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Abstract — As small-medium enterprises (SMEs) produce
huge amounts of added value in the market, it is important to
ensure that their business processes are optimized. Business
Process Management (BPM) methodology is popular in large
enterprises, however, there is lack of information on how it can
be adapted by SMEs considering the financial and
informational constraints they face. In this research, a set of
qualitative and quantitative analysis methods for improving the
quality of business process models are presented and applied to
optimize the order management business process of a small
Lithuanian optical retail business company. Further, a business
process management system (BPMS) is presented to digitalize
and support the execution of redesigned process. A brief
discussion of applying process quality analysis methods within
the selected business domain is presented. It is expected that our
research will make BPM initiatives more feasible for businesses
of similar type.
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I. INTRODUCTION

Small-medium enterprises are defined as companies with
staff count of up to 250 employees or turnover lover than 50
million € or balance sheet total less than 43 million € by the
European Commission. Such businesses produce vast
majority of added value in the economics of European Union.
As stated in the annual report on European SMEs 2017/2018,
those kind of businesses accounted for 47% of the increase in
the value added and 52% of the cumulative increase in
employment in non-financial sector since the global financial
crisis [1]. Most of the SMEs are working in the state of very
limited resources, accessibility to information and experience
in process management and automation. But these fields are
of the highest importance when considering that the main goal
of business is related to creating value through activity while
utilizing resources in the most efficient way. Optimization and
documentation of SMESs processes are important as efficient
and effective process delivery is a key to a long-term success,
business competitiveness, growth and viability [2],[3]. One of
the most common ways of improving business processes
running in one or across many enterprises is by implementing
a Business Process Management (BPM) methodology.

BPM is a widely spread methodology, which concentrates
on business processes and aims to improve their quality,
efficiency, compliance, customer integration, employee
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engagement and agility [4], [2]. Arguably, the ultimate goal of
BPM is a digitalized enterprise running on optimal business
processes throughout its whole life cycle. Even though
traditionally most of the successful BPM initiatives are
associated with very large organizations, it has no restrictions
on being implemented within the working environment of
SMEs whatsoever. However, considering the financial and
informational environment in which SMEs are working, the
effectiveness of this methodology might be unpredictable, and
the results might be even detrimental in case of
straightforward BPM application in a small-medium sized
organization. In order to get positive outcome of BPM
initiative in SME, every step in BPM lifecycle should be
analyzed in the context of such business.

The main task of this research is to evaluate different types
of qualitative process evaluation and optimization methods of
small optical retail business order management process. Then
test the redesigned processes by using business process
simulation tool in order to get the best process optimization
result. Such evaluation and example of process optimization
might help to apply BPM methodology in SMEs process
redesign phase easier for other businesses of the same type.

Il. BASIC DEFINITIONS AND RELATED WORK

A. Definition of Business Process Management

Business Process Management does not have one specific
definition. Generally, it is a methodology which aims at
improving organization performance by concentrating on
business processes. BPM combines the business management,
quality control and information technologies traditions. The
origin and composition of BPM can be seen in Fig. 1.
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Fig. 1. Approaches of business process change [5]

BPM initiatives are carried out by following a predefined
set of stages — a BPM lifecycle (Fig. 2). At first — a business
problem is defined and a target process is selected. Then the
current state of the process is documented (usually in a form
of process model). When a process model is present
qualitative and quantitative analysis are carried out so that any
improvement could be measured. Then the process is
redesigned according to the initially stated issues and a new



process model is created. This process model serves a basis
for the next stage — process implementation. The changes are
realized and the process is moved to the new state so that
performance goals could be achieved. Usually management
changes and process automation via development of
information systems are implemented. Once changes are
completed, process execution data is collected, analyzed, new
problems or goals are defined and respective actions are taken.
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Fig. 2. BPM lifecycle [6]

B. Quality of the process

Quality is one of the most important parts through the
whole BPM lifecycle. In this case we are talking not about the
results of the process — quality of deliverables such as products
or services — but about execution properties of the process.
Quality models are defined as easily understandable and
changeable models with little to no design errors. A modeled
process reveals only activities and decisions, but no
information can be retrieved directly about its quality metrics
[12]. For this reason, there are numerous qualitative and
quantitative process analysis methods which help to find
bottlenecks of the process, sources of arising problems,
compare different process models and come up with an
optimized process model. But there is small amount of
information about application of these methods in the scope of
small-medium sized business.

C. Process model optmization methods

Qualitative process analysis mostly helps to identify
redundant or weak parts of the process. In the next section we
will summarize some methods of qualitative process analysis.

