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Abstract

Knowledge Management (KM) projects are socio-technical systems that enable knowledge
activities and ensure that the right knowledge gets to the right person at the right time. The
crucial role of KM in achieving companies’ organizational objectives generates a great
interest in KM projects and an increasing trend in KM adoption. As the number of KM
applications is growing, there is a focus shift towards measuring performance of such KM
projects in order to rationalize their usage. In fact, there have been several models
developed for KM performance measurement in the literature. While most of these models
address mainly the performance of the whole KM of the organization and do not assess each
KM project separately. Other measurement models are tailored for a specific KM project. In
this work, we propose a generic KM performance measurement model fitting any kind of
KM projects. This model is built on existing KM models literature and enhanced with
theoretical findings. In particular, it is composed of three interrelated sub-models: KM
processes, socio-technical influencing KM factors and KM key performance indicators.
Moreover, it follows the reference modeling design process in view of producing a high
quality model.

Keywords: knowledge management model; performance measurement; reference model;

Introduction

Knowledge is recognized as a key resource
for organizational success. Making the best
use of this resource is an important
concern for both researcher and
practitioner (Barthelme-trapp and Vincent
2001). To obtain all Knowledge
Management (KM) benefits, it is necessary
to measure the KM performance (Ragab

and Arisha 2013). Since there are no
standards in measuring KM performance,
many approaches and models are proposed
in the literature. They argue that KM
performance measurement follows three
phases: defining the KM objective for which
the performance will be measured,
modeling the components of the KM to be
measured, and identifying a set of relevant
measures for each component of the model
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(Wong et al. 2013; Oufkir et al. 2016).
However, literature on the KM
performance measurement still raises
some critical constraints to be considered
when creating a KM performance model:

¢ Diversity of KM applications. Along
with the growing number of KM
applications, performance measurement
design becomes more constraining.
Dealing with the diversity of KM projects
requires either multiple performance
measurement models or a generic one
that can be applied to all settings (Del-
Rey-Chamorro et al. 2003). However, no
generic KM  project performance
measurement model has yet been
proposed in the literature while a
significant number of approaches deal
with specific project assessment or
assessment of the overall KM
organization (Wong et al. 2013).

e Variety of KM models. Due to the
broadness of KM field and the lack of KM
standards, existing KM models vary in
scope and focus. A widely adopted
taxonomy identifies three trends in
designing KM models (Dudezert and
Agnes 2006; Wong et al. 2013; Handzic
2011): the first one is based on the
understanding of knowledge concept,
the second approach focuses on the
knowledge flows in the organization,
and the third approach considers the
social-technical  aspect of KM and
related impact factors. Indeed, each
approach is valuable in itself, but
constitutes only a partial view of KM.
Handzic (2011) raises the need of a
unified model that incorporates the
three previous views. Also, he tackles
the need to develop a deep
understanding of each KM core terms.

e Lack of scientifically proven KM
model.The analysis of the KM models
literature leads to the conclusion that
little academic work exists on designing
a KM model in a scientific manner.
Indeed, recent studies criticize the often
missing model validity check and the
lack of quality concern in designing
models (Matook and Indulska 2009).
This is particularly true for KM model
design. To the best of our knowledge,
KM model design is based on both KM

requirements and qualitative review of
existing KM models. It is usually subject
to empirical application to check model
effectiveness (Handzic 2011) but is
rarely subject to quality validation.
Therefore, there is a need to integrate
KM model quantitative valuation in
designing KM models.

Thus our work focuses on the following
research questions (RQ):

- RQ1: Is it possible to design a
generic KM model able to assess
diverse KM projects?

- RQ2: What are the key elements
that a generic performance
measurement KM model should
cover?

- RQ3: How to design our generic
KM model in accordance with the
scientific design method to ensure
its validity?

To address these issues, we propose a
design of reference model (RM) for KM
performance measurement (KMPM) that
draws from both the literature review of
existing KM models as well as the
performance measurement requirements.
The model design follows the quality
driven design approach: a five step design
methodology that provides a model quality
assessment based on predefined RM
quality criteria. Our reference model is able
to assess both the overall organizational
KM and any specific KM project thanks to
its generic process and KPI sub models.
Such reference model provides a common
formalization for researchers with a global
view, theoretical background and precise
terminology. Practitioners also need this
conceptual model to help them to better
assess KM initiatives both jointly and
separately and to identify those that are
adequate to their context.

