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Abstract
Evaluation of design artifacts is of crucial importance in design science research (DSR). A plethora of evaluation approaches and methods can be found in literature; nevertheless, little work
has been done so far to investigate the relation between the evaluation strategies, methods and
techniques in DSR evaluations. Prototype implementations, together with case studies seem to
be dominant and the technique of choice to evaluate, often complex artifacts. This paper goes
beyond the common approach in DSR, and presents a multi-media and web-based DSR evaluation approach focussing on syntactic, semantic and pragmatic quality. We present the definition
of evaluation criteria, the selection of evaluation methods and the findings and experiences
gained. The results of this paper can support other design science re-search approaches concerned with the evaluation of concepts or process models.
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1 Introduction and Background
In design science research (DSR) artifact evaluation within a specific environment is
of crucial importance (Venable et al. 2016; Goldkuhl 2013; Peffers et al. 2012). Artifacts should be evaluated based on the requirements of the context of their respective
application and implementation environment (Peffers et al. 2012). According to Niederman and March (2012), the initial evaluation of a novel artifact may simply be to
show that it works and produces adequate solutions. The challenge is to define “adequacy”. However, as evaluation criteria are socially constructed, what one researcher
may consider adequate, may be considered inadequate by another (Niederman, March
2012). This challenges the selection of a suitable evaluation method.
A plethora of evaluation approaches and methods in DSR can be found in literature, e.g. in Peffers et al. (2012), March and Smith (1995) or Helfert et al. 2012. Nevertheless, little work has been done so far specifically addressing the choice and combination of evaluation strategies, methods and tools in DSR evaluations (Prat et al.
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2014; Sonnenberg, Brocke 2012). Numerous design science evaluation approaches
centre on prototype implementation and build the analysis around usability. They often
apply the well-known method of case study research (Peffers et al. 2007; Markus et al.
2002). However, DSR evaluation can go far beyond evaluating implemented prototypes by conducting case studies and interviews.
The development and use of evaluation methods and new evaluation metrics represents an important category of contributions in DSR (Hevner et al. 2004) and the need
to develop novel strategies to evaluation in DSR is high (Venable et al. 2016).
This paper aims at presenting a multi-media, web-based DSR evaluation approach
in the form of a survey, enriched with multi-media content. The evaluation approach
described in this paper is part of a longer-term project that includes the development of
a process model for innovation management. More specifically, the aim of this project
is to develop a process model addressing the Front End of Innovation. The process
model represents the earlier stages of innovation and includes the activities that come
before the formal and well-structured new product development (NPD) process
(Brandtner 2018; Brandtner et al. 2015a). The process model is described using eventdriven-process-chains (EPC) and has been evaluated from an ex-ante and an ex-post
perspective. The study context and the ex-ante aspects of the evaluation using focus
group research have been documented in Brandtner et al. (2015b). Expanding our earlier work, this paper focuses on the ex-post evaluation (i.e. evaluating the process model
after it has been developed in its final form but without implementing it in practice)
and how a multi-media, web-based approach is employed. The evaluation approach
presented in the paper allows for assessing practical implications of the process model
after its development (ex-post) and before implementing it. In this regard, the evaluation approach could also be taken as an ex-ante approach, i.e. evaluating a process
model before implementing it with the intention to further refine or elaborate (parts of)
the process model.
The remainder of this paper is structured as follows: In the subsequent sections, a
short overview of literature on DSR evaluation (section 2), the ex-post evaluation approach of the research project mentioned above (section 3) and the findings and learnings of the application and conduction of this evaluation approach are discussed and
explained (section 4).

