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ABSTRACT

Business process analysis constitutes an essential prerequisite for business process
optimization. Identifying problematic areas in a process and defining the optimization
goals are important aspects of process analysis. This paper proposes a novel approach
to process analysis that is suitable for both experts and novices. The novelty of the
approach lies in the definition of a set of distinct, generic goals based on usability
criteria, as well as the classification of problems that can occur in a process. The
developed approach supports the identification and definition of problems concerning
a business process, as well as the formulation of precise optimization goals. This in
turn facilitates the finding of effective solutions and the achievement of goals.
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INTRODUCTION

According to the Business Process Management (BPM) lifecycle (Dumas
et al., 2018), process analysis follows the process discovery phase, where
the documentation of the as-is state of relevant processes takes place. Thus,
in the process analysis phase, the previously created as-is process models
are analyzed. Subsequently, issues and problems can be identified. Insights
on these weaknesses serve as the basis for improving the processes in the
following redesign phase, eventually resulting in optimized to-be process
models that are ready for implementation.

This paper aims to contribute to the field of BPM by providing a systematic
approach for process analysis that is suitable for both experts and novices. A
process is more than just a series of activities. There are people who carry out
activities, resources they need to perform tasks, and information that should
be exchanged to successfully execute the activities. Business process problems
can be caused by a variety of factors, such as a lack of suitable equipment,
ineffective communication, or inadequate planning. To assist process analysts
in identifying process problems, a set of problem sources was defined. The
following five problem sources were identified: activity scheduling, use
of work equipment, information generation, information exchange, and
personnel deployment. Each problem source can have an impact that is
identified as excessive, insufficient, or inappropriate. Therefore, a business
process problem can be characterized by its source and its impact.
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The developed approach also provides guidance for the formulation of
precise optimization goals and the assignment of problem sources to them. A
review of the relevant literature on business process optimization revealed a
notable absence of a standardized definition of optimization goals. The goals
are often not clearly and distinctly defined, whichmakes it difficult to allocate
a problem to a specific goal. The novelty of the approach lies in the definition
of a set of generic, distinct goals based on usability criteria, which helps to
describe an optimization problem thoroughly. Within this set, satisfaction
is introduced as a key goal for process optimization. Another aspect of the
developed approach is considering the problem from two perspectives: that of
the sender, whose output contributes to the problem, and that of the receiver,
for whom the input becomes the problem. To help users apply the approach,
a stencil was created to define a problem from either the sender or the receiver
perspective, and to match it to a goal.

A series of workshops with process analysis and optimization experts
were conducted in several interactive stages to validate the approach. An
initial evaluation with users suggests that the developed approach can
effectively support them in carrying out process analysis tasks. The findings
of the research emphasize the importance of adopting a human-centered
approach to work design in the context of business process optimization.
The structured approach provides a new way of analyzing business processes
that can be applied by both experienced and novice process analysts.

RELATED WORK

For process analysis, both qualitative and quantitative approaches exist.
Examples of qualitative techniques are the identification of unnecessary
activities in a process via value-added analysis (Conger, 2013) or, vice versa,
via waste analysis (Modig and Ahlström, 2012). Both help to detect process
inefficiencies. Stakeholders may be interviewed to collect process issues from
multiple perspectives (Schwegmann and Laske, 2011). Identified process
problems can be deeply investigated through root cause analyses (Conger,
2013). Quantitative process analysis provides performance measures like
cycle time, waiting time, and labor cost. Techniques such as flow analysis
and queueing theory (Laguna and Marklund, 2004) or simulation (van der
Aalst, 2015) can be used, for example, to reveal issues relating to the process
flow or bottleneck resources.

The goals pursued through process analysis and optimization are often
described as cost savings, time reductions, quality improvements, and
flexibility increases (Dumas et al., 2018; Reijers and Mansar, 2005). To
indicate that the four dimensions of cost, time, quality, and flexibility can
conflict with each other, they are also referred to as the “Devil’s Quadrangle”.
Other optimization goals mentioned in the literature are for example
improving competitiveness, increasing revenue, improving productivity,
reducing service time, reducing production time, improving existing products,
increasing transparency, managing risks, improving customer service, and
improving customer satisfaction (Harmon and Garcia, 2020; Mansar et al.,
2009; Zhou and Chen, 2003). Many of these goals are interconnected:
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Reducing production time, for example, can also reduce costs and improve
productivity. Another example is the goal of increasing process transparency.
Transparency serves to improve the understanding of workflows. And this, in
turn, serves to save time. Thus, transparency can be seen as ameans to achieve
the actual, underlying goal of time reduction. A standardized collection of
possible goals could not be identified in the literature on business process
optimization.

