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Abstract. Business process improvement (BPI) is an important task in times of quickly changing customer
requirements and evolving technologies. A variety of BPI approaches were developed in recent years,
however, the proper codification of results created in BPI projects has not been properly investigated
yet. In this respect, the paper at hand examines the impact of tool-based codification approaches on
problem-solving in BPI. Moreover, the effect of the design either as a spreadsheet-based or a conceptual
model-based tool on user satisfaction is analyzed. For that purpose, we revert to two tools we developed,
which both offer the identical functionality but diverge in the techniques of codifying results: spreadsheet
templates on the one side and conceptual models on the other side. In our study, the form of codification
tremendously affected the perceived user satisfaction whereas the results received for problem-solving did
not show a clear preference. Regarding the former issue, the beneficial role of conceptual models for
codifying results with the help of software tools could be demonstrated.
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1 Introduction
Business process improvement (BPI) is a central
task of today’s companies, (cf. (Beerepoot et al.
2019; Harmon 2018; Hawkins 2018)) considering
the frequently changing customer requirements
and the decrease of information asymmetries be-
tween sellers and buyers caused by new digital
technologies (e. g., social media, portals for prod-
uct comparison, etc.) (Laudon and Laudon 2014;
Mukerjee 2013). BPI deals with the change of
business process elements such as "activities" or
"resources" (Griesberger et al. 2011). In this
respect, the "state after the change exceeds the
state before the change in such a way that the
degree of accomplishing organizational goals is
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increased, which improves the performance of the
business process" (Griesberger et al. 2011, p. 3).
In the domain of quality management, manifold
approaches have been developed in recent years
to support the execution of BPI projects (Ades-
ola and Baines 2005; Harmon and Garcia 2020;
Zellner 2011). These approaches provide pro-
cedure models (e. g., according to the Define-
Measure-Analyze-Improve-Control ‘DMAIC’ cy-
cle) (cf. (Snee and Hoerl 2003)), which define steps
to be performed for conducting BPI projects in a
structured manner. However, companies increas-
ingly refrain from using holistic BPI approaches
and prefer the pragmatic application of few se-
lected BPI techniques (e. g., Ishikawa Diagrams,
also called Fishbone Diagrams) (e. g. (Klochkov
and Tveryakov 2020)) to improve their business
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processes instead (Davis 2013; Hawkins 2018;
Uluskan 2016). These techniques can then be
combined with traditional business process mod-
eling and analysis approaches (Vanwersch et al.
2016; Weber and Mendling 2015).

In this regard, codification (cf. (Dalkir 2005;
Hall 2006)) in BPI is crucial to enable the coor-
dination of project teams and process improve-
ment efforts (e. g., (Antony and Gupta 2019; Brey-
fogle 2010)). Codification refers to the process of
converting knowledge into human- and machine-
processable information (primary level of codifi-
cation) (Bork and Fill 2014) but also comprises
the adequate representation of the information
itself, e. g., in form of conceptual models, draw-
ings or tables (secondary level of codification)
(e. g., (Anaby-Tavor et al. 2010; Hall 2006; Wand
and Weber 2002)). Hence, the primary level of
codification is concerned with the process of ex-
plicating previously tacit knowledge (Hall 2006);
the secondary level of codification deals with the
question of how to purposefully represent the
information (Hall 2006). In a BPI context, the
development of process improvement suggestions,
based on the process knowledge of the workforce,
is referred to as "primary level of codification" in
the following, and the subsequent goal-oriented
documentation of the improvement suggestions as
"secondary level of codification".

However, "codification", and particularly the
secondary level of codification, is a discipline
largely neglected in BPI research (cf. (Johannsen
2017; Zellner 2011)). Whereas commonly estab-
lished BPI techniques (e. g., Failure-Mode-and-
Effects-Analysis – FMEA) or BPI approaches
(e. g., Six Sigma) – to elicit employees’ tacit pro-
cess knowledge (Amaravadi and Lee 2005) for
the purpose of creating improvement opportuni-
ties – can be found in literature (e. g., (Andersen
1999; Meran et al. 2013; Snee and Hoerl 2003;
Uluskan 2016)) (primary level of codification), the
appropriate representation of the results to be ef-
fectively communicated, analyzed and processed
is not investigated properly (secondary level of
codification).