The remainder of the paper is organized as
follows. Section 2 provides an overview of
related work about knowledge
management modeling. Section 3 includes
an introduction of the reference modeling
design and presents the adopted design
steps of our model. Section 4 summarizes
our contribution and points on some future
work.
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Related Work

According to Davenport and Prusak
(1998); Alavi and Leidner (2001), KM
refers to methods, mechanisms and tools
designed towards preserving, valuing,
creating and sharing knowledge with a
view to furthering the organization's
objectives . Implementing a KM project in
an organization consists of implementing a
socio-technical system that is able to
ensure KM processes.

Reviewing literature on KM models shows
that researchers suggest three major
components for KM (Dudezert and Agnes
2006; Wong et al. 2013; Handzic 2011):

¢ Knowledge resources: refer to the
whole organization knowledge (Wong et
al. 2013). According to Davenport
(Davenport et al. 1998), the knowledge
resources include: human capital (e.g.
employee staff, customer and suppliers),
knowledge capital (quantity and quality
of knowledge possessed by the firm) and
intellectual property (the product of
knowledge creation that generates
value).

e KM processes: involve activities related
to knowledge flow in the organization
considering knowledge dynamic nature
(Alavi and Leidner 2001).

e KM factors: other than KM resources and
processes, researchers consider the
importance of some influencing factors
for the support and the success of KM
initiatives (Ragab and Arisha 2013), (Ale
et al. 2014; Wong et al. 2013).These
factors include cultural, structural and
technological aspects such as trust
culture, centralization structure and IT
support.

Nevertheless, the literature presents
evidence of the relationship between
knowledge resources and knowledge
processes. Handzic (2011) argues that
knowledge resource perspective is deeply
anchored in the process perspective as
knowledge resources are transiting
through the KM processes; they represent
their outputs. Besides, the performance
measurement is more of dynamic
knowledge matter than static knowledge
(Lerro et al. 2012; Nonaka et al. 2000).
Accordingly, we do not consider knowledge

resources as a stand-alone perspective
whereas we assume that understanding
knowledge is very important in order to
achieve proper knowledge process model
design. Therefore, the knowledge view
yields some important observations:

¢ Knowledge exists in many forms in the
organization. At least two forms of
knowledge are particularly valued: the
tacit knowledge that is rooted in action,
experience and involvement in a specific
context; it is composed of beliefs, know-
how and skills. And the explicit
knowledge that is articulated, codified
and communicated in symbolic form
and/or natural language (Alavi and
Leidner 2001). Both forms interact
permanently in the enterprise through
many conversion mechanisms (Nonaka
etal. 2000).

¢ Knowledge exists in the organization in
different levels (Nonaka and Takeuchi
1995; Grundstein 2012).We distinguish
first the organizational level that is
shared among distributed actors
belonging to the same organization (e.g.
knowledge incorporated  within
routines, models and regular and
predictable behaviours). The second one
is the collective knowledge which is
owned by a group of persons that share
a mutual identification, actions and
projects (e.g. communities). The last one
is the individual knowledge which is the
personal and intangible knowledge. It
encompasses people abilities, know-how
and know-what...

The KM factors perspective emphasizes
that knowledge mobilization within
organization is strongly context-sensitive.
It is made up of two separate attributes
related to the socio-technical aspect of KM:
the technical factors that consist of the
project infrastructure and supporting
technologies, and the social factors that
depend on the dominating culture, the KM
structure and the human aspect. Several
authors study KM factors theoretically and
empirically and come to a firm agreement
on their identification (Ale et al. 2014;
Wong et al. 2013), (Ragab and Arisha
2013).

