
quantitative | mesuerable
Computable )
User dependend (skill) mld
. . Subjective
qualitative '\ user feedabek U ow

Figure 5: Level of confidence

The level of confidence does not express the importance of a metric.

3.3 Measureable metrics

Measureable metrics are metrics with a high level of confidence. They are objective and quantitative. We
distinguish between three different categories: complexity, performance, and costs. Each category is defined
by measures like size or time to execute.

331 Complexity
As we have learned, design complexity grows as the number of control constructs grows, and also as the

size—in number of nodes—qgrows. The hypothesis is that the higher the design complexity, the more errors
the design will contain.
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3.3.1.1 Size S

The easiest measure of the complexity of a KP trace is the size of such a trace. The size S of a knowledge
process trace is defined by the number of nodes N of the knowledge process trace graph G

S(G) = count (N)
3.3.1.2 Dependability D

The number of inputs and outputs of a KP is another very important measure for the complexity of a KP
trace. Possible inputs or outputs are communications with others, like colleagues, or interactions with
applications, like mail, browser, or devices, like phone. The number of inputs N;, and outputs N, we call
dependability D. The dependability D of a knowledge process trace graph G is defined by

D(G)= count(N;,)+ count(Noy)

A trivial example is Alice working on her desk with her computer and using only Outlook to communicate
with others to gather information and Word to create a document. Bob is working differently. He likes to
schedule meetings with others using different machines, like his desktop computer and notebook, and
various applications. He is taking notes in OneNote. Because he prefers direct communication he uses the
phone and Messenger for communication. Finally, he combines Excel and Word to prepare a document. His
process is much more complex than Alice’s process. Bob has to care for synchronizing his notebook and
desktop computer, he has to sync various sources of information and align everything with the final
document.

3.3.1.3 Diversity V

The number of different types of inputs and outputs also contribute to the complexity of a KP trace. Type
can be other persons, systems and devices. If there are more different types involved it has a direct impact on
the complexity because the user has to adapt his behaviour. As diversity V of a knowledge process trace
graph G is defined by the number of different types T; for input and outputs
¢
w0 = CE6EA("
Q1

Diversity is about different types of input and output. Looking at the example above where Alice is using
only her computer Bob prefers direct conversation but it is a mix of meetings, phone, and messenger.
Therefore his process is more complex than the process from Alice.

3.3.14 Separability Y

We call the number of nodes N between information resource creation and usage of a KP graph G
separability Y (see Figure 6). This is an important metric because it describes the risk of losing information
created on one node before reusing it. In Figure 6 Alice created two KP traces (KP#1 and KP#2). In KP#1
she did not reuse the information created at node A directly in the successor node B. In KP#2 there is no
intermediate step between information creation and information usage. The risk of losing this information is
less than in KP#1. Furthermore the trace could be restructured. Node b could be separated from node A and
node C because there is no strong coupling.

The separability Y, of single information | created at node N¢ and used at node Ny of a model graph G is
defined by

@9 = Ovo Uso
The complete separability P of all information n of a model graph G of is defined by
¢
®0= (bvo Uod
/1
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Information usage

Figure 6: Separability of KP traces

The case of an action which uses and creates information in one step is illustrated in Figure 7. The ‘convert
to $’ action is virtually split into an action ‘Send number in Euro’ and ‘Get numbers in $’. Therefore we can
ensure that each action can either create or use an information resource so that the separability definition
would also work in this case.

IB usage

Figure 7: Restructuring of traces for actions with information creation and usage

3.3.15 Structural Complexity SC

All mentioned measures so far are related to KP traces. Another measure, we can define in scope of a KP is
the structural complexity. The structural complexity of a KP is depended on the number of admissible
actions (which is related to CFC for workflows). The number of admissible actions N, of an action A we call
structural complexity SCa and is defined as

SCa= count(Na)
This results in the following structural complexity SC of a knowledge process graph G with n action steps
¢ ¢
" = o= GEOE N9
®1 ®1