2 Evaluation in DSR
Even though the importance of artifact evaluation is acknowledged in many design
science contributions, many researchers focus often on a fragmented or incomplete list
of evaluation criteria. Most researcher emphasise utility and usability as important criteria. However, the application of appropriate evaluation criteria is essential in scientific research in general and in particular in design science projects where artifacts have
to be assessed against criteria of value or utility (March, Smith 1995). In addition, often
evaluation methods are described without guidance on how to apply which methods to
which criteria (Prat et al. 2014; Ostrowski, Helfert 2012).
One of the few papers addressing the definition of DSR evaluation strategies is
contributed by Pries-Heje et al. (2008), who proposed a framework supporting researchers in building such strategies. They distinguish between three core dimensions
of an evaluation strategy: when to evaluate, what to evaluate and how to evaluate.
“When to evaluate” aims at defining if an ex-ante or ex-post evaluation is needed.
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Choosing between these two options or deciding for both depends on the scope of the
respective research project. However, Pries-Heje et al. (2008) clearly state that “evaluation is not limited to a single activity conducted at the conclusion of a design-construct-evaluate cycle. In fact, there are at least two evaluation episodes available: design-evaluate construct-evaluate”.
Regarding the “what to evaluate” perspective, the objective is to define whether to
evaluate the artifact design process or the product of the artifact design (Sonnenberg,
Brocke 2012).
Finally, “how to evaluate” relates to the form of evaluation and may be naturalistic
or artificial. Naturalistic evaluation focusses on exploring respectively evaluating the
artifact in its real environment, in our instance in the organisations of survey participants (Venable et al. 2012). This allows for embracing all the complexities of real users,
real problems and real systems (Sun, Kantor 2006). Naturalistic evaluations are always
empirical and may be positivist, critical and/or interpretive. Typical naturalistic evaluation approaches include field studies, focus groups, surveys or case studies. Artificial
evaluation on the other hand includes laboratory settings, field experiments, mathematical proof or simulations. Each of these evaluation forms has its strengths and weaknesses (Venable et al. 2012; Sun, Kantor 2006): The dominance of the naturalistic paradigm brings to naturalistic DSR evaluation the benefits of internal validity. However,
naturalistic evaluation results could also be affected by confounding variables or misinterpretation. The dominance of scientific/rational paradigm brings to artificial evaluation the benefits of stronger reliability in the form of better falsifiability and repeatability. However, artificial evaluation may not allow for embracing all the complexities
of real user, real systems and real problems.
As the goal of the present evaluation approach is to evaluate the artifact in its actual
application domain with real users, real systems and facing real problems, naturalistic
evaluation methods best fit for the present ex-post evaluation activities. This allows for
addressing the complexities which are predominant in real application settings in general and which dominate organisational practice at the FEI. The following DSR evaluation method selection framework (table 1) provides an overview of ex-ante and expost evaluation methods and further categorises these into naturalistic and artificial.
In summary, even though the crucial role of artifact evaluation is acknowledged in
IS design-science literature, only fragmented or incomplete lists of criteria are provided. Same applies to evaluation methods, which are only presented in a fragmented
manner, without much indication on how to apply which methods to which criteria
(Prat et al. 2014; Ostrowski, Helfert 2012). Furthermore, what we did not find in literature is an aggregated approach for evaluating artifacts in the form of process models.
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Table 1: DSR Evaluation Method Selection Framework by DSR Evaluation Method Selection
Framework by Venable et al. (2012).

Naturalistic

Ex-ante

Ex-post

 Action Research

 Action Research

 Focus Group Table text

 Case Study
 Focus Group
 Participant Observation
 Ethnography
 Phenomenology
 Survey (qualitative or quantitative)

Artificial

 Mathematical or Logical Proof

 Mathematical or Logical Proof

 Criteria-Based Evaluation

 Lab Experiment

 Lab Experiment

 Role Playing Simulation

 Computer Simulation

 Computer Simulation
 Field Experiment

In the following section of this paper, we present the evaluation approach for a
process model developed in the course of a recent DSR project at Dublin City University and the University of Applied Sciences Upper Austria (Brandtner 2017). The process model developed and evaluated addresses the earliest parts of the innovation process – the so called Front End of Innovation and specifically the strategic parts of it
(Brandtner et al. 2015a, 2015b; Brandtner et al. 2014). The actual implementation of
such a wide-ranging and long-term oriented process model in organisational practice
would not be possible in the short or medium term. Furthermore, the results of its implementation in the form of its concrete effects and its factual results in the form of e.g.
new products or increased turnover takes additional time to be visible and quantifiable.
It would hardly be possible to identify the direct causal relation between actions and
measures taken due to process model implementation and specific quantifiable outcomes in organisational practice. Hence, an appropriate evaluation framework needs to
be developed, allowing for ex-post evaluation of process model quality and usefulness
prior to its actual implementation.

3 Developing a multi-media DSR Evaluation approach
The following sections describe the development of a multi-media DSR evaluation approach together with a discussion on evaluation criteria, the selection of appropriate
evaluation methods and the combination of these into a coherent evaluation approach.

3.1

Definition and measurement of evaluation criteria

Previous research states that artifacts can be evaluated e.g. in terms of consistency,
accuracy, reliability, fit with the organisation, usefulness and other relevant quality attributes (Hevner et al. 2004; March, Smith 1995). Utility of artifacts is a complex deliverable and may depend on various attributes of the outcomes of artifact use or the
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artifact itself (Ostrowski, Helfert 2012). The term utility is used synonymously to the
term usefulness in literature (Prat et al. 2014) and utility has often been assessed
through perceived usefulness (Adipat et al. 2011; Reeder et al. 2011; Featherman
2001). Therefore, the term usefulness or perceived usefulness is selected rather than the
term utility in this paper. Artifact evaluation is specific to each artifact, its purpose and
the purpose of evaluation. In this context, literature divides between two types of artifacts: product and process artifacts (Ostrowski, Helfert 2012; McNaughton et al. 2010;
Pries-Heje et al. 2008). Product artifacts include e.g. tools, software or diagrams, which
can be by applied by users to solve certain problems. A process artifact is a method,
procedure or model that guides users during the process of problem solving. The current artifact, i.e. the process model developed in the project underlying this paper, can
be classified as process artifact and evaluation criteria should be defined accordingly.
Process artifact usefulness should be evaluated in the course of user-artifact interaction
(Ostrowski, Helfert 2012).
Content measures for artifact evaluation are often closely linked with quality criteria, as quality can be described in terms of more or less measurable sets of criteria
(Pries-Heje et al 2008). Differences in quality measurement results reflect differences
in the state or quantity of specific artifact attributes (Venable et al. 2016). Various definitions of quality can be found in literature (Basu 2016). The underlying assumption
of process-based quality is that a good process will lead to a good process outcome
respectively result or product (Pries-Heje et al. 2008). Many approaches address the
issue of conceptual model quality (Helfert et al. 2012; Liu et al. 2012; Rittgen 2010;
Maes, Poels 2007; Mendling et al. 2007b; Moody et al. 2003; Moody et al. 2002; Venkatesh, Davis 2000; Krogstie et al. 1995; Lindland et al. 1994; Davis et al. 1989), which
can be structured along 3 core levels of quality:


Syntactic Quality (SNQ),



Semantic Quality (SMQ) or Perceived Semantic Quality (PSQ) and



Pragmatic Quality (PMQ) or Perceived Usefulness (PU).

These three levels of quality are supported by a plethora of references and are used
as the three main evaluation dimensions for the paper (cf. figure 1).
A good description is provided by Mendling, who states that “syntactic quality
relates to model and modelling language; semantic quality to model, domain, and
knowledge; and pragmatic quality relates to model and modelling and its ability to
enable learning and action” (Mendling et al. 2007b). According to literature, syntactical issues are well controlled and can be measured objectively. The main evaluation
effort would therefore be directed towards semantic and pragmatic model quality,
which are potentially harder to measure and evaluate (Mohagheghi et al. 2009; Krogstie
et al. 2006; Poels et al. 2003).
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Figure 1: Process Model Quality Dimensions of the Paper.

3.1.1 Syntactic Process Model Quality (SNQ)
The syntactic quality of a model refers to the extent to which it observes the rule of its
underlying modelling language (Rittgen 2010), i.e. EPC notation in the present case. In
the syntactic quality dimension, only one quality characteristic – namely syntactical
correctness is to be evaluated. A model is correct from a syntactical point of view if all
statements of the model are according to the syntax and vocabulary of the modelling
language and the underlying notation (Krogstie et al. 1995). An EPC process model has
to fulfil certain syntactic criteria. A number of approaches that used modelling conventions as a metric for syntactic quality can be found in literature (Rittgen 2010).
Different tools support the verification of EPC soundness and offer automatic consistency checks, syntax checks, animations and filtering features and layout placements
(Mendling et al. 2007a; Rosemann et al. 2001). A prominent example of such a tool is
the “bflow* toolbox” developed in close collaboration between numerous Universities
and Universities of Applied Sciences (Böhme et al. 2010; Gruhn, Laue 2010; Hogrebe
et al. 2009; Laue et al. 2009). The bflow* toolbox is constantly revised and maintained
and has been applied in various settings and research projects to evaluate syntactical
correctness of EPC based process model. This tool allows for modelling EPC based
processes and provides the user with immediate feedback regarding the syntactical correctness of the model. It takes into account the requirements defined for evaluating
syntactical correctness of process models and is applied to evaluate this quality dimension within this paper.