Value-Added Analysis — the main goal of such analysis is
to remove non-value adding tasks from the process model.
The process is decomposed to the simplest tasks requiring one
action of one process participant. Then those tasks are
assigned one of three categories:

e Value-adding — task that contributes to the final product
or service,

e Business value-adding — task that is necessary for
business to be running,

e Non-Value adding — all remaining tasks.

By removing the non-value adding tasks we should be
utilizing resources in a more efficient way.

Root Cause Analysis — this type of analysis is mostly
conducted in manufacturing companies to find out the reason
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behind various incidents or defects [13]. Though this method
might be adapted for thorough problem identification and
analysis in business process model with an intention of
optimizing it [14]. First step of such analysis is defining
perspectives in which stated problems will be explored. 6M
model (machine, method, material, man, measurement,
milieu), some perspectives from Six Sigma methodology [15]
or any other model might be applied. Then each stated
problem is analyzed in every perspective while searching for
the root cause. This type of analysis does not require a full
process model, but the results of it might help redesign
ongoing process.

Impact assessment and issue documentation is type of
analysis that typically follows up root cause analysis. As
mentioned before, root cause analysis defines problems and
their cause. But it does not point out their impact to the whole
process, so there is no formal way to prioritize them. One
suggestion is to create issue register, in which each problem
would have an impact assessment (qualitative or quantitative)
such as impact on time, finances or any other metric [6]. If
metrics are defined, we can conduct Pareto analysis. In
practice Pareto analysis makes an assumption that 20% of
problems make 80% of impact [16]. Of course, if there are
only few problems stated in the issue register, this type of
analysis is unnecessary.

All mentioned types of qualitative analysis help process
analytics to identify existing problems and redesign process
models. But these methods do not specify any information on
how process model redesign could be evaluated, or process
models could be compared. In such cases quantitative analysis
must be performed to get the required data.

Quantitative analysis may be conducted in three different
categories: analysis of process model metrics which are
derived from software engineering, theoretical process
execution analysis and process simulation.

Software quality quantitative metrics can be applied in
business process model evaluation because of huge similarity
between processes and software — they both process data, have
a structure and are based on a static model [12], [17].
Calculating such metrics as model coupling, cohesion,
complexity, modularity or size could give good indications
about the quality of a process model. Process model metrics
are valuable for process analysts, but process stakeholders are
usually interested in execution metrics such as execution
price, duration, quality of results and model flexibility. All
these parameters can be calculated by performing Flow
analysis or applying Queuing theory [6]. These methods can
give valuable data, but they are hardly applicable in real world
process models. Flow analysis can be conducted only when
process models are simple, have only exclusive or parallel
gateways and Queuing theory can only give data for one
activity. Also Queuing theory calculations are complicated
even for simple situations. For those reasons the most practical
solution is process model simulation. The process model
simulation can be done by using various tools such as IBM
WebSphere Business Modeler, ITP Commerce Process
Modeler for Visio, ProSim or an open-source solution — BIMP
simulator [20]. Process simulation software instantiates huge
amount of hypothetic process instances and records properties
of each execution. Only process execution data, such as
probabilities of various decisions and duration of activities are
required as input parameters. This type of qualitative analysis
allows process analysts to easily compare different process



models in different execution environments. Although process
analysis is one step in BPM lifecycle and without process
digitalization it creates small part of the BPM added value for
the business.

Application of BPM is popular among large enterprises,
but small-medium sized businesses differ in terms of available
resources, process relation, work ethics and the speed of
decision making [7]. Thus the application of BPM in SMEs
must be investigated.

D. Case studies of BPM application in SMEs

A case study was conducted in three different SMEs in
Belgium by C. Bauwens and T. Van Dorpe. They state that the
maturity level of an SME must be assessed to understand
where the organization is with its BPM development [8].
Hammer’s Process and Enterprise Maturity Model [9] and
McCormack’s Business Process Orientation Maturity Model
[10] are used to access SMEs under research. Authors
conclude that SMEs have rather low maturity level, they are
pointing to weak spots of the small businesses such as lack of
documentation and limited inner efforts to process
improvements. As the recommendations of improvement
goals are provided, no details of how to improve process
models is provided.

Another case study conducted within Australian Small
Business by I. Dallas and M. T. Wynn goes through steps of
BPM initiative and gives implications on what could be
improved in the methodology and observations which could
help other SMEs [2]. Though process evaluation and
optimization get very little attention as the analyzed business
was under establishment. Only some advantages of Business
Process Management Systems (BPMS) such as automatic
work allocation are introduced as main benefits for SMEs. The
implementation of BPMS systems in small businesses is also
widely discussed in the work of Veldhuizen R., Ravesteijn P.
and Versendaal J. They distinguish main differences of SMEs
and large enterprises and suggest an adapted BPMS
implementation model [11].