In this respect, several diagram types, e. g., the
Ishikawa Diagram or the SIPOC (Supplier, Input,
Process, Output, Customer) Diagram, that enable
the systematic representation of emerging or ex-
plicit knowledge with the help of conceptual mod-
els, are proposed in BPI literature (e. g., (Ishikawa
1980; Meran et al. 2013; Uluskan 2016)). Nev-
ertheless, corresponding means to represent and
structure the emerging knowledge in a BPI project
(secondary level of codification) are not suggested
for all BPI techniques alike, e. g., "process sim-
plification" (Harrington and Lomax 2000). As
a result, various approaches for representing re-
sults are used in practice, e. g., tables, lists or
sketches (Anaby-Tavor et al. 2010). Considering
this, the codification of knowledge in BPI projects
can be efficiently supported by software, with dif-
ferent types of tools existing for that purpose, e. g.,
MS Office packages or drawing tools (cf. (Harmon
and Garcia 2020)). On the one hand, software in
the BPI field backs the primary level of codifica-
tion by offering techniques that help to convert
employees’ knowledge into explicit information.
On the other hand, the secondary level of codi-
fication is fostered by diagrams, tables, lists or
sketches, amongst others, to present and structure
the information. In practice, a huge emphasis
is put on MS Excel templates, as offered by the
American Society for Quality (ASQ)1 or open
access platforms (e. g., Lean Methods Group)2 , to
support the codification in BPI (e. g., (Wang et al.
2014)). Besides, also commercial tools for BPI
that have purpose-built front-ends to steer user
interaction and process project data exist3 .

Against this background, little research has been
done on the design of software for BPI to purpose-
fully codify and process knowledge. Accordingly,
design options for software to support users in de-
veloping and documenting process improvement
opportunities have not been properly investigated
yet. In particular, existing software artefacts for
this purpose have so far not been evaluated in the

1 https://asq.org/quality-resources/seven-basic-quality-tools
2 https://www.leanmethods.com/resources/tools-templates
3 https://www.minitab.com/en-us/products/engage/
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sense of Design Science Research (DSR) (Hevner
et al. 2004; Peffers et al. 2007). As a basis for the
evaluation step in DSR, the theory of "cognitive fit"
(cf. (Shaft and Vessey 2006; Vessey and Galletta
1991)) already indicated that the "mental repre-
sentation", and hence, the way a user represents
a problem in human working memory, decisively
affects the emerging problem solution (cf. (Vessey
et al. 2006)). According to this theory, an efficient
and effective problem solution requires a consis-
tent "mental representation" (and thus a "cognitive
fit"), which is given if the "types of information"
accentuated by the "problem representation" and
the "problem-solving task" match (Vessey and
Galletta 1991). Transferred to the BPI context a
"cognitive fit" will result for instance, in case the
flow of activities of a business process is to be
identified and a corresponding process model –
visualizing the logical arrangement of the singular
activities – is used for that purpose. The graphical
model directly reflects the arrangement of activi-
ties and hence, the same "types of information"
in the sense of (Vessey and Galletta 1991) are
emphasized by the problem-solving task and the
problem representation. Contrary, a mismatch
may occur in case the logical arrangement of ac-
tivities is represented in form of written text with
complex sentence structures, making the sequence
of activities hard to identify. According to this
theory, the abilities of software to represent and
structure a problem may influence the effective-
ness and efficiency of problem-solving. However,
corresponding investigations in the context of BPI
are missing.

As a step towards closing this gap, we compare
two software tools for BPI that we have developed
in terms of efficiency and effectiveness of problem-
solving but also users’ tool satisfaction in general
(cf. (Bevan 1995)) by using experiments. Both
software tools offer the user an identical set of
BPI techniques, which have proven beneficial in
practice and cover all common stages of a BPI
initiative (cf. (Harrington et al. 1997; Vanwersch
et al. 2016)). Each tool supports the user during
the application of these BPI techniques to explicate
knowledge (primary level of codification) and to

document the project outcomes in a structured
way (secondary level of codification). The first
tool was realized as an MS Excel solution building
on spreadsheet templates. Thereby, a spreadsheet
template is based on a standard Excel spreadsheet
that was modified to foster the development of
improvement suggestions and to document the
results of a BPI project. For that purpose, the
user enters information into designated cells. The
second tool was designed as a modeling tool
and implemented via the ADOxx meta modeling
platform4 (Fill and Karagiannis 2013).

To better assess the relation between the codifi-
cation of project results and the design of software
for BPI, we pose the following research questions
(RQ):

• RQ1: Which impact does the form of codi-
fying knowledge in BPI projects – either by
help of spreadsheet-based or conceptual model-
based software tools – have on efficiency and
effectiveness of problem-solving as well as user
satisfaction?

• RQ2: Which insights can be derived for the
theory of cognitive fit in the course of tool-
supported BPI projects? In so doing, we take an
important step towards a better understanding of
how to design software to purposefully support
codification in BPI projects.

