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Abstract

The paper is focused on DMAIC methodology, which is currently widely used in projects to optimize 
routine business processes by implementing 6 Sigma methodologies. The article analyzes the applicability 
of DMAIC methodology to weakly structured non-linear business processes characterized by uncertainty 
of the input, output and variability of process instances, primarily dependent on content and user behavior. 
First, it describes the main steps of the methodology: Defi ne, Measure, Analyze, Improve and Control. 
These steps are used for a routine documentation approval process. Routine process is regulated and has few 
exceptions; its instances rarely diff er from each other. Standard statistical methods can be used to analyze it, 
such as control charts. Second, the paper shows approaches to the defi nition of weakly structured processes 
with the use of the information fi eld and subject-oriented interaction to achieve the goal. Third, tools and 
techniques that extend the DMAIC methodology for weakly structured process are proposed using the 
example of ad-hoc weakly structured operational risk management processes. The main diff erences were 
identifi ed in the Defi ne, Measure and Analyze steps. These recommendations can be used in projects to 
optimize weakly structured processes.
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Introduction

T
he methodology of non-linear weakly structured 

business processes and the principles of their 

functioning are being developed by scientific 

and business communities. This is due to the changes 

in business models of quaternary sector of economy to-

wards an individual approach to the client, intellectu-

alization of the decision-making processes based on the 

expert assessments and the use of large data, increasing 

the flexibility and speed of service. A characteristic fea-

ture of weakly structured processes is the uncertainty of 

the input, output and variability of process instances. A 

high level description of such processes may be stable, 

but the detailed problems of process instances during 

their execution are fuzzy and are difficult to replicate, 

since they are primarily dependent on content and user 

behavior. Thus, it is almost impossible to create a de-

tailed regulation of the process at the modeling and 

process automation step and make a decision about 

all participants in the process and their actions. Typi-

cal examples are the processes to produce and provide 

intellectual services, which are often prevalent in such 

sectors as the vocational education, science and high 

technology, information and communication markets, 

production innovation, intellectual services (consulting, 

analysis, information brokerage, marketing and banking 

services, etc.).

This paper proposes an integrated approach to im-

proving management efficiency based on new methods 

of analysis and monitoring, taking into account the spe-

cific characteristics of weakly structured processes which 

impose restrictions on the use of traditional methods. 

By effective management we mean reaching the goal for 

each business process separately while minimizing costs 

for  achievement under the influence of managerial de-

cisions.

The objective of this study is to optimize the DMAIC 

methodology for weakly structured business processes. 

Consultants often use DMAIC methodology, developed 

under 6 Sigma concepts as part of a project to improve 

the operational efficiency of routine business processes 

(Figure 1). 

Traditionally, 6 Sigma is used to set up regular busi-

ness processes to reduce all types of defects and losses 

in the production of standardized products and serv-

ices. As a part of the traditional definition by routine 

business process we mean a set of interrelated consist-

ent actions having inputs and outputs, covering the dif-

ferent enterprise entities and subordinate to a specific 

purpose, such as the definition of M. Hammer and 

T. Davenport. The effectiveness of a structured process 

is easy to measure taking into account the fact that the 

set of works is always predetermined and structured. 

Thus, evaluating the performance of all the compo-

nents, we can reach a conclusion about the effective-

ness of the entire process. As indicators for monitoring, 

process parameters can be selected which are relevant 

objectives of each function/sub-process with a certain 

periodicity of collection; by using them, the organi-

zation receives a well-balanced system of indicators 

of symptoms of problems. DMAIC involves a gradual 

transition from the general understanding of the most 

effective solutions to the problems with minimal cost 

and in the shortest time.

This paper proposes some new tools that can be used 

at each step of this methodology for weakly structured 

business processes. Next, we will discuss the application 

of DMAIC methodology for regulated business process 

and weakly structured business process. 

1. The first step for routine 

business processes: Define

The requirements of customers and business are de-

fined at this step: the Voice of Customers and the Voice of 

Business, the optimization goal is set, the expert working 

group is determined, the project charter is defined. This 

step aims to define clear boundaries of the optimized 

process and its key participants. It is very important to 

create a functioning working group at this stage. Such 

group will include the direct executors of the process. It 

is necessary to create a detailed process map for uniquely 

detailed understanding of its functioning.

It is important to identify defects in the process of un-

derstanding the consumer (“voice of the customer”). 

Consumers are not obliged to express their wishes for the 

process in a clear format; the task of the working group Fig. 1. DMAIC methodology
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is to convert them into quantitative indicators that are 

crucial for quality and to understand the big picture for 

the right direction for optimization.