As we can see from conducted case studies, despite that
BPM is a process improvement methodology, there is almost
no research in the area of a process evaluation and
optimization for SMEs. Considering that it is one of the early
stages of BPM lifecycle and BPMS creation stages, effective
process optimization might save both time and financial
resources of such companies.

I11. PROCESS OPTIMIZATION IN A SMALL OPTICAL RETAIL
BUSINESS

A. Optical retail business order management process

The case organization is an optical retail branch business,
which have optical-shops located across Lithuania and is in
the market since 1997. It fits all small business parameters
defined in section 1. Only process of order management of
prescription glasses production will be optimized in the scope
of this research. Order management is quite complicated in
this type of business. It always must adapt to dynamic market,
new technologies and products introduced in the field and
finally to always changing systems of suppliers. For this
reason, rigid, hard-coded or universal off-the-shelf solutions
are usually not suitable or are too expensive to deploy and
support an ongoing process. The current (as-is) order
management process does not have a supporting information
system.
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In order to manage the complexity of the process, it was
segmented into three sub-sequential sub-processes (Fig. 1.)
based on a three level SCOR model [18] — order initiation,
order production and order completion (Fig. 1). Each of this
subprocess was modeled separately by using BPMN 2.0
modeling language and Camunda Modeler tool [19].

O—D[ Initiate order H Produce order Finalize order
Ul needs Order fulfilled
prescription . . .

glasses

Fig. 3. Top level order management process model

Order initiation subprocess in target business is not
documented or formalized, its specific order of execution is
defined by optics sales assistant at the order initiation time for
each instance separately. Input of this subprocess is client
needs and output — a filled order. Order initiation subprocess
is explicitly presented in Appendix A, which we think is
enough to show the overall complexity of the underlying
business logic of the analyzed business domain. Order
production subprocess consists of order manufacturing
internally or externally. Tasks related to order data sending to
manufacturers, ordering lenses, sending order to production
sites error management and quality control procedures. Order
completion summarizes notifying client, handing finished
order to a client, receiving final payment and generating
invoices if clients ask. In the scope of order management in
optical retail business there were 12 process models created in
total.

As this process is executed the target business is facing
following problems:

e The states of the orders are not tracked.

o Order fulfillment date often passes due date.

o Late order data retrieval and inaccuracies in it.
e There is no responsible person for each order.
o Delays in notifying clients.

e Sometimes not all required documentation is filled by the
sales assistants.

¢ Long duration of changes implementation.

¢ Close to no control in order management by managers and
other business authorities.

B. Process optimization

Creating an order management information system based
on an unoptimized process would be inefficient. Considering
the size of the optical retail company process optimization
must be done at minimum cost. For these reasons qualitative
and quantitative analysis will be performed and there will be
a brief discussion about applicability of each method in SME
under research. As mentioned in [2], the qualitative analysis
in a small business company might be rejected or seen as
redundant. Though without it, it is close to impossible to
conduct process optimization.

1) Value-Added Analysis

As mention in section 2, the main task of this analysis is
elimination of non-value-adding tasks. The presented order
management process was broken down to a task list of 71
basic task. Each of the task was then given an assignee and a



category whether it was value-adding, business value-adding
or non-value-adding task. The analysis was conducted with a
supervision of the company CEO. 11 non-value-adding tasks
were identified — most of them related to manual data entry
tasks, filling of different forms, work related to a not unified
process throughout the company. A plan for each of this task
was made — either it was to be automated or eliminated. There
were 31 business value-adding tasks which were also revised
and if possible planned to automate by introducing business
process management system.

2) Root Cause Analysis

During this analysis only problems stated in presentation
of current order management process were evaluated using
6M perspective model presented in section 2. CEO of the
company was involved in all stages of analysis. From the
obtained results we can see that most of the problems in order
management were arising from the way the process is
executed (method), technical (machine) and human (man)
factors. For readability analysis of each problem was depicted
with cause-effect (Ishikawa) diagrams. Considering each
problem, process model was revised, and a solution was
suggested. After the analysis process was remodeled, a
business process management system and knowledge system
were introduced.

Impact assessment and issue register was not created
because as defined in section 2, in the context of SMEs with
relatively small amount of problems this method is excessive.

C. To-be model, simultaion results.

The main reason behind qualitative analysis was to find
out how effective qualitative analysis is in terms of process
execution properties such as execution price, duration and
resources utilization. Qualitative analysis was conducted by
simulating process models. Process model metrics and
theoretical models were not applied because of lack of
information and technologies that could be used in SME. As-
is and to-be process models were simulated using opensource
process model simulator BIMP [20]. Two-year orders
historical data was used as input parameters for this analysis.
By making the process unified and removing non-value
adding tasks we have made the process 12.9% shorter in
duration. The remodeled process included more tasks
concerning quality control of produced prescription glasses
but overall still was 4% shorter in duration and most
importantly it reduced resource utilization by 15.9%. On the
price point, average execution cost increased by marginal
1.32€, this was probably a result of so called devil’s
quadrangle [21] — by improving process quality and speed, we
have increased its execution price. The optimization results on
process flexibility were not tested. Though considering
relatively small rate of process initiations in optical retail
business flexibility might be more linked to the ability of
changing process model than adapting to increased amounts
of process instances.