The paper unfolds as follows: in the next section,
foundations of BPI, knowledge codification and
the cognitive fit theory are introduced. The tools
to be analyzed and the setting of the study are
dealt with in the sections to follow. Afterwards,
the results of the investigation are described and
interpreted. The paper ends with a conclusion and
an outlook.

2 Foundations

2.1 Business Process Improvement and
the BPI Roadmap

Over the last decades, manifold BPI approaches
were developed (e. g., (Harmon and Garcia 2020;

4 http://www.adoxx.org
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McGovern et al. 2017)) and various research
streams can be identi�ed for this �eld. First,
several authors propose to use employees' implicit
process knowledge (Seethamraju and Marjanovic
2009) to overcome weaknesses in the design of
business processes. For that purpose, they develop
holistic BPI approaches that follow certain proce-
dure models, which structure BPI projects by help
of a logical arrangement of steps (phases) and sup-
porting techniques to create results (cf. (Adesola
and Baines 2005; Coskun et al. 2008; Dumas et al.
2013; Grant 2016; Harrington 1991; Noori and
Lati� 2018; Palkina 2018; Povey 1998)). Thereby,
"traditional" BPI techniques (e. g., Ishikawa Dia-
gram, FMEA, etc.) (cf. (Andersen 1999; Uluskan
2016)) or certain model types (e. g., UML Use
Case Diagrams, Business Process Diagrams, etc.)
(cf. (Ferrante et al. 2016)) are proposed for the
generation of results amongst others. A further
research stream deals with the de�nition of "pat-
terns" (e. g., (Alexander et al. 1977)) to support the
"act of improvement" (Forster 2006) in business
process management.

These patterns are seen as reusable and estab-
lished instruments to re�ect upon the as-is-process
and derive a should-be-process (Falk et al. 2015;
Lang et al. nodate; Lohrmann and Reichert 2016;
Pourshahid et al. 2013; Zellner 2013). In that
way, particular elements of a business process
are modi�ed (cf. (Griesberger et al. 2011; Zell-
ner 2013)). In addition, automatic approaches
for applying corresponding patterns on business
process models are investigated to come to im-
provement suggestions (e. g., (Becker et al. 2010,
2016; Bergener et al. 2015; Smolnik et al. 2011)).
An overview of business process model patterns
along with a taxonomy that covers di�erent do-
mains is given by Fellmann et al. (2019). In this
line, also the term "anti-pattern" came up, which
describes counterproductive suggestions to well-
recognized process problems (Koschmider et al.
2019). More, process mining (Van Der Aalst et al.
2012) has increasingly gained attention, because
it enables users to compare as-is process instances
with a to-be process (M ru³ter and Beest 2009;

Park and Kang 2016). In recent research, event
logs of an as-is process are used to generate a
proposition for a revised and improved process
version as done by the AB-BPM methodology
for instance (Satyal et al. 2019). In this respect,
also the term experimental process improvement
was coined, which subsumes research to enhance
the BPM lifecycle by means to execute process
variants (as part of experimental designs) to �nd
potentials for process optimization (Weber and
Mendling 2015). Furthermore, to systematically
derive information from processes, a framework
which enables the de�nition of contextual process
querying methods was developed by Polyvyanyy
et al. (2017).

Considering this variety of approaches, the BPI
framework of (Vanwersch et al. 2016) is help-
ful to categorize use cases, which highlight the
application of di�erent BPI methods at compa-
nies. However, several authors point out that
certain BPI approaches (particularly those of the
�rst research stream) have methodological �aws,
which hamper their purposeful application in BPI
projects (Antony and Gupta 2019; Stojanovi¢ et al.
2016; Zellner 2011). Further, numerous method-
ologies are perceived as over-dimensioned by prac-
titioners, especially for BPI initiatives with a lim-
ited scope (Davis 2013). Hence, companies often
prefer to use a manageable set of selected BPI tech-
niques for process improvement instead (Davis
2013; Hawkins 2019; McGee-Abe 2015). Be-
cause of that, we introduced the so-called BPI
roadmap in a previous work (Johannsen and Fill
2014). The BPI roadmap is a sequential arrange-
ment of a manageable set of BPI techniques that
are commonly established in practice and have
proven useful in BPI projects at �rms of di�erent
sizes. Thereby, the BPI roadmap helps to pur-
posefully elicit users' implicit process knowledge
to generate improvement suggestions. The BPI
roadmap is structured according to the DMAIC
cycle (De�ne, Measure, Analyze, Improve and
Control cycle), which is known from the Six Sigma
approach (cf. (Snee and Hoerl 2003)) and com-
prises eleven BPI techniques. It was developed in

http://dx.doi.org/10.18417/emisa.18.1
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Figure 1: Business Process Improvement (BPI) Roadmap (Johannsen and Fill 2014)

cooperation with an automotive bank and evalu-
ated in several BPI projects (Johannsen and Fill
2014). The BPI roadmap meets practitioners' cur-
rent needs for pragmatic and manageable means
to improve business processes (cf. (Davis 2013;
Hawkins 2019)). Fig. 1 gives an overview of the
roadmap. Details on each technique can be found
in (Meran et al. 2013) or (George et al. 2005).