As Hofacker and Vetschera (2001) point out, there is no single optimal
process design. Depending on which of the conflicting improvement goals
and criteria are selected, the resulting to-be process can turn out differently.
Consequently, specific goals are needed to guide the optimization process.
Yet the goals described in the literature tend to be unspecific and not clearly
defined.

To support process analysts in identifying and eliminating existing process
weaknesses, the following sections address a classification of potential
process problems and a definition of specific goals to guide process
optimization efforts.

DEVELOPING AN APPROACH TO SUPPORT BUSINESS PROCESS
ANALYSIS

An important part of business process analysis is the definition of problems
that arise in the process, which is essential for the identification of areas
for improvement. A structured approach, described below, is based on the
classification of problems and the definition of the corresponding goals. First,
the classification of the problems is discussed, followed by the definition of
the set of goals. Finally, a tool that supports the application of the approach
is presented.

Problem Classification

In order to describe problems in a process, the Theory of Inventive Problem
Solving (TRIZ) is employed (Koltze and Souchkov, 2017). TRIZ is the result
of studies based on worldwide patent research, which have led to the findings
that many basic technical problems have already been solved before and that
the principles applied can be used to solve similar problems. Though TRIZ
methods were originally developed for engineering, they can be adapted to
business process management (Souchkov, 2010; Souchkov, 2017; Mann,
2007; Ruchti and Livotov, 2001).

One of the TRIZ methods, the 76 Standard Solutions for eliminating
substance-field problems (Koltze and Souchkov, 2017), define negative
effects, which can arise in technical systems. There could be a lack of effect,
insufficient effect, or a harmful effect. In most cases, processes have no purely
harmful effects. However, there are instances where the effect is beneficial and
harmful simultaneously, or where a beneficial effect can be enhanced.

To develop the approach, a database of use cases, which address a range of
optimization problems from different disciplinary fields and their respective
solutions, was utilized. The use cases were derived from the cases documented
in research projects conducted by the authors themselves. Some were
sourced from case studies documented in the relevant academic literature.
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The database was created for the purpose of finding solutions to problems
that are similar to those of the user. Based on the use cases from the database,
three abstract problem patterns were defined according to the effects that can
occur in processes, as presented in Table 1.

Table 1: Problem patterns according to effects.

Effects Problem Pattern Problem Example

Lack of effect Element missing (too
little)

Actor does not receive
relevant messages

Simultaneous beneficial
and harmful effect

Element superfluous (too
much)

Actor receives superfluous
messages (in addition to
useful ones)

Insufficient effect Element inappropriate Actor must wait for a
message to be sent

The problem patterns always relate to a certain process element. For
the classification of relevant process elements, Business Process Modeling
Notation (BPMN; OMG, 2013) was utilized. Actor (defined by the lane),
activity (task), message, data object, and data store were deemed suitable.
Message, data object, and data store were combined to the element
“information”. Additionally, the element “work equipment”was introduced,
which represents software and hardware. Eventually, the following elements,
called problem sources, were selected for refining the problem patterns:
actor (personnel), activity, information, and work equipment. These problem
patterns were revised based on an analysis of the use cases in workshops with
process analysis and optimization experts to ensure consensus. Finally, the
following five problem sources were identified:

• Personnel deployment – Allocation of actors to the activities of the
process, considering qualitative and quantitative parameters. Personnel
can either be missing, unsuitable, or unnecessary. Related question: Are
there any problems in assigning the actors to the activities?

• Activity scheduling – Planning and coordination of activities in a process,
considering the temporal and spatial parameters. Activities can either be
unplanned, poorly planned, or unnecessary. Related question: Are there
any problems with how activities are planned and coordinated?

• Information generation – Creation and utilization of information to
enable collaboration between actors. The information can either be
missing, incorrect, or unnecessary. Related question: Are there any
problems with the creation or use of the information?

• Information exchange – Data communication or the access to
information. It encompasses the exchange and transfer of information
between the actors, whereby the time aspect is also considered. There
may be too little or no exchange of information, or the communication
or communication channel may be inappropriate or unnecessary. Related
question: Are there any problems with communication or access to
information?

• Use of work equipment – Consideration of the work equipment that is
used to complete the tasks. The work equipment can either be missing,
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unsuitable, or unnecessary. Related question: Are there any problems
when using the work equipment?

Each problem source can have the problem characteristics “too little”,
“inappropriate”, or “too much”. A resulting problem pattern is for
example “too little personnel deployment”. It is noticeable that the aspects
“time” and “costs”, which are frequently mentioned in the literature
(e.g., Harmon and Garcia, 2020), are not explicitly mentioned in the
problem patterns. However, these aspects are inherently present in all
defined problem sources and, as a result, were not deemed suitable for
classification.