Regarding the KM process perspective,
literature shows a broad range of models.
Nonaka et al. (2000) propose the SECI
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model that presents four ways for
knowledge types conversions: socialization
(tacit knowledge to tacit), externalization
(tacit to explicit), internalization (explicit
converted into tacit) and combination
(explicit to explicit). SECI model introduces
the BA context as a KM factor, a Japanese
term meaning “place”, that refers to the
specific context (place, energy and quality)
needed for the effective knowledge flow.
On the other hand, the knowledge
circulation process (KCP) proposed by
Chang (Chang Lee et al. 2005) consists of
knowledge creation, knowledge
accumulation, knowledge sharing,
knowledge utilization and knowledge
internalization  processes. The basic
assumption behind the KCP is the work of
Alavi and Ledner (Alavi and Leidner 2001)
that  considers  knowledge  having
multifaceted characteristics: object, state of
mind, access to information, process and
potential for influencing future action. The
KCP and the SECI models are the most used
models for KM performance measurement
purpose. Grundstein (2012), in turn, builds
a model composed of four generic
processes: identification, preservation,
recovery and valuation of knowledge.
These processes respond to the recurrent
knowledge problems recognized in the
organization and provide a detailed
description of knowledge flows by
breaking down each generic process into
more specific sub-processes. Other models
presented in the literature are more
empirical and depict the author’s point of
view about KM activities. Knowledge
management process cycle proposed by
King (2009) is an example of such models.

On the basis of the previous analysis,
studied KM perspectives stress on the
following points:

e Most of the reviewed models were
developed wunder a special KM
perspective or as a solution to a
particular organization problem.

e Reviewed models globally share the
same central idea that KM processes
depict the knowledge flow in the
organization. However, the delimitation
of process scope is controversial with
the exception of core functions (creating,
preserving and transferring knowledge).

e KM processes involve interactions and
conversions between knowledge in all
its forms: the tacit and the explicit type
besides the individual, the collective and
the organizational aforementioned
levels.

e Two models seem  particularly
interesting for the performance
measurement purpose among all
reviewed KM process models: the SECI
model (Nonaka et al. 2000) that
considers KM processes as knowledge
forms conversions, and the Grundstein
process model (Grundstein 2012) that
defines generic processes and sub
processes in accordance with
organization = knowledge  problems.
Combining both approaches while
designing a KM model can contribute to
our requirement in twofold: it structures
KM project according to Knowledge
problems and knowledge forms and it
facilitates the performance
measurement through the KM process
decomposition to the desired
granularity.

e A context that brings together cultural,
structural and technological factors is
conducive to the deployment success of
the KM. This aspect was largely
discussed in the literature that shows a
broad agreement on these factors
identification.

On the other hand, performance
measurement relies basically on
performance measures which provide a
benchmark of progress towards the
performance achievement. Existing work
on performance measurement applied to
KM stresses on the importance of KPI and
categorizes them in different ways (Wong
etal. 2013). Indeed, Kuah et al. (2012) state
that KM can be viewed as a system based
on KM processes that consume inputs and
produce outputs, and that these variables
can be used as a proxy to measure KM
performance. Del-Rey-Chamorro (Del-Rey-
Chamorro et al. 2003) addresses two kinds
of KM measures : core outcomes in the
strategic level and performance drivers in
the operational level. Goldoni and Oliveira
(Goldoni and Oliveira 2010) suggest that
KM metrics can be divided into process and
result metrics. This suggestion aims to
measure KM performance at different
levels of the organization. Globally, all
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previous studies agree that KPI is an
important element for performance
measurement and that it monitors
significant KM components.

Design of the KMPM

In this section, we present an overview of
the reference model design. Then, we focus
on a special reference model design
approach that we apply to the case of
knowledge management reference model
design.

Reference Modelling

Generally, a Reference Model (RM) serves
as a starting point for developing solutions
according to a concrete problem in a
scientific manner (Scheer and Niittgens
2000). RMs refer to aggregated, generic or
theoretical models that need adaptation for
a specific concern (e.g. a project
development, an enterprise) (Andreas and

Since a low quality RM can be damaging for
the organization, a considerable number of
works focus on guiding the development
process to achieve a better RM quality
(Winter and Schelp 2006),(Andreas and
Frank 2016; Matook and Indulska 2009;
Thomas 2006). Reviewing research on the
subject shows a list of shared RM
requirements. Andreas and Frank (2016)
present these requirements as a five step
design methodology (cf. Fig 1).