The BPI roadmap works as follows: Via the
SIPOC Diagram, a business process is visualized
on an abstract level. In this respect, the 5-10 most
important process steps, the required input, the
produced output, customers as well as suppliers
of the output or the input, respectively, are pointed
out. Afterwards, the expectations of customers
and employees on the process performance (so
called Critical-to-Quality "CTQ" and "Critical-to-
Business "CTB" factors) are determined via the
CTQ-/CTB-Matrix. To do so, verbally uttered
customer (Voice of the Customer � VOC) and
employee requirements (Voice of the Business
� VOB) are condensed to core statements from
which measurable project goals, namely the CTQ
and CTB factors, are derived (Pande et al. 2014).
In the Measure-phase, Key Performance Indica-
tors (KPIs) � for measuring process performance �
are determined, prioritized (Measurement Matrix)
and corresponding measurement data is collected
(Data Collection Plan). Problem causes of in-
su�cient process performance are analyzed via
Histograms and Scatterplots and structured by
means of the Ishikawa Diagram. Solutions to
overcome the process weaknesses are then worked
out using the A�nity Diagram. Measures against
the occurrence of potential process deviations are

determined (Reaction Plan), and the process is
continuously monitored (Control Charts). The
described BPI roadmap will be processed repeat-
edly (indicated by the dotted arrow) and new BPI
projects are initiated to consider changing cus-
tomer requirements.

2.2 Knowledge Codi�cation in BPI
The codi�cation of knowledge in BPI projects
addresses the derivation of process improvement
suggestions. It is based on employees' tacit knowl-
edge for presenting the information in a structured
manner, for being e�ciently communicated and
further processed by machines and humans alike.
Whereas we propose the abovementioned BPI
roadmap as a means to support the creation of
process improvement opportunities based on em-
ployees' tacit process knowledge (primary level of
codi�cation), the BPI literature gives little atten-
tion to the secondary level of codi�cation. How-
ever, the appropriate structuring and presentation
of the emerging knowledge in BPI initiatives is
decisive because outcomes can be further re�ned
and BPI projects may run in parallel (Breyfogle
2010; Seethamraju and Marjanovic 2009). How-
ever, the question of how to adequately document
and structure knowledge is not su�ciently ad-
dressed by established BPI approaches. In this
respect, conceptual models such as concept maps
or knowledge taxonomies (Dalkir 2005) can be
helpful as they do not only support people-oriented
communication and understanding but also the
application of technological knowledge engineer-
ing techniques, e. g., automated processing of the
model content (Mylopoulos 1992).
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Figure 2: Meta model of the CTQ-/CTB-Matrix and instantiations as a conceptual model and a spreadsheet template

Although BPI literature o�ers certain diagram
types, e. g., the Ishikawa Diagram (cf. (Ishikawa
1980)), which support the creation of results and
clearly indicate how to arrange and structure in-
formation, corresponding presentation forms are
missing for a large amount of BPI techniques. In
a previous work, we thus developed conceptual
model types and spreadsheet templates for the BPI
techniques of the BPI roadmap to codify emerging
knowledge in projects. For that purpose, the un-
derlying functionality of each BP technique was
analyzed, core concepts were derived and then
transformed into classes of a meta model.

For example, the CTQ-/CTB-Matrix
(cf. (George et al. 2005; Meran et al. 2013))
is characterized by the core concepts "VOC",
"VOB", "CTQ", "CTB" and "Core statement".
Thereby, as mentioned, the VOC and VOB state-
ments capture the verbally uttered requirements in
regard to the process performance by consumers
and employees. Based on these, core statements
are derived, which are used to de�ne CTQs
and CTBs thereafter (e. g., "reduce response
time to 10 minutes"). In this respect, the VOC
and VOB statements have to be linked to core
statements and each CTQ resp. CTB factor is
related to one or more core statements in turn.
Consequently, the classes "Voice of the Customer