3.3.2 Performance

The time T to execute a KP trace is defining the performance. This is depending on the number of repetitions
r of a specific KP because the tenth execution is more effective than the first one (see Figure 8). The skill is
evolving over time; the user might know whom to ask or where to find specific information. To make
different KP traces of the same KP comparable we have to norm them. As such we define the performance
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P of a KP trace graph G by the execution time t multiplied by the number of repetition r with x and ¢ as
calibration values

0 0O=i1%z20+ @ x>1

r

Figure 8: Decreasing execution time t after four repetitions r

3.3.3 External Costs

The cost C of executing a KP is related to the usage of external resources, like usage of a travel agency or
using a Gartner report. Instead of using a Gartner report which costs some money the knowledge worker
could prefer to gather the information by him. C does not take into account the user and his salary.

3.4 User-dependable Metrics

User dependable metrics are quantifiable but hard to define by a simple formula. For example describing the
skill of a knowledge worker is domain and problem depended.

3.4.1 Skill Value Vector K

We are defining K as the skill value vector for each knowledge worker. A Skill; is needed to execute a
specific action of a knowledge process as mandatory or optional.

nm
Yf@&
é

L=

with
n = total number of skills in one enterprise domain, and

Skill; = (Novice=1 | Advanced beginner=2 | Competent=3 | Proficient=4 | Expert=5)

This enables the metric to be domain independent. For a concrete skill value vector, we could either extract
specific skill or competence data from the organization or define it per user using a specific ontology and
reasoning mechanisms.
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3.4.2 Feasibility F
Feasibility F is defined by the fact that a user has access to information or not. F is either 1 if the user has
access or 0 if not. Thus, F captures whether a knowledge process trace is executable by a user or not.

In addition there are user preferences about using applications, devices, or resources. For example a
knowledge worker prefers to use the phone instead of mail or she prefers to use Internet Explorer because of
a proper integration of SharePoint. Those preferences might also have an influence on the execution of KPs
and the reason why a KP trace is different to others.

3.5 Qualifiable Measures

As already mentioned, qualifiable measures are of low level of confidence in terms of accuracy of
measurement. They are highly depended on user feedback, feelings, and impressions. They could be seen as
soft facts, like the quality of the result or the satisfaction of executing one action (“like to do this activity” or
“T hate to do my travel expenses!”). Nonetheless, these measures are important for comparing knowledge
process traces. One goal to set them into relation with higher level of confidence measures so that we are
able to quantify these qualifiable measures as well.

The following two measures are the most important for knowledge processes. While the quality of a result
can be evaluated by different users (the creator, the manager, the receiver etc.), the satisfaction is strictly
coupled with the knowledge worker who is carrying out the KP trace.

35.1 Quality Q
The quality Q of a result R of a KP trace graph G is defined by the following concrete values

Q(G)r= (low=1|mid=2|high=3)
3.5.2 Satisfaction SF

The satisfaction SF, of a user to execute a specific action A is defined by the concrete values
SFa = (low=1|mid=2|high=3)

It results in an overall KP satisfaction SF of a KP tract graph G with a actions

&

‘a1
3.6 Summary of Metrics

Table 3 provides a short overview of the defined metrics and associates different levels (KP, KP trace, User,
Action) and level of confidence with them. The level defines the level of applicability.

Table 3: Metrics overview

Metric Scope Level of
confidence
Size S KP trace High
Dependability D KP trace High
Separability P KP trace High
structural complexity SC | KP High
CostC KP trace High
Performance KP trace High
Skill K User Medium
Feasibility F KP trace Medium
Quality Q KP trace Low
Satisfaction SF Action Low
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Finally, we do not think that this list of metrics is complete. We believe that during empirical studies, the list
of metrics will develop and emerge over time. In the following section we will present approaches for
aggregation and calibration that are taking this dynamicity of the approach into account and that are
providing flexible methodologies to add new metrics.
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4 Methodologies for Aggregation and Calibration of Metrics

In section 3 we described different levels of confidence and for each level different metrics and measures.
Our next step is to set those metrics into relation. This will enable us to validate non-quantifiable measures
and also to calibrate different measures in relation to others (see Figure 9). For calibrating the measures form
different levels of confidence we are grounding the mid and low level of confidence on the high level of
confidence measures. The first approach is combing the high level of confidence measures with the low level
of confidence (see section 4.1). This enables us to express the measures about quality on metrics like time,
cost etc.