3.1.2 Syntactic Process Model Quality (SNQ)
Semantic quality of a conceptual model, i.e. the FEI process model in the present case,
is defined as the degree of correspondence between the externalised model and the domain of the model (Krogstie et al. 1995). In other words, semantic quality refers to the
correspondence between the information that users deem necessary for the conceptual
model based on their domain knowledge and the knowledge they think the process
model actually contains, i.e. user interpretation (Maes, Poels 2007). Hence, semantic
quality measures model quality in terms of correspondance between domain and model
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(Liu et al. 2012; Bolloju, Leung 2006). According to Krogstie et al. (1995) the primary
goal for semantic quality is reaching the highest degree of correspondence possible.
Evaluating the semantic quality of a conceptual model or schema is more difficult
than evaluating its syntactical correctness. The evaluation of semantic quality can only
refer to process model users’ perception of reality, and evaluation results strongly depend on factors like cognitive abilities, previously acquired knowledge and ontological
and epistemological standpoints taken (Maes, Poels 2007; Poels et al. 2005b). Various
studies attempt to quantify the level of semantic quality in regard to a specific reference
theory or modelling benchmarks serving as substitutes for the real domain (Gemino,
Wand 2003). One weakness of such approaches could be the fact that these studies
ignore user beliefs of if and how well the model supports and fosters their understanding of the underlying reality (Poels et al. 2005b). According to e.g. Krogstie et al.
(1995), Maes, Poels (2007), Rittgen (2010) or Poels et al. (2005b) user perceptionbased measurements of semantic quality are more suitable to determine whether benefits will result from using a conceptual model than verified but theoretical quality measurements.
As the correspondence between model and domain cannot be checked or established directly, what has to be done at quality control is not to analyse the actual semantic quality, but the perceived semantic quality of the process model based on comparisons of users interpretation of the model and users domain knowledge. The perceived semantic quality in the present case serves an operational surrogate of semantic
quality and directly verifies the correspondence between users’ domain knowledge and
their interpretation of the model.
Relying on the idea of reasoned action (Fishbein, Ajzen 1977) perceived semantic
quality was introduced by Shanks et al. (Shanks et al. 2003) and extended respectively
revised by other researchers. It has since that undergone substantial empirical validation and has been redefined in experiments based on reliability and validity tests (e.g.
in Rittgen 2010). Depending on the respective source, four to seven indicators are used
for evaluating perceived semantic quality (Poels et al. 2005a). Maes and Poels proposed
and validated a four-indicator measurement system including correctness, completeness, authenticity (realistic) and relevance (Poels et al. 2005b). Shanks et al. (2003)
added the attributes conflict and redundancy free, stating that the semantics represented
in the single parts of the model should not contradict one another and should not contain
redundant semantics (Shanks et al. 2003). These two attributes of semantic quality were
subsumed under the indicator of consistency by Lindland et al. (1994). In further studies, Maes as well as Lindland found that consistency is subsumed by both correctness
and completeness, and derived and validated the consolidated four-indicator PSQsystem described above (Rittgen 2010; Maes, Poels 2007; Lindland et al. 1994;). The
following figure depicts these different indicators applied for evaluating the Perceived
Semantic Quality (PSQ) of the process model. It is important to state that these indicators have already undergone substantial empirical validation in the course of experiments based on reliability and validity test (Maes, Poels 2007 or Shanks 2003):
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Figure 2: Indicators for PSQ acc. to Rittgen (2010), Maes and Poels (2007) and Poels et al.
(2005b).

The items of PSQ and the sources stating their relevance as well as the statements to be
measured are presented in table 2. The statements are taken from the validated PSQ
measurement system of Rittgen (Rittgen 2010), which are validated and further developed by Rittgen based on Maes and Poels (2007) and based on Maes et al (2005). All
items are measured on a 7-point Likert scale, where 1 - strongly disagree, 2 - moderately disagree, 3 - somewhat disagree, 4 - neutral (neither disagree nor agree), 5 - somewhat agree, 6 - moderately agree, and 7 - strongly agree:
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Table 2: Items and measurement statements for PSQ.
Item
Abbr.

Title

CORR

Statement to be measured

Description

Sources for item

Correctness

All statements
in the representation are correct.

Lindland et al.
1994; Krogstie et
al. 1995; Poels
2005; Maes, Poels
2007; Rittgen 2010;
Moody 2002;

The conceptual model
represents the business
process correctly.

REL

Relevance

All statements
in the representation are relevant to the problem.

Rittgen 2010;
Krogstie 1995;
Moody 2002; Maes,
Poels 2007;

All the elements in the
conceptual model are
relevant for the representation of the business
process.

COMP

Completeness

The representation contains all
statements about
the domain that
are correct and
relevant.

Rittgen 2010; Poels
2005; Lindland et
al. 1994; Krogstie
1995; Maes, Poels
2007; Moody 2002;

The conceptual model
gives a complete representation of the business
process.

The representation gives a true
account of the
domain.

Rittgen 2010;,
Poels 2005; Maes,
Poels 2007;

The conceptual model is
a realistic representation
of the business process.

AUTH

Authenticity

Statement

Entities, relationships or
structural constraints
must be added to adequately represent the
business process.