Formulation of Distinct Goals for Business Process Analysis

Initially, the goals pursued through business process optimization were
analyzed. A comprehensive literature search was conducted, encompassing
relevant studies (e.g., Reijers and Mansar, 2005; Dumas et al., 2018; Mansar
et al., 2009; Harmon and Garcia, 2020), and the goals were compiled.
A standardized collection of goals could not be identified in the literature
on business process optimization. For the presented approach, however, it
is necessary to be able to clearly assign a problem to a specific goal, so
that process optimization actions can be taken in a goal-oriented manner.
Therefore, clearly defined goals are required. In numerous iteration steps,
six generic goals (see Table 2) were defined from the large number of goals
identified in the above-mentioned literature analysis. Care was taken to
ensure that these goals are clearly distinguishable from one another. All
goals mentioned in the reviewed literature can be assigned to one of these
six generic goals. Their selectivity also allows them to be clearly mapped to
optimization problems.

Table 2: Distinct goals for business process optimization and their attributes.

Overarching
Goal

Generic Goal Problem Impact Problem
Characteristics

Perspective

Efficiency Improving of
efficacy/fit

Incorrect
allocation

Inappropriate Sender

Efficiency Reduction of
resource usage

Waste
(abundance)

Too much Sender

Effectiveness Increasing the
quantity of
results

Waste
(potential)

Too little Sender

Effectiveness Improving the
quality of results

Inadequacy Inappropriate Receiver

Satisfaction Reduction of
the interaction
effort

Difficulty Too much Receiver

Satisfaction Increasing the
satisfaction of
needs

Dissatisfaction Too little Receiver
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Process efficiency and effectiveness are overarching aspects that are often
targeted by optimization efforts. Based on the definition of usability (ISO,
2020) from the field of software ergonomics, the six goals were assigned to
the overarching goals “efficiency”, “effectiveness”, and “satisfaction” (see
Table 2). Satisfaction is an additional important aspect that has not received
enough attention to date and has therefore often been ignored in business
process optimization. In the approach presented, satisfaction addresses the
aspect of human-centered work design, and it is given the same priority
as efficiency and effectiveness. Satisfaction is assigned the two goals of
“reduction of interaction effort”and “satisfaction of needs”. The satisfaction
of needs corresponds to Maslow’s hierarchy of needs (Maslow, 1943). The
reduction of interaction effort is based on the interaction principles from
ISO (2020), which, in the authors’ view, are also eligible for application
to business processes: suitability for the user’s tasks, self-descriptiveness,
conformity with user expectations, learnability, controllability, use error
robustness, and user engagement.

During the testing phase of the method, certain issues with the assignment
of goals were identified. For example, it became clear that two goals can
be assigned to the problem “Employees have to wait for approval from
superiors”. Approval should be given by supervisors at short notice, so that
on the one hand the quantity of results is increased, but on the other hand
the needs of the employees are also better met. After analyzing the issues, two
findings emerged:

1. For the same problem, it is always possible to assign two goals.

2. The two goals that can be assigned to the same problem will always form
a consistent pair of goals.

The two related goals were therefore defined as fixed “goal pairs” with
the same problem characteristic (see Table 2). The analysis of the goal pairs
revealed that a problem can always be viewed from two perspectives: from
the sender perspective, who contributes to a problem due to an output, and
from the receiver perspective, for whom an input becomes a problem. In the
example, the supervisors (senders) provide too few approvals (output), while
the employees’ (receivers’) need for satisfactory work is not met due to the
excessively long waiting time for approval (input).

Having defined the generic optimization goals, the associated process
problems and their impacts were examined in more detail. A series of
workshops were conducted for the purpose of defining a problem impact for
each goal. Finally, six problem impacts evolved (see Table 2). For example,
the failure to achieve the goal of “increasing the quantity of results” is
attributed to a waste of potential.

The three problem characteristics, which were identified as either excessive
(too much), insufficient (too little), or inappropriate, were assigned to each
goal, as can be seen in Table 2. For example, there can be too little of
“something” to exploit the potential, making it desirable to increase the
quantity of results. Or in other cases, dissatisfaction can be caused by having
too little of “something”, with the goal of increasing the satisfaction of needs.
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Stencil for Problem Definition

Finally, all the aforementioned considerations were summarized in a stencil
to assist users of the method. They can apply the stencil to define a problem
from either the sender or receiver perspective and to match it to a goal (see
Figure 1). The first step in defining a problem is to select a perspective. In
the second step, two selections must be made in either order: the source
of a problem and, depending on the understanding of the problem, either
the problem characteristic, the problem impact, or the affected goal must
be specified. The latter three are directly related, so that only one of these
three elements needs to be selected. If, for example, “too little” is selected
in the sender perspective, the problem impact of the waste of potential and
the impairment of effectiveness are already defined in the same line. After
selecting the two necessary options, two complete sentences are created that
explain the problem. In the example problem “Employees have to wait
for approval from superiors”, the two sentences depending on the selected
perspective are (Figure 1):

Figure 1: Stencil for problem definition (parameter selection for the problem
“Employees have to wait for approval from superiors”).

