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Abstract

Semantic IS (Information Systems) standards are essential for achieving
interoperability between organizations. However a recent survey suggests that
not the full benefits of standards are achieved, due to the quality issues. This
paper presents a quality model for semantic IS standards, that should support
standards development organizations in assessing the quality of their
standards. Although intended for semantic IS standards the potential use of
this quality model is much broader and might be applicable to all kind of
standards.
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Introduction

As early as 1993, a number of businesses and governments alike were aware
of the importance of standards for ensuring interoperability (Rada, 1993) in the
area of information systems. Today, in an increasingly interconnected world,
interoperability is more important than ever, and interoperability problems are
very costly. Studies of the US automobile sector, for example, estimate that
insufficient interoperability in the supply chain adds at least $1 billion in
additional operating costs, of which 86% is attributable to data exchange
problems (Brunnermeier & Martin, 2002). The adoption of standards to improve
interoperability in the automotive, aerospace, shipbuilding and other sectors
could save billions (Gallaher, O'Conner, & Phelps, 2002).  Although
interoperability standards have been created for a range of industries (Zhao, Xia,
& Shaw, 2005), problems persist, suggesting a lack of quality of the standards
themselves, and the processes by which they are developed. In 2009, the
European Commission recognized the importance of quality of standards and
set a policy to “increase the quality, coherence and consistency of ICT
standards” (Commission, 2009). Sherif, Egyedi, and Jakobs (2005) state that their
paper on standards’ quality was the first to address this topic, albeit only for
technical standards. But what about semantic IS standards, that promote
communication and coordination among organizations, and may address
product identification, data definitions, business document layout, and/or
business process sequences (Steinfield, Wigand, Markus, & Minton, 2007)? Even
though these semantic IS standards are important in the creation of inter-
organizational interoperability and solving data exchange problems, is there a
need to measure the quality of semantic IS standards? Regarding semantic IS
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standards, Markus, Steinfield, Wigand, and Minton (2006) asserts “the success
of (...) standards diffusion is affected by the technical content of the developed
standard, ...”. In other words, the quality of a standard is directly correlated to
its adoption. Despite the importance of standards in the evolution of
information and communication technology (Lyytinen & King, 2006), the issue
of semantic IS standard quality is not often addressed (Folmer, Berends, Oude
Luttighuis, & Van Hillegersberg, 2009).

In this research the focus is on the quality of semantic IS standards. Quality
is being defined as fitness for use, in line with the Juran’s definition in the area
of product engineering (Juran & Gryna, 1988). This research started with a
survey among 34 standard development organizations to question if there is a
need for more knowledge regarding quality of semantic IS standards, and in
particular the need of an instrument for Quality Measurement of Semantic
Standard (iIQMSS). The survey results suggest a high need and high potential
usage of such an iQMSS (Folmer, Oude Luttighuis, & van Hillegersberg, 2011a).
Follow up research covered the design steps based on a design science approach
(Hevner, March, Park, & Ram, 2004), including amongst others an extensive
state of the art (Folmer & Verhoosel, 2011). This paper presents part of the final
research: the Quality Model of Semantic Standards (QMSS).

Research Approach

The design process of the final build QMSS is characterized by
experimenting with different builds of the QMSS applied in explorative case
studies. These different builds have used different sources from literature, and
have yielded in different results. The state of the art, already showed that
although a quality instrument for semantic IS standards does not exists, there is
tremendous amount of studies to be used in setting up such a quality
instrument. Although the state of the art describes many of these studies it has
been taken one step further by searching for studies that particularly mention
quality attributes or measures related to quality for different kind of artifacts but
that might be valid for semantic IS standards as well.

The development started with the quality model developed within the
Integrate project (Krukkert & Punter, 2008), which can be seen as the pre-
successor of the QMSS, be it the first build. In this first build some studies have
been included, mainly from the software domain, but in general it was more
practical oriented in the end. Within the next iterations several builds have been
constructed by which a growing amount of practical experiences and theoretical
studies already has been accounted for. The builds 0.3 and 0.4 have been used
for explorative case studies, while build 0.5 was focused on surveying
measurable concepts from the data quality domain on relevance for semantic IS
standards for inclusion (Folmer & Van Soest, 2011). The first five (0.1 till 0.5)
builds of the instrument were all explorative by nature, without having strict
version management resulting that build 0.5 is not continuing work of build 0.4,
but instead is based on build 0.1. Therefore build 0.6 was constructed as an
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integration of all previous builds and the fundament for further development.
For the final build 0.7, completeness of inclusion of all known sources is
important. The next diagram shows all the information sources used in the
steps taken during the development of the instrument. Other older studies are
often included by more recent studies that build on the older material.