3.1.3 Perceived Usefulness (Pragmatic Quality of Process Model, PU)
Pragmatic process model quality describes the ability or usefulness of a process model
to facilitate learning and action in an organisational context (Burton-Jones, Gallivan
2007; Krogstie et al. 2006; Gemino, Wand 2005). Applied to the present case, pragmatic process model quality describes the usefulness of the model in real organisational
FEI processes. Several measures have been proposed for evaluating the pragmatic quality of process models, ranging from analysing comprehension task accuracy to measuring user perceptions of model pragmatics (Burton-Jones, Gallivan 2007; Gemino,
Wand 2005; Maes et al. 2005; Bodart et al. 2001; Siau et al. 1997). Users perceptions
of pragmatic process model quality have often been measured with instruments for user
information satisfaction and ease of use as well as with instruments for usefulness or
utility (Burton-Jones, Gallivan 2007; Gemino, Wand 2005; Maes et al. 2005).
Usefulness or utility of artifacts represents probably the most relevant evaluation
criterion in DSR, since this research paradigm postulates for its outputs to be above all
useful for practitioners (Hevner et al. 2004). In other words, useful means that the artifact built has to benefit to its application environment (the FEI in the present case) and
must assist in achieving certain goals of the organisation in this environ-ment (e.g.
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achieving a reduction of uncertainty). Usefulness has often been assessed through Percevied Usefulness (PU) (Adipat et al. 2011; Reeder et al. 2011). Useful is hereby defined as proposed by Davis, who stated that a system or model is useful, if it is capable
of being used advantageously (Davis 1989). In the context of the evaluation approach,
pragmatic process model quality is measured based on the PU of the model as rated by
real users.
In the course of the present case, perception-based measurements for pragmatic
process model quality respectively for usefulness are chosen for several reasons:
Firstly, perceptions of senior executives and middle managers were found to be a good
proxy for organisational performance of IT and process models in prior research (Nair
et al. 2012; Rittgen 2010; Elbashir et al. 2008). A high convergence between perceptual
data collected from senior as well as from lower level management and objective performance measures can be stated (Elbashir et al. 2008; Ray et al. 2005; Venkatraman,
Ra-manujam 1987). Secondly, some of the benefits of the process model are intangible
or qualitative in nature and are therefore not available as objective measures. Furthermore, most of the data items are strategic and confidential in nature and are not publicly
available. Thirdly, the actual implementation of such a comprehensive and wide-ranging process model would require a substantial period of time. The main reason why
perception-based evaluation of process model usefulness is chosen is due to the fact
that the effects of process model implementation and the benefits to the innovation
process would not be reliably relatable to specific outcomes, would hence not be
measureable and would mainly be of intangible nature. The use of perception-based
measurements is most reasonable in the current context and provides opportunities for
insights into these intangible, quality-related future benefits. Evaluation of PU may be
done qualitatively or quantitatively (Prat et al. 2014). Quantitative evaluation of PU
leads to a perceived numeric value of usefulness. Perception of usefulness can either
be estimated directly or through defined items that contribute to overall usefulness (Prat
et al. 2014; Rittgen 2010; Davis 1989).
In the area of conceptional modelling, PU has e.g. been applied in prior studies of
Prat et al. (2014), Rittgen (2010), Maes et al. (2005) or Moody et al. (2003). Some
authors applied an adaption of the Technology Acceptance Model (further referred to
as TAM) by Davis (Davis (1987) and Venkatesh, Davis (2000), which has been widely
used for different types of artifacts and also for conceptual models (Adipat et al. 2011;
Recker, Rosemann 2010). The measurement items of TAM for PU have showed to be
robust and have displayed high levels of validity and reliability in a variety of settings
and research domains (Recker, Rosemann 2010; Schepers, Wetzels 2007; King, He
2006; Lee et al. 2003).
In accordance with the discussion of PU presented above, an adaption of the TAM in
its second version (Venkatesh, Davis 2000) is used to evaluate PU of the artifact. The
reasons for this are as follows: Firstly, the development of a new measurement instrument for the present case would bring only limited new insights to the research domain
and it would be difficult and not reasonable to validate such a new collection of constructs and items. Secondly, the TAM and adaptions of it have been applied in various
settings in the context of conceptual models (Tan, Siau 2006, Riemenschneider et al.
2002) and has showed to produce robust, reliable and valid results (Recker, Rosemann
2010). According to the TAM by Davis (Venkatesh, Davis 2000; Davis 1989; Davis
1987), PU directly influences the actual intention to use a system respectively a process
model in this instance (Recker, Rosemann 2010; Rittgen 2010 or Moody 2002).
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Perceived Usefulness (PU) is “the degree to which a person believes that using a
particular system would enhance his or her job performance” (Davis 1989, p. 320).
Applied to the present case, PU is the degree to which a person believes that applying
the developed process model would enhance his or her performance at the FEI. Validated measures are needed in order to evaluate PU. A literature review revealed several
validated multi-item measures for PU, most of them building on the TAM by Davis
(Davis 1989; Davis 1987). Based on the original TAM by Davis, Venkatesh and Rittgen
proposed specific measures and items for evaluating PU of systems and conceptual
models (Rittgen 2010; Venkatesh, Davis 2000):

Figure 3: Indicators for PU of conceptual models acc. to Rittgen (2010), Recker (2010) and
Venkatesh (2000).

The items of PU and the sources stating their relevance as well as the statements to be
measured are presented in Table 2. The concrete statements are adapted to the present
case based on the original statements of Venkatesh and Davis (Venkatesh, Davis 2000)
by replacing the notion “system” with the notion “process model”. All items are measured on a 7-point Likert scale, where 1 - strongly disagree, 2 - moderately disagree, 3 somewhat disagree, 4 - neutral (neither disa-gree nor agree), 5 - somewhat agree, 6 moderately agree, and 7 - strongly agree.
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Table 3: Items and measurement statements for PU.
Item
Abbr.
SN

IM

Statement to be measured

Title

Sources for item

Statement

Subjective
Norm

Schepers 2007;
Venkatesh, Davis
2000; Horst et al.
2007

People who influence my behaviour think that I
should use the process model

Image

Venkatesh, Davis
2000;

People in my organisation who use the process
model would have more prestige than those who
do not.

People who are important to me think that I
should use the process model.