Consider a structured description of the business 

process in terms of subject-oriented approach on the 

example of a higher-level process of ”Quality Manage-

ment”. For the structured business process “Quality 

Management,” you can highlight the following prob-

lem (“voice of the customer”): “the annual program 

to improve the quality management system (QMS) is 

developed with delays”. “Voice of the customer” can 

be converted to the “voice of the process” – indica-

tors that correspond to the objectives of each function / 

sub-process with a certain periodicity of collection by 

which the organization will receive a well-balanced 

system of indicators of problems. For the afore-men-

tioned “voice of the process”, the problem can be for-

mulated as follows: “preparation of regulatory docu-

ments should not exceed three working days after the 

request is sent”. The question arises: how to achieve 

the goal of “3 business days”?

2. The second step for routine

business processes: Measure

TQM postulates that a product or service of poor 

quality is the result of unpredictable variability of the 

process or the input parameter at the beginning of the 

process, or during the execution of the process. They 

say that the process is statistically controlled when 

the only source of variation is a natural cause – vari-

ability originating from numerous sources and inher-

ent in the process. Natural changes behave as a system 

of random factors with constant parameters. While all 

process instances differ, they form a certain pattern as 

a group; it can be described as a distribution. The re-

duction of this variation requires management solu-

tions and investment capital (for example, to purchase 

new equipment). If this is a normal distribution, it is 

characterized by two parameters: the mean and stand-

ard deviation. It is impossible to measure the mean and 

standard deviation in practice, since this would require 

the measurement of all possible instances of the proc-

ess. Instead they use a number of measurements taken 

over time by measuring the sample mean and sample 

variance, respectively. Until the distributions of these 

parameters are within predetermined limits, the proc-

ess is statistically controlled and natural variations are 

allowable. If they come out of the specified parameters, 

this is due to non-random changes that are not inher-

ited by the process. Reduction of variation requires a 

special analysis of its causes (Figure 2).

Fig. 2. Natural and special causes of variation

For example, the above process is necessary to consist-

ently measure the time of preparation of regulatory doc-

uments for the construction of control charts to obtain 

information on the number of defects and their dynam-

ics. With the reference sigma level, we conclude the proc-

ess of statistical control, with levels of specifications – 

a process according to customer requirements.

The measurement system at this point is to collect 

data for the Analyze step.

3. The third step for routine

business processes: Analyze

The objective of the quality control system is to sup-

ply the statistical signal of the presence of non-random 

causes. Such a signal can accelerate the adoption of 

measures aimed at eliminating the causes of non-ran-

dom. The particular variation can be caused by: 

 Specific events in the process: the actions of men, 

change settings, etc.

 Factors of process groups: in shifts, operators, etc.

 External factor categories: suppliers, environmental 

conditions, etc.

For example, in the framework of an expert study for 

the process we can find that one of the hypotheses about 

the reason for the delay in submission of documents is 

the lack of necessary data. After the systematization of 

the existing information about this issue, it is possible to 

carry out a production experiment to prove or disprove 

it.

Relying on all the causes of the problems that can be 

allocated, it is possible to build a mathematical model of 

the process Y = f (x). Knowing the model, it is possible 

to predict the result quite reliably and to adjust the set-

tings according to the factors based on the calculations. 

Thus, we can move from reactive to proactive process 

management (Figure 3).
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Fig. 3. Process as a transformation function. 
The result of the process depends on factors (causes)

Thus, the preparation of the documentation depends 
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This often entails a change of technological modes, up-

grading processes or areas, organizational work with the 

team.

In this step, solutions for improving the process using 

the identified factors based on the results of the previ-

ous step are developed and implemented. To do this, it 

is necessary: 

 to select the solution by the preliminary expert eval-

uation of cost and effectiveness; 

 to conduct experiments, to evaluate the effective-

ness of solutions in the pilot launch (PDCA Cycle) of 

solutions to remove the problems; 

 to evaluate the results of the pilot launch; 

 to plan the full deployment of the new process. 

For example, for our process it is necessary to create a 

single distributed data mart with the information about 

regulatory documents. After this upgrade, it is necessary 

to stabilize the process parameters on the first pilot solu-

tion and then when replicating.

5. The fifth step for routine 

business processes: Control

During this step, the developed solutions are extend-

ed and fixed. To do this, it is necessary to design the 

system for controlling and monitoring the solutions 

developed, the plan for monitoring the implementa-

tion of changes and achieving KPI is to be set, proc-

ess documentation is updated. The plan for engaging 

members in the new process is to be set as well, and the 

final step is to transfer the new process to the Process 

Owner. All this is necessary for successful replication of 

the improved process. 