A. Software Quality
1ISO 9126-X
1SO 250XX
CMMI-DEV
Issac et al. (2006)
Fenton & Neill (2000)
Lew et al. (2010)
Van Zeist (1996 & 1996)
Rayson et al. (2001)
Sawyer et al. (2002)

Integrate Project
(including expert sessions)
(Build 0.1) 2008

Innodisatie Project
(Build 0.2) 2009

B.I lit
Delen & Rijsenbrij (1992)
Rodriguez & Casanovas (2010)
Delone & McLean (1992 & 2003)
Sedera & Gable (2004)
Owlia (2010)
Poels et al. (2005)
Glass (2008)
O'Brien et al. (2005)

Explorative Case Studies
(Build 0.3 SETU Case) 2009
(Build 0.4 XCRI Case) 2010

Data Quality Improvement
(including expert survey)
(Build 0.5) 2010

C. Data Quality
Wand & Wang (1996)
Wang & Strong (1996)
Kahn et al. (2002)
Knight & Burn (2005)
Stvilia et al. (2007)

D. Standards Quality
Simons & De Vries (2002)
Spivak & Brenner (2001)
Zhao et al. (2005)
Jakobs (2009)
Teichman et al. (2008 & 2010)
Freericks (2010)

Sherif et al. (2007)
Kasunic & Anderson (2004)
Bernstein & Haas 2008)
De Vries (2008)
Hesser et al. (2007)
Egyedi (2008 & 2009)
Morell & Stewart (1995)
Eichelberg et al. (2005)
Gottschick & Restel (2010)
Brutti et al. (2010 & 2011)
McDowell et al. (2004)
Kulvatunyou et al. (2003)
Zhu et al. (2009, 2010 & 2011)
Bedini et al. (2011)
Steinfield et al. (2007)

uojesbayul

Integrated Version
(Build 0.6) 2011

Generic QMSS
(Build 0.7) 2011

E. Evaluation Frameworks
Mykkanen & Tuomainen (2008)
Pawlowski & Kozlov (2010)
Blobel & Pharow (2009)

E. Other
Semic.eu (CAMMS).(2008)
Folmer & Bastiaans (2008)

Chase & Aquilano (1995)
Garvin (1984)
Ghobadian & Speller (1994)
Hyatt & Rosenberg (1996)
LinkedIn Discussion (2009)
SERVQUAL
LORI
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Figure 1 - Overview of sources and builds of QMSS

Final build Research Approach (build 0.7)

This section will describe the research approach of the final build (0.7), as
depicted in figure 2. In this approach, measurable concepts (what we want to
know) and quality measures (how to measure it) are distinguished. For instance
readability might be a measurable concept for a standard, while the quality
measure might be the gunning fog index. Finally, to be able to use the QMSS in
practice a usage model needs to be constructed.

Starting point for working on the final build was the previous integrated
build (version 0.6). The bottom-up approach was continued by following four
main steps: A. define the high level structure, B. define the quality model
(measurable concepts), C. define the measures (section 3), D. define usage
process. These four steps are a work breakdown approach to focus on specific
parts of the QMSS. For each of the four main steps the same approach was used:
carrying out a circle of steps, to be sure that:

1. Requirements are checked (Folmer, Krukkert, Oude Luttighuis, &
Van Hillegersberg, 2010).

2. Experiences from explorative case studies were used.
3. Literature sources were included (see figure 1)

4. Design rules, applicable to many types of IT artifacts, were followed
(from (Cavano & McCall, 1978; Gregor, 2006; Morell & Stewart, 1995).

5. Finally, the outcome has to be written down according to the chosen
terminology (e.g. measurable concepts, information needs, attributes,
measures), according to the terminology of the SMO (Garcia et al., 2009).

The combination of these steps makes it possible that quality attributes for
the software domain (as example) are checked on relevance to semantic IS
standards (the requirements), and are aggregated and described according to
design rules and the quality language that have been selected for the QMSS.

Additionally, one main step has been added, when it became apparent that
there was a lack of measures in our literature sources (step C), an expert
workgroup was set up to be able to gather measures from experts instead of
literature. However, this workgroup session was also used as review for the
measurable concepts of the quality model.
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1. Requi

A. DEFINE STRUCTURE
OF QMSS

B. DEFINE MEASURABLE CONCEPTS

OF QMSS
4.D
C. DEFINE PRODUCT QUALITY MEASURES
OF QMSS
5.
D. DEFINE USAGE PROCESS
OF QMSS
4.D

Figure 2 - Research approach for final build

The Quality Model for Semantic IS Standards

A flexible structure is part of the requirements, while the design rules talk
about a logical structure. Within the explorative case studies the different builds
of the QMSS grew in number of quality measures and often the added measures
were not strictly related to internal quality. Based on these three findings, the
logical structure was developed, that makes the instrument flexible to use.