People in my organisation who use the process
model would have a high profile.
Working with the process model would be a status symbol in my organisation.
JR

OQ

RD

Job Relevance

Output
Quality

Results
Demonstrability

Davis 1989, Venkatesh, Davis
2000; Rittgen
2010;

In my job, usage of the process model is important.

Davis 1989;
Moody et al.
2003; Venkatesh,
Davis 2000;

The quality of the output I get from the process
model is high.

Moody et al.
2003; Venkatesh,
Davis 2000;

I have no difficulty telling others about the results of using the process model.

In my job, usage of the process model is relevant.

I have no problem with the quality of the process
model’s output.

I believe I could communicate to others the consequences of using the process model.
The results of using the process model are apparent to me.
I would have difficulty explaining why using the
process model may or may not be beneficial.

PU

Perceived
Usefulness

Davis 1989; Venkatesh, Davis
2000; Rittgen
2010; Moody et
al. 2003;

Using the process model would improve my performance in my job.
Using the process model in my job would increase my productivity.
Using the process model would enhance my effectiveness in my job.
I find the process model to be useful in my job.
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3.1.4 Summary of Process Model Quality Criteria
The process model quality dimensions of our evaluation approach range from syntactic
model quality (modelling notation,), to semantic quality (domain knowledge) and to
pragmatic model quality (perceived usefulness of the model in its application domain).
Syntactical issues are well controlled and can be measured objectively. The main evaluation effort is therefore directed towards semantic and pragmatic model quality. Figure 4 provides an overview of the quality dimensions and their respective items as discussed above:

Figure 4: Summary of quality dimensions of our process model and their respective items.

3.2

Design of multi-media evaluation tool

Considering the nature of the evaluation criteria, the research methodology applied and
the experiences and recommendations regarding the evaluation of PSQ and PU in research community, a survey method is chosen for ex-post evaluation (Venable et al.
2012; Siau, Rossi 2011; Recker, Rosemann 2010; Rittgen 2010; Cleven et al. 2009;
Maes et al. 2005; Poels et al. 2005a). A semi-quantitative, questionnaire based survey
with qualitative comment is used for data gathering and collection. The questionnaire
contains all the statements presented in table 2 and 3 as well as the additional comment
fields for PU and PSQ. All items are measured on a 7-point Likert scale, where 1 strongly disagree, 2 - moderately disagree, 3 - somewhat disagree, 4 - neutral (neither
disagree nor agree), 5 - somewhat agree, 6 - moderately agree, and 7 - strongly agree.
As target groups for the survey, middle and executive management-level domain
experts in the area of innovation management and strategic planning, which represent
the actual users and beneficiaries of the process model, are approached. Perceptions of
senior executives and middle managers from the respective application domain were
found to be a good proxy for organisational performance of conceptual process. Before
the actual questionnaire, the process model is introduced and presented to survey participants. In order to reduce bias caused by different and varying forms of process
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model presentation and different accompanying explanations of its modules and activities, this is done in the form of one identical introduction presentation for all participants presented via a web based survey tool, like e.g. in Krogstie, Nossum (2014),
Rothe et al. (2010) or Nicholas et al. (2004).
Subsequently, the questionnaire is presented to participants. Web based surveys
allow for an efficient and effective way to reach a large population of potential participants (Schonlau et al. 2002). They have been applied in a variety of settings and with
different populations (Brown et al. 2016; Moossdorff-Steinhauser et al. 2015). Surveys
in general, and web based surveys in particular, represent a good evaluation technique
for design methods and conceptual models, especially if the objective is to gather perception information from practitioners (Siau, Rossi 2011). Furthermore, survey and
questionnaire design, dissemination and data storage and analysis are efficient and well
supported by different survey tools (Greenlaw, Brown-Welty 2009). Participants are
invited by e-mail, the selection of potential respondents (experts in the area of innovation management and strategic planning) is done via two innovation management related organisations. More precisely, with the Platform of Innovation Management (PFI)
and the Product Development and Management Association (PDMA). As a survey tool
for data collection, SoSci Survey is selected. This tool allows for creating online questionnaires and for integration of additional media files (Leiner 2014). Data analysis and
evaluation is done using Microsoft Excel. Validity of results is ascertained by applying
the validated and acknowledged statements and items presented in section 3.1.
For the evaluation, we selected a semi-quantitative, questionnaire based survey
with qualitative comment fields for data gathering and collection (e.g. Venable et al.
2012). In contrast of a typical case study or prototype evaluation, we argue the following study design has some advantages to evaluate process models.
The actual questionnaire is preceded by an introduction to the process model.
Therefore, we created one uniformous introduction video presentation for all participants, presented via a web-based survey tool. This allowed us to reduce bias caused by
different and varying forms of process model presentation and different accompanying
explanations to its modules and activities. We developed the introduction process
model presentation using MS PowerPoint. Based on the single slides of this presentation, we elaborated a comment guideline for each part. The comments where then recorded and the audio files generated this way were matched to the respective slides and
were included into the final PowerPoint file. Additionally, we used the pointer-feature
of PowerPoint to highlight the relevant parts of the single slides according to the timing
and content of the audio comment files. The presentation was then saved as a video
file, which was uploaded to YouTube in order to be integrated into our SoSci Survey
online questionnaire. Error! Reference source not found. illustrates the survey layout
and provides an overview of the introductionary page of the survey including the video
presentation:
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Figure 5: Screenshot of the questionnaire and integration of the video presentation.