D. Process model digitalization and automation by
introducing Business Process Management System

A process quality analysis alone can have little to no
impact on the execution of an as-is process in a company.
Especially, when a process is remodeled with a supporting
information system in mind. In case of analyzed small optical
retail business order management process, a business process
management system is presented which supports to-be process
model. Prototype of this system was developed on an open-
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source Camunda BPMS platform in order to get highest
amount of added-value from BPM initiative and process
optimization. Two order management sub-process were
completely digitalized. The main advantages of such system
identified by the business stakeholders after the presentation
of the solution are as follow:

o Process execution based on an executable process model.
Process model-based execution ensures that all required
documentation is present during order management and
stored after the order is fulfilled.

e Business rules automation. DMN decision tables are
integrated in the executable process model and are
supported by the platform. Special offers, discounts for
product groups are automatically applied during process
execution. Most importantly data defining business rules
be easily changed by an authorized user with no specific
experience in information technologies. Because of this,
the implemented solution is considered flexible.

o Tasks allocation and required data presentation. Business
process management system (Camunda Tasklist
component) allocates tasks and provides only relevant
task data for the sales assistant at proper time. No
excessive data is provided, nor it is required to look up
for any data during order management process.

e Automation of manual tasks. Most of the manual tasks
such as filling order contract, finding order or client data
and sending notifications to clients were automated and
are performed by the BPMS engine.

Other advantages of BPMS system such as automatic task
list creation for each employee by task priorities, process
execution data monitoring or the ability to implement changes
to process model with little effort and minimal costs are
expected to be identified by the business in a long-term testing
of the created system. Advantage of information system being
built on executable process model is considered an advantage
for the developers or administrators of BPMS as it does not
create direct value for the target business.

E. Discussion

After conducting qualitative analysis on an order
management process of a small optical retail business we have
obtained good results for further process reengineering. From
the owners and managers of target business it was expected
that this type of analysis will not be useful in the scope of
small business. Although it pointed out the redundant tasks
and weak spots of the process and it was easier to improve the
process model. For a fluent qualitative analysis there were not
enough information on how to perform it, though a lot of
definitions of different methods can be found. It is very
unlikely that such analysis could be performed in a SME
business without external consultants. Value-Added analysis
showed unnecessary tasks, but its results alone lacked
information on what parts could be improved. We suggest that
this analysis method should always be used with some
problem-oriented method. In such method, like Root-Cause
analysis, smaller number of perspectives than in 6M model is
not advised as it may be difficult to point out which parts of
the process require improvement. Finally, the qualitative
analysis took more effort to complete than expected. This
should be considered and its advantages clarified for the
stakeholders as it can be rejected by businesses as not



necessary part of process optimization or automation in an
early stage of initiative.

Quantitative analysis, as it stands for, gives specific,
comparable results that are understandable for all process
stakeholders. For this reason, it is much easier to conduct such
analysis in the scope of SME than qualitative analysis. As
expected, the qualitative analysis gave strong backup to the
results of previously conducted analysis. Although process
model simulation requires basic process modeling knowledge.
Added the usability of the used simulation tool, it is same as
in the case of qualitative analysis — it is unlikely that this type
of analysis can be conducted inside SME business with no
external help. To achieve this a more stable simulation tool
must be developed and more information on how to use it must
be provided for the user.

IV. CONCLUSIONS AND FURTHER RESEARCH

As we can see from an overview of a business process
optimization methods and specific optimization case in a
small optical retail shop, these methods can be applied in order
to optimize small optical retail business order management
process. Although for these methods to be applicable widely
in small businesses there must be broader amount of
information available on this topic. For example, a shared
knowledge base with examples for process optimization
should be accessible. Further aim of this initiative is to
perform a long term BPMS system usability research in a
small optical retail business. Employees attitude and
effectiveness of BPMS must be investigated in such
environment despite initial advantages recognized by the
stakeholders of the process like process model based
execution, business rules automation, tasks allocation and
automation.

Further research on the topic of process optimization could
be pointed to improving process simulation and modeling
tools by making calculations of process model metrics such as
cohesion in real time thus making the evaluation of those
models faster and easier.
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The following diagram presents the first sub-process of Order management business process, which is Order initiation.

APPENDIX A. ORDER INITIATION SUB-PROCESS
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