The original information need for the research scope was related to the
intrinsic quality of the standard. Based on the requirements study and
experience during the explorative case studies other information needs became
apparent, amongst others:

1. The internal quality of the standard? - the original information need
2. The implementability of the standard?

3. The durability (future-proofness) of the standard?

4. Should I select the standard?

5. Is the standard a good solution for the interoperability problem?

Looking at a broader view, it is noticable that separations of concerns are
often made. For instance the distinction between the product and the process as
proposed by many (e.g. (Morell & Stewart, 1995; Stvilia, Gasser, Twidale, &
Smith, 2007)). According to them two types of metrics are important (Morell &
Stewart, 1995):
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. Monitor the progress of the process = process metrics
. Quality of the standard (outcome) = product metrics

Other research showed that relevant concepts for the semantic IS standard
include its context, content, development organization, and its application
(Folmer, Oude Luttighuis, & Van Hillegersberg, 2011b). This also reflects the
ISO 9126 and 25000 family of standards for software engineering, that includes
separation of concerns based on the product (internal and external), the process
and its use (Figure 3).

effect of software
product

process software product

infl uenﬁ-‘si

depends or

influences

influences

quality in
use
attributes

extemal
quality
attributes

intemal
quality
attributes

process
quality

contexts
of use

depends on

process internal extemal quality in use
measures measures measures measures

Figure 3 - ISO Quality Model for Software

The result of applying this separation of concerns to the quality model is a
separation in three parts: product quality, process quality, and the quality in
practice. This maps to the conceptual model of a semantic IS standard since
product quality deals with the content (the specification), the process quality
relates to the development & maintenance processes as carried out by the
development organization, whereas quality in practice deals with the
application environment, the performance of the implementations of the
standard.
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Quality Model of Semantic IS Standard

A. Product Quality B. Process Quality C. Quality in Practice

Measure in
Development &
Maintenance
(Processes: The
Organization)

Measure in
Appliance
(The
Implementations)

Measure in Content
(The Standard)

Figure 4 - Structure of Quality Model

This structure makes the use of the quality model more flexible. Dependent
on the information need only parts of the quality model have to be used. The
information needs map to the three parts accordingly:

1. The internal quality of the standard? - Part A

2. The implementability of the standard? - Part A+ B

3. The durability (future-proofness) of the standard? - Part B + A (partly)
4. Should I select the standard? - Mainly part C

5. Is the standard a good solution for the interoperability problem? - All
parts

The focus throughout this research project is on the internal, product quality
of the standard. This model shows the boundaries and context of product
quality, and although we set up models for each of the three qualities, the
product quality model is most mature and will be presented in the remainder of
this paper.

Product Quality

Based on the research approach the model for product quality has been
constructed. The product quality basically consists of three information needs:

1. Is the functionality of the standard appropriate? - Does it have the
features to solve the interoperability problem?

2. Is the standard usable? - Can the standard be implemented and used
without burden?
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3. Is the standard durable? - Will the standard be future-proof?
These three information needs define the structure within the model.

For the technical complexity the measurable concepts, and later on the
measures, are focusing on XML technology. When other technology is used, the
model should be changed accordingly, including the measures. That latter
might be quite difficult, because XML metrics are often studied because of its
commodity. The model for product quality, as output from the research
approach described earlier, is depicted within figure 5.

The definitions and some further explanation/remarks are presented in the
following table. Due to page restrictions we only included the definitions for the
“Functionality” branch (left side). If a source for the definition is mentioned than
it should be read as “originated from”, but the actual definition might be
deferred.

Conclusions and Further Research

This paper presented the product quality part of the QMSS, which in itself is
part of the instrument (iQMSS). Other parts include a complete set of measures
to apply the quality model in practice to measure the quality of a standard, just
as a cookbook on how to use the instrument.

The next steps are related to validation. We have planned a follow up to the
problem survey to question if this instrument contributes to the needs expressed
in the problem survey. Although the first results seem positive, we need more
validation research to be sure. In the end it has to guide standards developers in
improving the quality of standard that will lead to better interoperability in
practice.