Following the introduction video presentation, the process model is explained in the
form of a click-through and wiki-like presentation, allowing survey participants to familiarize themselves with detailed information about the process model.
The survey consists of 9 items and 22 statements and additional textual statements
(cf. section 3.1). In order to gain additional feedback and qualitative input for process
model discussion, textual comments are collected for the selected items of PSQ relevance, PSQ completeness, PU job relevance and PU result demonstrability. Comment
fields are shown based on triggering answer options of participants, providing us with
the possibility of considering qualitative aspects as well. Furthermore, the collection of
textual feedback allows for further interpretations of survey results and ultimately provides us with the possibility to gain further learnings and insights.
The statements investigating the defined items were presented pairwise, the answer options are illustrated in figure 6.
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Figure 6: Layout of the questionnaire regarding the statements of PSQ and PU.

As a survey tool for data collection, we selected SoSci Survey, which allows for creating online questionnaires and for integration of additional media files. Microsoft Excel
was used for data analysis. Web-based surveys allow for a quick, simple, cheap and
effective way to reach a large population of potential participants and have been applied
in a variety of settings and with many different populations (Brown et al. 2016). Furthermore, survey and questionnaire design, dissemination and data storage and analysis
are efficient and well supported by different survey tools (Greenlaw, Brown-Welty
2009).
In summary, the survey consisted of the following elements: Part 1: Introductionary presentation of the process model (10-minute video, mandatory); Part 2: Additional,
information about the process model (optional click-through presentation, duration as
required); Part 3: Completion of PSQ and PU questionnaire (10 minutes, mandatory).

4 Experiences of multi-media evaluation
4.1

Test Setting and Pre-Test

As target groups for the survey, middle and executive management-level domain experts respectively actual users and beneficiaries of the process models were approached. Participants were invited by e-mail, the selection of potential respondents complying with the requirements stated above – was distributed via two innovation
management related organisations – namely the Platform of Innovation Management
(PFI) and the Product Development and Management Association (PDMA).
A pre-test survey with participants form academia was carried out in order to validate the general structure of the questionnaire, the performance and suitability of the
survey tool, the measurement scale proposed and the textual comment functionality of
the survey. The collected pre-test comments confirmed the design and structure of the
questionnaire and the survey tool. Especially the use of Likert scale and the video-based
presentation were regarded to as appropriate and applicable for presenting and evaluating a complex model like in the present case.

4.2

Findings and Discussion

The survey was open for participation from August to October 2016. In total, 52 participants from different industries (ranging from manufacturing, automotive, telecommunication and energy to IT services, construction, software, biotechnology etc.) and
5 five different countries completed our survey. The results of the survey indicated the
quality of our process model and are summarised in figure 7:
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Figure 7: Average and standard deviation of PSQ, PU and their items (normalised, ranging
from strongly disagree (-3) to strongly agree (3).

The conduction of the ex-post evaluation of our process model led to some important
findings and key learnings:
The application of a web-based survey tool like SoSci Survey proved to be applicable to reach larger populations of experts. We recommend this type of survey platforms. Especially in combination with e.g. the interactive click-through presentation
and the introductionary presentation video of our process model, the application of a
web-based survey tool worked well. The introduction of our process model in the form
of a webinar-like video presentation did not only allow us to reach a higher population
of experts and participants but also reduced the potential bias which could have been
caused by different and varying process model introduction and presentation styles,
formats, durations and interviewers.
An important finding is the benefit of including and planning participant recruitment at an early stage of evaluation approach planning. In the context of this study, we
aimed to include experts from the field of innovation and product management, business development and strategic planning. If experts are to be reached by a survey or are
to be included in the evaluation approach, we recommend contacting and collaborating
with respective groups, organisations or associations in order to address a large population of potential participants. In our context, participants were approached via the
Platform of Innovation Management (PFI) and the Product Development and Management Association (PDMA). Additionally, we directly contacted past and current research partners of our university. In this context, we also recommend to contact potential participants (if contact details are available) once at the start of the survey and a
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second time one or two weeks before the end of it. Looking at the response rates, we
could clearly identify the timing and the effect of the second notification respectively
reminder mail, which we sent out on September 19th:

Figure 8: Responses over time.