(VOC)", "Voice of the Business (VOB)", "core
statement", "Critical-to-Quality factor (CTQ)"
and "Critical-to-Business factor (CTB)" were
derived for a meta model, which de�nes the
CTQ-/CTB-Matrix. Further, the relationclasses
"condense" and "derive critical factor" were
de�ned to specify the relationships between the
classes. Fig. 2 shows the meta model as well as
two exemplary instantiations. The �rst instance of
the meta model is designed as a conceptual model
and the second one as a spreadsheet template.
The meta models for the other BPI techniques of
the BPI roadmap with corresponding conceptual
model types and spreadsheet templates were
created in the same manner5. The applicability
of the emerging model types and spreadsheet
templates was demonstrated by help of data,
which stems from a BPI project conducted at
an automotive bank (Johannsen and Fill 2014).
Further, corresponding tools were developed as
described later on.

2.3 Cognitive Fit Theory

The "cognitive �t theory" was created to explain,
which problem representations are most appropri-
ate to support particular task types (Khatri et al.

5A link to the integrated meta model of the tool is provided
at: https://tinyurl.com/zabvaw96
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2006; Vessey and Galletta 1991). In this respect,
the graphs versus tables controversy, and hence,
the question which of these concepts to use for rep-
resenting information and data was in the center of
attention initially (Vessey 1991). The authors of
the theory developed the notion that "complexity
in the task environment will be e�ectively reduced
when the problem-solving aids (tools, techniques,
and/or problem representations) support the task
strategies (methods or processes) to perform that
task" (Vessey 1991, p. 220). In that case, a "cogni-
tive �t" occurs, which increases the e�ectiveness
and e�ciency of problem-solving (Vessey 1991).
In the cognitive �t model, problem-solving is the
result of the interplay between the problem rep-
resentation and the problem-solving task (Vessey
1991; Vessey et al. 2006). Thereby, a user formu-
lates a mental representation, which describes the
way a problem is represented in the working mem-
ory of people (Vessey 1991). The primary idea is
that in case the types of information emphasized
by the "problem representation" and the "problem-
solving task" match, the cognitive processes used
to solve a problem accentuate the identical type
of information (Vessey 1991). Fig. 3 shows the
general problem-solving model of the cognitive
�t theory (cf. (Vessey 1991)).

According to (Vessey 1991), graphs can be
seen as spatial problem representations because
"spatially" related information is being presented
whereas tables embody discrete data values and
are entitled "symbolic representations". In this
context, a further di�erentiation is made regarding
"spatial" and "symbolic" tasks (cf. (Vessey 1991;
Vessey and Galletta 1991)). Thus, spatial tasks
require the user to make or perceive associations
in the data, with perceptual processes being most
appropriate for solving these tasks and coming to a
"cognitive �t" (Vessey 1991). Contrary, symbolic
tasks lead to a precise data value and are best
performed via analytical processes that extract
and act on discrete data values (Vessey 1991).
Thereby, (Vessey and Galletta 1991) show that
users tend to formulate a mental representation of
the problem, which is consistent with the type of

information in the �rst problem-solving element
considered. Hence, when a spatial task is given,
users create a mental representation of the problem
that associates relevant data for solving the task
(cf. (Vessey and Galletta 1991)).

The above-shown basic model was modi�ed in
literature, e. g., by Zhang and Norman (1994) who
di�erentiate between an internal representation
of the problem domain and an external problem
representation. (Shaft and Vessey 2006) distin-
guish between mental representations for software
and maintenance tasks in the context of software
maintenance. (Larkin and Simon 1987) suggest to
di�erentiate between the task types "search" (e. g.,
search for an information), "recognition" (e. g.,
recognize unveiled inferences) and "inference"
(e. g., identify new inferences, not explicitly de-
scribed yet). Further, (Vessey and Galletta 1991)
propose to consider "individual problem solver
characteristics" as a further element to impact the
"mental representation". Therefore, they enhance
the above basic model by users' "problem-solving
skills", which describe particular procedures a per-
son uses to solve a problem (Vessey and Galletta
1991).

In the BPI context at hand, conceptual model
types, as described in the preceding section (e. g.,
CTQ-/CTB-Model), produce "spatial representa-
tions" of information because quality-related con-
cepts (e. g., VOC/VOB statements or CTQ/CTB
factors) are represented by modeling constructs
that are put into relation. Contrary, information
captured in spreadsheets (e. g., data for the Data
Collection Plan) represents a "symbolic represen-
tation" of knowledge emerging in BPI projects.
Transferring the proposition of (Vessey and Gal-
letta 1991) to the context at hand, the creation of a
"mental representation" for a BPI-speci�c problem
in the working memory of a user (cf. (Vessey 1991;
Vessey and Galletta 1991)) could thus be in�u-
enced by both, conceptual models types as well as
spreadsheet templates that are used to codify ideas.
In this regard, spreadsheet-based or conceptual
model-based tools serve as problem-solving aids
(cf. (Vessey 1991)) to work on a problem-solving
task occurring in BPI projects (e. g., derivation
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Figure 3: General Problem-Solving Model according to the Cognitive Fit Theory (Vessey 1991)

of customer requirements). Hence, the question
is, whether the design of a software � either as
a spreadsheet-based or conceptual model-based
tool � in�uences the e�ectiveness and e�ciency
of problem-solving in BPI as well as users' general
satisfaction with the software.