The second approach is combining high level of confidence values with mid level of confidence levels so
that we can express user skills and feasibility in terms of size, cost etc. (see section 4.2).

Our approaches are trying to base the less quantifiable measures on objective measures therefore we are not
combining the mid with the low level of confidence measures because it would not base the metrics on
objective level.

4 N
High Level of Confidence
Measurable metrics

- Size, Performance, Cost. ... -

Cnmpare\- -/ Compar_e
skills with quality with
measurable measurable
metrics medrics
Mid Level of Confidence Low Level of Confidence
Uszer-dependable metrics Qualifiable Measures
- Feasibility, ... - = Quality, Satiffaction... -

Figure 9: Connection between levels of confidence

It is clear that there is no general solution to measure knowledge processes and that it is also not possible to
calibrate all parameters. The following sections are explaining how these parameters can be calibrated case
by case.

4.1 Knowledge Process Trace Indicator of an Knowledge process of a
Person

First we start looking at one specific knowledge process of one person. This is useful to reduce any noise
from our data, such as different social network connections or different knowledge process data. In this case,
the knowledge process traces are almost the same. Thus they are easy to compare. Furthermore the
knowledge worker who is driving the process is also the same so that we can neglect all user-dependable
metrics because they would be the same as well. Therefore, this approach enables us to compare metrics of
high level of confidence with metrics of low level of confidence.

To aggregate them, we are following a logic score of preferences (LSP) approach. As described in [SEAS]
LSP is a cutting-edge, proprietary evaluation methodology with theoretical foundations in continuous logic
and advanced optimization techniques. LSP has been used in over 50 professional projects involving
evaluation, optimization, comparison, and selection of products and services. In [Reiff 2007] it is used to
support service selection based on non-functional properties.

We are following the approach of Buckley and Dujmovic who describe how LSP is capable of reducing a
large and complex set of attributes into a single overall indicator [Buckley, Dujmovi¢ 2008]. The adapted
process is illustrated in Figure 10. The process describes how measures are taken from knowledge process
traces data source. As soon a knowledge worker executes a knowledge process, the system stores relevant
measures, like time etc., to this store. Other data can easily be mined from the stored data. This includes size
of the trace or dependability. Furthermore we need to collect and store qualifiable measures in the store as
well. This means that we have to collect this data by asking the knowledge worker, the manager or another
expert about the quality of the result or the satisfaction about the process execution.
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The values of high level of confidence size S, dependability D, diversity V, separability Y, structural
complexity SC, cost C , and performance P are inputs for the LSP calculation. For each measure we specify a
specific performance indicator function

OF "R 0I5 "YO,6,(™,6,0 ¢2QG [0,1]

Following the LSP approach the performance indicator is based on [Dujmovic 2005].
(1) O max 0,a'® 1, REM 0'UQye o dha QG < G
The result of this equation can be interpreted as a percentage contribution to the overall performance

indicator. Those resulting values E; are called elementary performance indicators. The next step is a logical
aggregation of these values

) Q= 0(0yx.8,Q)
The aggregation function could either be a very simple weighted function or a generalized

conjunction/disjunction function [Dujmovi¢ and Larsen, 2007] which is usually implemented using the
weighted power mean. Using the simple weighted function, E, can be calculated as follows:

(3) Q=1 Ov+] o+ 8+1 6Q 0EQABRy o= 1
To aggregate the qualifiable measures to an overall indicator QM we are following the same approach using
guality feedback Q and satisfaction SF. For quality feedback we have to take into account that this could be
more than one measure because we could ask different knowledge worker to provide feedback about the
achieved result by executing a specific knowledge process trace. In general this does not impact the overall

approach. In such a case we would see the different quality measures as values which we have to aggregate
to the overall indicator. QM can be computed as follows:

(4) 00 =Byl 4ot vy 0'GOBHN = 1

Informal knowledge process traces data
Extraction of metrics
Measurable metrics Qualifiable measuras
(high level of confidence) (low bevel of confidence)
Size Dependabilll:.r Egg;‘::' ﬁﬂﬂh Satisfaciion
— Y J' Y v Y Y Y
ericn . r r ¢
function — gl{s) g:{HD] b Q“LC) fl'.? t.Q) fSF{\.SFj
Ny 4 S '
Logic - o
Aggregation - EQ — LLES, E.D! ey EC‘:‘ Q."r'f = LQM{\EQ! Eg;]
KP A
Indicator - I = E
Eo

Figure 10: Extraction and structure of LSP criterion
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LSP usually evaluates the overall quality indicator as a function of the overall preferences and the total costs.
For knowledge process trace evaluation an absolute measure, called knowledge process trace indicator is
calculated. The overall preferences from LSP are replaced with qualifiable metrics, quality and satisfaction,
and the total costs are expressed in terms of overall performance.

Therefore, the final evaluation and selection step is to use a satisfaction/performance analysis to compute an
overall knowledge process trace indicator Igv as a function of the overall satisfaction QM and the overall
performance indicator E,,.

6 & =%

A small example should explain the aggregation and calculation of the knowledge process trace indicator I.
In the example there are five knowledge process traces (#1 - #5). The measurable metrics for those processes
are listed in Table 4. The columns E; are presenting the LSP based calculated values following (1). The
bottom line E, shows the overall performance indicator of each trace following (3). All values do have the
same weight within this calculation.

Table 4: Measureable metrics and LSP calculation of 5 example traces

KP#1 | Ejy | KP#2 | Eisp | KP#3 | Eiss | KP#4 | Eiw | KP#5 | Eiss
Size S
(number of activities) 5| 0.667 6 | 0.333 5| 0.667 7| 0.00 41 1.00
Dependability D
(number of in & out) 3 | 0.500 4 | 0.000 3| 0.500 4| 0.00 2| 1.00
Diversity V
(number of types) 2 | 1.000 2 | 1.000 2 | 1.000 3| 0.00 2| 1.00
Seperability Y
(overlap) 4 | 0.000 4 | 0.000 3| 1.000 3] 1.00 4| 0.00
Structural Complexity SC
(# of admissible actions) 11 | 0.286 9| 0.571 13 | 0.000 6| 1.00 8| 071
External Costs C
(in Euros) 150 | 0.000 100 | 0.385 150 | 0.000 20 | 1.00 90 | 0.46
Performance P

10 | 0.833 15 | 0.417 10 | 0.833 20 | 0.00 8| 1.00
Eo 0.469 0.387 0.571 0.429 0.739

Table 5 is showing the same calculation for qualifiable measures calculated using (4).

Table 5: Qualifiable measures and LSP calculation of 5 example traces

KP#l | Ejum | KP#2 | Ejs | KP#3 | Ejw | KP#4 | Eju | KP#5 | Eis
Quality Q
(qualified by Alice) 2 | 1.000 3| 0.000 2 | 1.000 3| 0.00 2| 1.00
Quality Q
(qualified by Alice's manager) 1| 1.000 2 | 0.500 2 | 0.500 3| 0.00 1] 1.00
Satisfaction SF
(ranking by Alice) 3| 0.000 3 | 0.000 3| 0.000 2| 1.00 2| 1.00
QM 0.286 0.071 0.214 0.143 0.429

Finally, Table 6 shows the five knowledge process trace indicators. Apparently the KP#2 has the lowest
indicator and KP#1 has the highest (I was calculated by using (5) .

Table 6: Knowledge process trace indicator of 5 example traces

KP#1 KP#2 KP#3 KP#4 KP#5
| 0.609 0.185 0.375 0.333 0.580
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4.2 Interaction Metrics through Mining Knowledge Processes of one
Person

In this scenario we want to demonstrate the comparison of personal skills, as presented in the person skill
vector K (see Section 3.4), to skills required by a knowledge process or a knowledge process trace.

Then we will compare them to the measurable features of the process and calculate an overall process
indicator.