The iQMSS is particularly developed for semantic IS standards, an
important type of standards for achieving interoperability between
organizations, and currently a focal point for many European governments,
including the European Union. It is however expected that the quality model
can be easily transformed for application of other standard types.
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A. Product Quality

Al. Functionality A2. Usability A3. Durability

Al.1 Completeness A2.1 Understandability —1 A3.1 Adaptability

Al.1.1 Covered Functions ‘ | | A2.1.1 Availability of A3.1.1 Modularity ‘
Knowledge Representations

Al1.1.2 Covered Information ‘ A3.1.2 Dynamic Content ‘

A2.1.2 Structure of
Specification A3.1.3 Extensibility |

Al.2 Accuracy

A2.1.3 Readability of
Specification
‘ —1 A3.2 Maintainability

A1.2.1 Specificness

—4 A2.1.4 Conditions Specified ‘

Al2.2 Precision ‘ | | A3.2.1 Seperation of
—4 A2.1.5 Learning Time ‘ Concerns

—4 A3.2.2 Localisations ‘

A1.3 Consistency

A2.2 Testability

—4 A3.2.3 Dependability ‘

A1.3.1 Information Ambiguity ‘

\—4 A2.2.1 Test Services —4 A3.2.4 Version Continuance ‘

A1.3.2 Function Ambiguity ‘

— A3.3 Advanceness

A2.3 Openness

Al.4 Compliancy

—4 A3.3.1 Installed Base

A2.3.1 One World ‘

Al.4.1 External Compliance ‘ || A3.3.2 Technical
A2.3.2 Availability | Advanceness
Al.4.2 Compliance Defined ‘
A2.3.3 Use / Re-Use ‘ —‘ A3.3.3 Business Processes

A3.3.4 Conceptual
Advanceness

A2.4 Technical Complexity

A2.4.1 Proven Technology ‘

A2.4.2 XML Design ‘

A2.4.3 XML Complexity |

Figure 5 - Model for Product Quality
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Measurable Concept

Definition

Remarks

A. Product Quality

The total of attributes of a standard that
determines its ability to satisfy stated and

implied needs when used under specified
conditions (ISO 9126)

This includes both internal and external
quality in ISO terms.

Al. Functionality

The capability of the standard to provide
functions which meet stated and implied
needs when the standard is used under
specified conditions. (ISO 9126)

The specification fulfills the functional
needs of the intended job.

A1.1 Completeness

The extent to which a standard is of
sufficient breadth, depth, and scope for the
task at hand. (Wand & Wang, 1996)

This includes other terms like relevancy and
suitability, and is the functional view on the
content of the specification. The task at
hand is aimed at solving an interoperability

problem.
Al11 The level of functions specified in the | Indicates if the standard covers all
Covered Functions specification ~ in  relation to  the | functionality required to solve the

interoperability problem.

interoperability problem.

Al12
Covered Information

The level of information elements specified
to support for the interoperability problem

When information elements are missing or
when too many information elements have
been added, it will negatively impact
interoperability.

A1.2 Accuracy

The capability of the standard to provide
true data with the needed degree of
precision. (ISO 9126 & ISO 25012)

The level of needed specificness and
precision of both semantic meaning and
technical syntax. (This does not cover, but
relates to, the quality of the content:
consistency (A1.3))

Al1.21 The level of detail and in-depth of the | Does the standard address a specific
Specificness scope. problem or a generic problem?

Al1.22 The match between the precision requested | Syntactic and semantic accuracy. (For
Precision and provided, unambiguously. (ISO 25012) | instance surname (instead of name, and not

limited to 10 digits).

A1.3 Consistency

The extent of consistency in using the same
values (vocabulary control) and elements to
convey similar concepts and meaning in a
standard. (Stvilia et al., 2007)

The degree of coherence and freedom of
contradiction within the standard (ISO
25012). The quality of the content of the
different models.

Al13.1 The level of ambiguity of the information | The quality of the structuring and definition
Information elements, and consistency of use. of the information elements.

ambiguity

Al13.2 The level of ambiguity of the function | The quality of the structuring and definition

Function ambiguity

elements and consistency of use.

of the functions, processes and business
rules.

A1.4 Compliancy

The capability of the standard to adhere to
other standards, conventions or regulations
in laws, but also defining what compliancy
implies for this standard. (ISO 9126 & ISO
25012)

How compliancy to other standards is
implemented, and how conformance to this
standard can be assured.

Al41
External compliance

The compliance level to other standards,
conventions, or regulations in laws and
similar prescriptions

Compliancy with other standards on two
levels: 1. Standards used to create this
standard (e.g. UML).

2. Standards on different levels of
interoperability (e.g. Laws, or technical
standards).

Al142 The availability of a strict set of testable | Is there a strict formulation when an
Compliance defined | rules that define compliancy with the | implementation is conformant to the
standard. standard? This supports strict

implementations.

Table 1 - Measurable concepts for product quality defined
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