Generally, various forms of codi�cation such
as cognitive maps, knowledge taxonomies, de-
cision trees, tables or sketches are discussed in
knowledge management literature (cf. (Anaby-
Tavor et al. 2010; Dalkir 2005)). In the context
of BPI, especially spreadsheet templates have a
wide distribution, which is due to the availability
of MS Excel-based solutions (see Sect. 1) and
MS O�ce packages in general. Additionally,
conceptual models represent a promising means
for codi�cation purposes because they visualize
relations between input and output information
(e. g., customer requirements and quality goals)
supporting people-oriented communication in BPI
(e. g., (Hagemeyer et al. 2006; Mylopoulos 1992)).
Accordingly, conceptual models and spreadsheet
templates are in the center of our study. Moreover,
since the application of the cognitive �t theory
in the BPI discipline is an under-researched topic
yet, we approach this �eld by focusing on the
"problem solution" element in a �rst step as well
as corresponding measures for its quantitative
assessment.

2.4 Measurement of E�ectiveness,
E�ciency and User Satisfaction

According to the cognitive �t theory, the used
problem-solving aids in�uence the e�ectiveness
and e�ciency of problem-solving (e. g., (Vessey
and Galletta 1991). In literature, e�ectiveness
of problem-solving is often measured by help

of true/false, multiple choice or open questions
(cf. (Burton-Jones and Meso 2006; Vessey 1991;
Vessey and Galletta 1991)). However, since we fo-
cus on tool-based approaches for codifying knowl-
edge in BPI, we revert to e�ectiveness measure-
ments encountered in the �eld of software usability.
In this respect, e�ectiveness in performing a partic-
ular task (task e�ectiveness), e. g., identi�cation of
problem causes, is typically judged on the base of
the output completed (e. g., 50% of the previously
de�ned task) as well as the quality of the output
(e. g., degree to which the output achieves aspired
goals) (Bevan 1995; Kirakowski 1998). Take the
task of formulating CTQ or CTB factors, which is
commonly executed in BPI projects (e. g., (Pande
et al. 2014)). On the one hand, task e�ective-
ness would then refer to the question of whether
all relevant customer and employee requirements
(VOC and VOB statements) have been considered
or not (output completed). On the other hand,
the quality of the CTQ and CTB factors would
be in the focus, e. g., whether these have been
speci�ed in a measurable manner or not (quality
of the output).

As (Vessey 1991) states, time measurements
have played a minor role in table and graph re-
search. However, considering research in the
�eld of software usability, a common measure
to determine e�ciency is the so-called "tempo-
ral e�ciency". Temporal e�ciency relates the
variables "task e�ectiveness" and "task time" to
one another (temporal e�ciency = task e�ective-
ness/task time) (Bevan 1995). Thereby, task time
captures the timespan for completing a certain task.
In this respect, the time required for working on a
task is put into relation to the "task e�ectiveness"
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and, hence, e�ciency-e�ectiveness trade-o�s are
considered (cf. (Bevan 1995; Vessey 1991)).

Since software-based approaches supporting
the codi�cation of knowledge in BPI are in the
focus of this research, user satisfaction with the
software under investigation is a further highly
relevant perspective. The measurement of user
satisfaction is a subjective undertaking and, thus,
standardized questionnaires were developed in
recent years to enable an assessment, e. g., the
SUMI (Software Usability Measurement Inven-
tory) questionnaire or the ASQ (American Society
for Quality) approach (Sauro and Lewis 2012).
In this context, the SUMI questionnaire has es-
tablished as a widely recognized approach for
testing user satisfaction (Mansor et al. 2012) and
was created and validated on a Europe-wide ba-
sis (Veenendaal 1998). It comprises the quality
dimensions "e�ciency", "a�ect", "helpfulness",
"control", and "learnability" that are assessed us-
ing 50 questionnaire items (e. g., "tasks can be
performed in a straight forward manner using this
software") (cf. (Kirakowski and Corbett 1993)).
A key advantage of the SUMI questionnaire is that
"e�ciency" is one of the �ve quality dimensions
(cf. (Kirakowski and Corbett 1993)), which is as-
sessed on base of certain questionnaire items (e. g.,
"tasks can be performed in a straight forward man-
ner using this software"). Hence, the application
of the SUMI questionnaire o�ers a further, though
subjective, approach for measuring "e�ciency"
besides the abovementioned "temporal e�ciency"
measure.