• Sender perspective: “There is inappropriate personnel deployment, so
that the efficacy is limited.” (impairment of efficiency)

• Receiver perspective: “The result is inadequate because inappropriate
personnel deployment takes place.” (impairment of effectiveness)

The following example illustrates how the method is used by applying
the stencil to specify a problem that was initially imprecisely defined. The
problem can be described as such: “Several stakeholders from different
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organizational units are involved in a process. The results are unsatisfactory,
the process is not proceeding as expected, everyone blames each other.”

Starting from the receiver perspective, the initial hypothesis was that the
result is inadequate (problem impact), and that this may be attributable
to the individuals involved (problem source). Consequently, inappropriate
personnel deployment as a problem pattern was selected (Figure 1). The
affected goal is thus effectiveness: improving the quality of results. However,
this goal was deemed to be unsuitable for addressing the identified issue: the
staff were found to be suitable without exception.

As the initial hypothesis was denied, a secondary assumption was
proposed, namely that activity scheduling was a matching problem source,
given its association with the planning and coordination of activities in
the process. Due to the high level of dissatisfaction in the process, the
problem impact “dissatisfaction is caused” in the stencil was then selected,
which is equivalent to the problem pattern “too little activity scheduling”
(Figure 2). This problem definition was found to be suitable. In addition,
the corresponding selection in the sender perspective showed that “waste of
potential”, which limits effectiveness, is also an appropriate description. This
example illustrates how the method can be applied and demonstrates that the
stencil can be an aid to define a problem, even if the problem definition was
imprecise at the outset.

Figure 2: Stencil for problem definition (parameter selection for the problem “The
process is not proceeding as expected”).

The stencil was implemented in the database of use cases addressing
optimization problems and solutions. The cases were then classified
according to the stencil. Thus, when analyzing a given process, the stencil
can be used as a filter to search for cases with similar problem descriptions.
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A preliminary qualitative evaluation of the stencil was conducted during the
evaluation of the optimization database. Thereby, the stencil’s potential for
defining a problem in order to identify use cases with similar problems in the
database was investigated. The evaluation methods used were observation,
think aloud technique, and structured interview. Six subjects participated,
three of whom were experts in process optimization and three of whom were
novices in this field. The participants were provided with a brief overview
of the approach. Thereafter, the task instructions were provided to them.
The tasks were to identify problems in two excerpts from a business process.
At first, the subjects completed one of the tasks without the stencil, then
completed the other task using the stencil.

The results indicate that the stencil can successfully support users, both
experts and novices, in defining problems. Reported difficulties concerned
understanding some of the terminology, e.g., the distinction between the
sender and receiver perspectives. It was noted that more precise descriptions
and explanations of the individual entries in the stencil, as well as additional
practice, were required to overcome these issues. As the explanation of
the approach at the beginning of the trials was brief, this was an expected
outcome. However, observations showed that users could successfully utilize
the stencil after one attempt, guided by an investigator. The stencil received
positive feedback for being easy to learn, with users being able to apply it
after a brief period of familiarization. Overall, participants stated that the
method made them more aware of the process problems.

CONCLUSION

The research work presented is intended to expand the current state of the
art in the field of process analysis, with the objective of developing a novel
approach. Foundational scientific work was completed through a series of
iterative steps and provided a solid basis for designing a comprehensive
approach to process analysis. Further, a review of the relevant literature on
business process optimization revealed a notable absence of a standardized
definition of optimization goals. The necessity of formulating distinct goals
resulted in the definition of a set of goals based on usability criteria.
The novelty of this approach lies in its introduction of satisfaction as
a goal for process optimization, which includes the human component
in process optimization. The set of distinct optimization goals aims to
encourage researchers and practitioners to consider more than just efficiency
and effectiveness when optimizing business processes. Soft factors such as
motivation, health, satisfaction, etc. play a major role and are closely
linked to efficiency and effectiveness. The overarching goal of satisfaction
should therefore be given equal consideration. The findings of the research
emphasize the importance of adopting a human-centered approach to work
design in the context of business process analysis. Although care must be
taken to generalize the results of the preliminary empirical evaluation of
the method, the results suggest that the method can support both novices
and experts in identifying problems in a process. Nevertheless, the method
developed needs to be further examined in future research by applying it to
real-world tasks.
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