Phase 1 is the scope definition which
involves the identification of the scope and
the target model. In the second phase, the

literature review on the subject is
gathered and analyzed. Phase three
consists of the reference model

construction and design in an iterative
way, based on the obtained results from
the prior phases. The established model
needs a quantitative evaluation which is
the subject of the fourth phase. Lastly, an
empirical assessment is performed

Frank 2016).

within a

Scope definition
Define the purpose of the model and the relevant scope

¥

e Theoretical literature Analysis

Literature review

Requirement analysis
Setting conventions, methodologies and rules

¥

Reference model construction
Iterative model construction
Development of sections
Ensure use of existing RMs

¥

RM quantitative Evaluation

Assess RM compliance with accepted RM quality criteria

v

* RM application in empirical environment
e Result scientifically documented

Empirical Assessment and communication

Figure 1: Reference Model Design Steps

real-world environment.

Design Phase 1: Scope of the model

Performance measurement is an ultimate
purpose that should be taken into account
while building the KMPM model. It should

meet the three requirements (RQ 1-3)
mentioned in the introduction.

Design Phase 2: Literature review

Based on the literature analysis, we depict
the most important KM key concepts
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within the research field as sub models.
Therefore, we build a model that entails
three perspectives: process sub-model,
factors sub-model and KPI sub-model. We
state that agreement is reached concerning
KM factors. However, KM processes
delimitation should be considered carefully
as they represent interactions between
knowledge forms. Thus, it was decided to
consider the processes according to the
organization knowledge problems and to

proceed to their decomposition in view of
knowledge  forms  conversion. The
knowledge forms and related knowledge
conversions are presented in Fig 2.

We select the Unified Modelling Language
(UML) and especially the class diagram for
the presentation of the reference model.
For the process sub-model, the flow chart
notation is used.

Capture
Combine ‘ [er Apply
. L Individual
Tacit Knowledge
Transfer T—Intemi Iize—[ Mo‘de
| —
Group
— explicit ‘Knowledge
Access Formalize
Disseminate ]
Store
¥
f Organization
Tacit

Explicit - /

Knowledge

Figure 2: KM sub-processes and knowledge conversions

Design Phase 3: model

construction

Reference

The proposed RM summarizes the most
important research results and provides a
common KM enterprise model in its different
aspects. It embodies three perspectives (cf.
Fig. 3):

e KM process model: is derived from the
qualitative literature analysis and based on
inductive results,

e KM context model: encompasses the well
known KM factors

KPI model: this component plays an
important role as it provides measures for
each perspective. The final project
performance indicators are the aggregation
of all perspectives.
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Context Model

FaCto rs measures

Technology

Cultural

measures

Structural

Process Model

KPI Model
has a Type
Input
Output
System
Scale
Target
Criterion

Quantitative

Qualitative

Figure 3: The KM reference model

Every KM project is an instantiation of one
or more KM processes; it is influenced by
the organization factors and is monitored
with a set of KPIs. Fig. 5 provides an
excerpt of the reference model for a sample
KM process.

The Process Model Perspective

The process model is built mainly on
literature models (Grundstein 2012), (Ale
et al. 2014), (Nonaka et al. 2000), (King
2009), (Heisig 2003). It is composed of four
generic processes that are decomposed to

several sub-processes. Hence,
identification process encompasses
identification and location; preservation
process comprises the acquisition of
knowledge, its modeling and its
formalization in addition to the store sub
process; the recovery process contains the
access, the application, the combination
and the creation of knowledge; and lastly
the knowledge update process (cf. Fig. 4).
These sub processes represent knowledge
problems and conversions between
knowledge in all its forms.
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Knowledge preservation Knowledge identification
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|
Create J
|

v
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Figure4: The KM process model

The KPI model perspective

The KPI perspective operationalizes the
other KM perspectives. KPIs monitor the
performance of a KM project according to
both KM processes and KM context aspects.
All measures in this study are based on
existing KM performance measurement
instruments and KM literature (Wolf and
Tendron 2014; Robertson 2003; Hoss and
Schlussel 2009; Wong et al. 2013; Don
2001; Heisig 2003; Ley et al. 2010).