3 Software Tools for the BPI Roadmap

In this section, the development of both tools that
serve the comparison of spreadsheet-based and
conceptual model-based codi�cation approaches
in BPI is brie�y described.

3.1 Design Science

Both tools were developed by help of the DSR
approach (Hevner et al. 2004; Pe�ers et al. 2007).
In DSR, researchers make use of knowledge re-
lated to tasks or situations to arrive at artifacts to

solve practical problems (March and Smith 1995).
An artifact is a "human-made object, in contrast
to a natural object" (Goldkuhl and Karlsson 2020,
p. 1241) and can take the form of algorithms, meth-
ods or software for instance (Pe�ers et al. 2007).
To structure DSR e�orts, the relevance, rigor
and design cycle have been introduced by Hevner
(2007). While the relevance cycle serves the
identi�cation of requirements by considering the
application context, the rigor cycle re�ects upon
the innovativeness of the artifact by querying the
scienti�c body of knowledge (e. g., existing experi-
ences, expertise, etc.) (Hevner 2007). The design
cycle deals with the iterative construction and
evaluation of the artifact (Hevner 2007). How-
ever, besides the artifact � as an outcome of a
DSR project � its implications to existing theories
should be focused as well (Baskerville et al. 2018).

Various suggestions have been made on the pro-
cess of constructing DSR artifacts (e. g., (Pe�ers
et al. 2007; Vashnavi and Kuechler 2004)). For
instance, (March and Smith 1995) di�erentiate
between the major steps "build", "evaluate", "the-
orize" and "justify". Thereby, the theorizing step
searches for explanations for a change in perfor-
mance that is triggered by the interaction between
the artifact and its environment (March and Smith
1995). The validity of the theoretical assumptions
is then to be validated in the justify step (March
and Smith 1995). In addition, (Pe�ers et al. 2007)
proposed a six step-procedure (identify problem
and motivate, de�ne objectives of a solution, de-
sign and development, demonstration, evaluation,
communication), which combines generally ac-
knowledged process elements that guide DSR
e�orts. Thereby, the approach was developed in a
consensus-building manner (Pe�ers et al. 2007)
and served as a base for building both tools in
our research. To sum up, besides the construction
of an artifact, its contribution to theories should
be discussed in a DSR project (Baskerville et al.
2018). The paper at hand covers aforementioned
perspectives, because the created software tools
for BPI are re�ected against the cognitive �t theory
later on.
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3.2 Objectives of a Solution

Before building tools to support the application of
the BPI roadmap, the objectives are to be speci�ed
considering the problem de�nition and knowledge
about the feasibility (Pe�ers et al. 2007). The pur-
pose is to de�ne requirements an artifact should
meet to ful�ll users' needs (cf. (Pe�ers et al. 2007)).
Therefore, interviews with practitioners of a Ger-
man automotive bank � who are strongly engaged
in BPI activities in their daily routines � were
conducted and 17 functional and non-functional
requirements determined6.

In this context, the �rst tool to support the trans-
formation of employees' implicit process knowl-
edge into process improvement suggestions (pri-
mary level of codi�cation) � was supposed to build
on MS Excel and visualize the results by help of
spreadsheets (secondary level of codi�cation). It
thus represents a technical solution often met in
BPI projects in practice. The second tool ought to
use conceptual models for structuring and repre-
senting the results of a BPI initiative (secondary
level of codi�cation). For that purpose, the meta-
modeling platform ADOxx was chosen to realize
the corresponding modeling tool. Considering
these diverging technical platforms (MS Excel and
ADOxx), proprietary requirements arose on each
tool, which were non-functional in nature. Tab. 1
shows an excerpt.

3.3 Design and Development

Before starting the implementation process, a data
model as well as meta models for the BPI roadmap
were created and the input information received
as well as the output information produced by a
BPI technique (cf. (Hagemeyer et al. 2006)) were
speci�ed in detail.