The employee has the following skill vector K:

A specific process i has requirements that are specified in the Required Skill Vector RSP;:

YYo= 'g?b
There exist processes in which a special skill is not required. To avoid a falsification, we will introduce a
vector KS:
(1
o= &
(e
The elements i ; of 0 ®will be determinate the following way:
(- 1 for "> 0
2" 0for "YO@i= 0

In order to measure the qualification of a knowledge worker towards a knowledge process, we subtract the
Required Skill Vector RSP; from the Skill Vector K and multiply the result with vector KS;:

M= U YYVq DY
The value (gneeds to be normalized. We do this and create the Skill Factor SkF:
YOO= max 0,6'@ 1, -———— 0GR ¢ @ hax EQ e < Qam

Wy Wie
For our last calculation step we will use the overall performance indicator Eq as presented in 4.1.

Now we can calculate the overall knowledge process trace indicator lgr as a function of the skill factor SkF
and the overall performance indicator Ej:
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4.3 Applying Metrics to Knowledge processes over Different Users

In this scenario we want to compare a knowledge process performed by one knowledge worker to the same
knowledge process performed by other knowledge workers.

To reduce the complexity of the scenario we will not differ between information resource constraints or
feasibility instances through social networks as stated in the definition of Feasibility F. That means that a
knowledge worker has access to the same social networks and can revert to the same information as another
knowledge workers for all knowledge processes with F=1. This is necessary to make two instances of a
knowledge process performed by different knowledge workers comparable.

We preselect the best knowledge process instance of each knowledge worker by using the indicator from
Section 4.1.

For each knowledge worker j we calculate a skill indicator Sl by using the required skill vector of the
knowledge process and the skill vector K

o= Up Yo DM

Now we can calculate the overall knowledge process instance indicator | as a function of the indicator from
Section 4.1, the feasibility F and normalize it with a weighted skill indicator SI:

W 007
@: _Q)hz @21 "y z | yq

To be taken into account that | has to be greater than 0, we ignore KPs with 1=0.
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5 Conclusion

This deliverable provides an approach to calculate a knowledge process trace indicator based on different
categories of metrics. Approaches of business processes and workflow metrics and measures are not directly
applicable because they do not cover specific aspects of knowledge processes. Therefore we adapted metrics
of business processes and workflows about complexity and costs of knowledge processes.

This deliverable provides an approach to calculate an overall knowledge process trace indicator based on
different categories of metrics. Approaches of business processes and workflow metrics and measures are not
directly applicable because they do not cover specific aspects of knowledge processes. We adapted metrics
of business processes and workflows about complexity and costs for knowledge processes. In addition to this
the metrics do also cover some knowledge worker specific values because he decides about follow up actions
within a knowledge process using his skills and context. This is an important distinction between business
processes and knowledge processes so that we added additional metrics which reflects skills and roles of
knowledge workers directly.

We categorized the metrics into
e Measurable metrics, for example size, performance or external costs
e User-dependable metrics, for example skill or feasibility

e Qualifiable measures, for example quality of the result or satisfaction

Furthermore, using an LSP-based approach enables us to express the knowledge process trace indicator as a
function of metrics of all these categorizes. This provides a highly flexible methodology to aggregate
different metrics. Basically, the usage of weights for each of the values makes this approach adaptable and
tuneable for different perspectives. The calibration of the weights is clearly not solved in this deliverable
since this is a very organization specific task.

This deliverable does neither cover any refactoring pattern for knowledge processes nor validation using
knowledge management description language (KMDL). This will be covered in the next deliverable which is
going to investigate how the metrics and refactoring can be used together to support a semi-automated
approach to refactor knowledge processes. Furthermore, we did not take any information into account about
knowledge process quality model (KPQM) although this looks promising. This is mainly due because there
is a lack of detailed information about it available at the moment.

Finally, the approach presented in this deliverable is not restricted to the measures and metrics provided in
this document. The approach can be easily extended by taking additional metrics into account. This is
important since we expect to adapt the metrics as soon we start to use them for refactoring of knowledge
processes.
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