Another key finding is to keep in mind the total duration of the evaluation and the way
of how to communicate duration and timing related aspects to participants. In our case,
the web-based survey took participants between 20 to 30 minutes to complete the mandatory parts of the survey, including 10 minutes of watching the video presentation and
between 10-15 minutes of filling out the actual questionnaire. Additional time was necessary and further increased the duration of the survey if participants chose to click
through the screen-mode wiki presentation after the video. The participant invitations
sent out in the course of participant recruitment also included - besides some general
survey and contact information - an overview of the single mandatory and optional
parts of the survey and the time estimated to complete these parts. Although we tried
to keep the introductionary video as short as possible, we ended up with a ten-minute
video presentation. This duration was necessary in order to not miss important parts
and aspects of our process model. However, for future surveys we recommend introductionary videos with duration of less than 5-8 minutes. The reason for this is that the
drop-out rate of participants was quite high at the first two pages introduction (page 1)
and video presentation (page 2) of the survey. In addition, 8 of 52 participants did not
watch the full video but skipped on the next part of the questionnaire after 5 to 8 minutes
or earlier, although this part of our survey was mandatory. In order to address this issue,
we would recommend defining time spans after which the next part of the survey is
accessible. In our context, at least the duration of the video should have been defined
as the minimum amount of time, which would have to be spent on page 2 of our survey.
However, we deliberately decided not to use this feature, due the risk of losing even
more participants if we would disable the “next” button at this early part of the survey.
In this context, the definition of mandatory and optional questions needs to be tested
and well thought through.
The collection of textual comments in addition to the quantitative likert-scale based
statements also showed to be helpful and – as expected – provided us with further insight on our artifact and helped us understand participants answer options. The main
findings are summarized in the following table:
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Table 4: Summary of key learning and recommendations.
Title

Description

Importance of participant recruiting
process

Definition of a systematic and structured approach of how to approach and remind potential participants is of crucial relevance for
getting a satisfactory response rate.

Consideration of
timing and duration
aspects

The total duration of a web-based survey should not exceed 20-30
minutes. Otherwise, higher drop-out rates and ultimately fewer responses may be the result. If introductionary presentations are part
of the survey, the length of these should be kept as short as possible.
Web-based survey instruments offer the possibility to reach larger
groups of participants and allow for conducting survey independent
of place and time.

Potential of webbased, interactive
and multi-media
survey instruments

The provision of the screen-mode presentation to participants allowed for getting additional information after process model introduction and was easy to integrate in the selected survey tool.

Collection of textual comments

The collection of textual comments for selected statements allowed
for gaining further insights into our model from participants’ point
of view and helped interpreting results.

Mandatory and optional parts of the
survey

The division into mandatory and optional survey parts allows for reducing the risk of too long survey durations on the one hand but
bears the risk of missing valuable results on the other hand. Optional
survey parts should hence only be applied if the respective part is not
of basic relevance for the survey’s purpose but would e.g. allow for
additional interpretation of results.

In order to reduce bias caused by different and varying ways of presenting the artifact and required for online presentation of complex
models or evaluands, webinar-like videos can be recommended and
proved to be applicable in such contexts.

5 Conclusion
Selecting and developing appropriate evaluation approaches is a significant issue in
DSR and the need for novel strategies is high (Venable et al. 2016). In this paper, we
presented an approach to artifact evaluation, which goes beyond the analysis of usefulness of implemented prototypes in the course of case studies or interviews. The webbased survey with interactive and multi-media elements proved to be capable of collecting results from specific expert groups. The evaluation approach developed in order
to evaluate our process model from an ex-post perspective provided us with valuable
results and showed that there is more to artifact evaluation than just utility of prototypes: based on the three dimensions of syntactical, perceived semantic and perceived
pragmatic model quality, we were able to evaluate our conceptual artifact before actually implementing a real-world prototype.
Furthermore, the application of the semi-quantitative web-based survey addressing
PSQ and PU items provided us with the possibility to access a high population of experts. The collection of textual statements allowed for gaining further insights and en-
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abled us to derive additional interpretations of survey results. Indeed, our research supports the general observation that the combination of qualitative and quantitative input
can lead to new insights and modes of analysis (Venkatesh et al. 2013). However, as
our recommendations above indicate, there are important elements for consideration.
Besides the elaborated evaluation criteria, this paper also described the methodological
steps of developing a multi-media evaluation approach. These can be adopted by other
researchers in similar situations in developing appropriate evaluation approaches in
their specific settings.
Based on our findings, multi-media approaches can be of great usefulness in settings where either evaluation has to be done remote (i.e. researcher and participants are
in different locations) and time-independent (i.e. researcher is not available for questions when participants conduct e.g. the survey) or anticipatory (i.e. there is no realworld prototype of an artifact implemented yet or implementing such would be inadequate or unjustifiable). The findings together with some recommendations are presented in section Error! Reference source not found. of the paper. Similarly, the recommendations can also be applied in other research setting, where web-based surveys
are to be conducted and applied.
Future research should analyse the applicability of semi-quantitative web-based
evaluation approaches similar to ours for e.g. different types of artifacts and in additional research domains.
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