For KM processes, KPIs are grouped into
two categories (Hoss and Schlussel 2009;

Lee and Choi 2003): input and output. Each
KPI has its own set of measurement
criteria: scale, range, current and target
value. It can be either quantitative or
qualitative.

The Context Model Perspective

KM context corresponds to the factors that
impact the success of KM project.
According to Gold et al. (2001), technology,
culture, strategy and KM structure are the
most influential factors on KM project
success.
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Figure 5: The KM Model Excerpt

Design phase 4: Quantitative evaluation

Within this step, we aim to assess the
overall model and test its compliance with
the accepted RM quality criteria. We adopt
the quality function deployment (QFD)
based approach as proposed by Matook
(Matook and Indulska 2009), which is an
adaptation of the initial QFD to the RM
design context, then we adapt it to the
specific adopted RM requirements. The

QFD method is used originally for products
and services to transform the qualitative
user demand into quantitative parameters
in order to deploy methods for achieving
the design quality. Matook (Matook and
Indulska 2009) reports that among all
proposed RM assessment quantitative
methods in the literature, it is the only one
that provides both the RM quality
attributes, an assessment method and a
proposal of application.
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Defined reference modeling quality

attributes are:

¢ Generality: the degree to which an RM is
usable in different cases.

e Flexibility: the ease with which the RM
accomodates change from initial
requirement.

e Completeness: the degree to which
designed RM covers all predefined
scope.

e Usability: the ease of use, adaptation and
application of the reference model.

e Understandability:  the clarity of
concepts, purpose and structure of the
RM

The QFD based approach involves
developing a matrice referred as “The
House of Quality” (HoQ) that incorporates
RM  quality  attributes (horizontal
dimension), RM development phases
(vertical dimension), the center of the
house which assesses the impact of the RM
development phases on the RM quality
attributes and the user perceptions (cf.
Table I).

Table 1: The QFD based approach adapted from (Matook and Indulska 2009)

RM development Phases

User Scope Literatu | RM Quantitati | User
importan | definiti | re Constructio | ve Fulfilment
ce on Review | n valuation Ratings
ratings

7 Generality

2 | Completeness

B

]

‘g Flexibility

B

2 | Understandabi

Q .

= lity

| Usability

The quality measure is calculated based on
the product of user assessment of the
requirements  importance and the
completeness of the development phases
(as reported by the RM designer).
Therefore, as we follow the RM design
steps for our model construction, we
assume that designer ratings have some
high values. Instead, full rating is not
obtained unless we test the model with
empirical applications and thus obtain the
user importance ratings and fulfilment
ratings.

Conclusion

This paper presents a KM reference model
for knowledge management that responds
to the performance measurement
requirements. This study provides three
main contributions: first, our research
reviews the literature on RM design in
order to determine the best development
approach that results in a high quality RM.

Our proposed model follows the identified
development process. Secondly, our model
is built on KM theoretical foundations. It
entails three sub-models :i) a process sub
model derived from the KM model
literature review and enhanced with
literature analysis and logical findings, ii) a
KPI model that provides KM project
measures according to the performance
measurement need, and iii) a context sub
model that represents the KM influencing
factors. Thirdly, the KMPM is able to assess
both the overall organizational KM and the
diversity of KM projects unlike existing
models that are designed either for
assessing the KM of an organization or a
specific KM project.

Our work is relevant in twofold: firstly
through designing a KM reference model
with the quality concern, this can be a
significant step toward field
standardization. Secondly, by filling the
literature gap on KM performance
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measurement and proposing a KM model
that assesses all kinds of KM projects.

The limitation of the study is related to the
full design process application. In fact, we
propose a five step design approach for the
RM design. Meanwhile, the latest step
which concerns empirical application is not
addressed in this paper. This is due to the
fact that most existing KM models claim to
be empirical, so we focus on the theoretical
aspect in order to broaden the model
scope.

Future work may consist on empirical
validation of the proposed model which is a
part of an overall KM performance
measurement framework. A multiple case
study will be performed to obtain insights
about reference model validity and the
global framework reliability.
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