For the creation of the �rst tool (MS Excel
solution), spreadsheet templates were designed
enabling to document and represent the results
received by applying the BPI techniques. The pro-
cessed data was thus supposed to be directly stored

6The complete list of requirements is provided in the supple-
mentary material: https://tinyurl.com/zabvaw96

in worksheets. The menu navigation, a graphical
front-end as well as the dynamic aspects of the tool
(e. g., functional requirements #3 or #5 in 1) were
realized via Visual Basic for Applications (VBA).
Statistical techniques, e. g., histograms and scat-
terplots, could be easily implemented due to the
data analysis functionality o�ered by MS Excel.
For implementing the second tool in the form of
a modeling software, the ADOxx meta model-
ing platform was used (cf. (Fill and Karagiannis
2013)). Meta modeling platforms o�er huge bene-
�ts for realizing software support because classes
and relations can be largely implemented without
programming e�orts, and an environment for the
storage, user interaction and the generation of
models is provided automatically amongst others
(cf. (Clark et al. 2008; Fill and Karagiannis 2013)).
Generally, ADOxx has been bene�cially applied
in practice and science for more than 20 years now
and has constantly been further developed (Fill and
Karagiannis 2013). For the realization of the tool,
the conceptual model types designed for the tech-
niques of the BPI roadmap were referred to (see
Sect. 2.2) (Johannsen and Fill 2017). To enable
the statistical analyses of process data and the gen-
eration of statistical diagrams (e. g., histograms,
scatterplots), an interface to the statistical software
R (www.r-project.org) was established (Fill and
Johannsen 2016).

3.4 Demonstration
To demonstrate the applicability and usefulness
of both tools (cf. (Hevner 2007; Pe�ers et al.
2007)) to process and analyze data, the datasets
stemming from various BPI projects conducted in
cooperation with a German automotive bank were
referenced. Therefore, it was checked whether
the real-life data could be seamlessly documented
and processed (i. e., statistically analyzed) by both
tools7. Furthermore, the tools are continuously
evaluated with diverse practice partners to gather
feedback and develop them further.

7 Tool II (modeling tool) is available at:
https://austria.omilab.org/psm/content/rupert/download?view=download
(Version 2.0) A short video about tool I (Excel solution) can
be viewed at: https://tinyurl.com/4nu9rsr4
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Table 1: Exemplary overview of requirements

Fig. 4 shows screenshots of the tools. In this
regard, a SIPOC Diagram, an Ishikawa Diagram
as well as a Measurement Matrix are presented
for each tool (see also Fig. 1). By that, di�er-
ences regarding the secondary level of knowledge
codi�cation via spreadsheet templates (tool I) and
conceptual models (tool II) become immediately
apparent for the Measurement Matrix and the
SIPOC Diagram.

In this respect, tool II o�ers modeling con-
structs for each core concept of a BPI technique
(e. g., Supplier, Process steps, Customer, Input
and Output for the SIPOC Diagram), which are
used for the creation of conceptual models. In tool
I, the corresponding information is entered into
pre-de�ned spreadsheet templates and is arranged
in rows and columns of a worksheet. However,
besides the documentation of information, also
the primary level of codi�cation and, hence, the
explication of tacit knowledge may be a�ected.
Thereby, knowledge is mapped to spatial or sym-
bolic representations of a task/problem in the work-
ing memory of the user (cf. (Vessey and Galletta
1991)). It is to be examined whether problem-
solving is a�ected, by either demanding users to
shape their ideas in form of conceptual models, or
to �ll out pre-de�ned templates. That way, insights
can be gained on whether the design of a tool as
a spreadsheet-based or conceptual model-based

software (problem-solving aids) in�uences the
e�ectiveness and e�ciency of problem-solving
in BPI as well as users' tool satisfaction. In BPI
projects users are often confronted with spatial
tasks, whereby input information is purposefully
transformed to output information by help of BPI
techniques (cf. (Hagemeyer et al. 2006)). Ac-
cordingly, it could be hypothesized that tool II
performs better than tool I in terms of e�ciency
and e�ectiveness of problem-solving as well as
user satisfaction.

Both tools were developed by following the
DSR process of (Pe�ers et al. 2007) as described
above. The design and development stages built
on the functional and non-functional requirements
as shown in Tab. 1 to arrive at tool-support for
the BPI roadmap (see Sect. 2.1). However, due
to the di�erent platforms used, some proprietary
requirements arose for each tool regarding the
technical realization (Tab. 1). We argue that both
tools are prestigious representatives for codifying
knowledge in BPI. On the one hand, several qual-
ity institutions (e. g., ASQ, Lean Methods Group,
etc.) o�er templates for BPI techniques that are
based on MS Excel (see Sect. 1), while many
companies use MS O�ce in the course of process
analysis and improvement e�orts (cf. (Harmon
and Wolf 2011; Villanueva 2021)). This circum-
stance is acknowledged by tool I, which is realized
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Figure 4: Screenshots from both tools