6. Weakly structured 

processes

This work is not always being done consistently and 

with pre-defined structure. According to the modern 

approach, it becomes clear that the process can con-

tain both structured work and ad-hoc works, often 

unique challenges. Such processes can be called non-

linear intelligent, dynamic and contextual in nature. 

The characteristic features of such processes are listed 

below [1]:

 customization to a specific consumer, i.e. intellec-

tual service cannot be a typical (it is unique): provided 

to one client, it cannot be intact or provided to another 

customer, since it requires data recollection, analysis 

and information presentation;

 association of consumption process with the produc-

tion process through constant interaction with consum-

ers and fast response to demand;

 a large number of sub-processes and tasks and inter-

dependencies between tasks.

 each process task depends on other tasks, which leads 

to a large amount of feedback, the availability of infor-

mation on the previous and subsequent process steps;

 the use of explicit and implicit knowledge of experts. 

The behavior of process performers depends on their 

knowledge, which is a constantly changing mix of expe-

rience, values and incoming information;

 depending on the context, knowledge of the subject 

area is used to perform the process, it includes tasks, 

documents, experts, and other indicators. The per-

formed process is not limited to the orchestration of Web 

services and the sequence of tasks, but also involves ob-

taining all relevant information about the process;

 focusing on the executer, collaboration and decision-

making requires the development and selection of inte-

grated solutions among the fastest possible alternatives 
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to achieve some certain goals. Responsibility of employ-

ees increases demands on their skills and competence;

 distributed processes. Process participants are not 

only employees of the company; the successful outcome 

of the process is highly dependent on corporate commu-

nications due to valuable ideas coming from the external 

environment and outflows of ideas from the company 

which have no value for it.

For example, in the process of responding to op-

erational risks it can be shown that in the event of an 

unplanned incident the risk management process will 

be a search for solutions among community employ-

ees, experts in the field. In terms of subject-oriented 

approach, the subject (member of the process) is the 

starting point to describe a situation or event. Subjects 

synchronize their activity through messaging to switch 

between their functional states. As part of the weakly 

structured process execution, subjects generate con-

tent. With a proper assessment of that content, it is 

possible to distinguish the purpose of the process and 

its semantic environment. 

The idea of presenting processes with the help of un-

structured information has been described by several au-

thors. The formation of an automation system model of 

an enterprise as a multilayer taxonomy has been made in 

work [2], where the company is regarded as a “scale sig-

nificant collection of various information entities”, which 

can be classified by created taxonomy. In work [2], struc-

tural units of the enterprise are root taxa, keywords are the 

end ones and define a business process – operations. De-

fining ontology and formal models of business processes 

of a telecommunication enterprise are described in detail 

in the paper [3], where the taxonomy of business proc-

esses was described based on the reference ontology. Then 

the ontology was created based on real business processes 

of the organization after their comparison and analysis. 

Both ontologies have been formed on the basis of a com-

mon glossary of terms (Figure 4).

The subject “Initiator” sends a message “The appli-

cation for the community creation” to subject “Agent” 

(this is not a human, but an element of an IT system). 

The “Agent”, who has staff profiles, sends two messages 

with his recommendations on potential participants and 

their profiles to the “Initiator”. Having examined the rec-

ommendations and profiles of candidates, the “Initiator” 

sends an invitation to potential participants and, after re-

ceiving consent, creates a new community for problem 

solving. The formal establishment and registration of the 

community is operated by the “Agent”. A potential inves-

tor becomes a participant in the innovation process.

Within the scope of the study, the process is deter-

mined as 1) the information field, which is a set of mes-

sages which are exchanged between the participants dur-

ing the process to achieve a certain objective; 2) subjects 

(participants of the project) - implicit expert knowledge 

carriers. The information field is given by the charac-

terizing topics of the text information, which in turn 

are defined by terms. A topic is not just a set of terms 

(keywords); it is not random, but stable characteristics 

of a set of semantically related terms characterizing the 

process. This was confirmed in the works [4–7].

7. DMAIC for weakly structured

business processes

Here are the distinguishing features of weakly struc-

tured processes affecting the instruments of DMAIC 

methodology.

1. On the Define and Measure steps, it is very difficult 

to construct a process map. The weakly structured proc-

ess itself can be defined as a set of concerted efforts of 

the interacting participants – information and knowl-

edge holders. This is obvious if we consider the activities 

of the company as a result of the functioning of the so-

cio-techno-economic system. Thus, the activities under 

process are process-oriented search for the required pro-

cedural decisions in the system of distributed informa-

tion and knowledge. The efficiency of the entire process 

depends on the efficiency of search management.

Fig. 4. A weakly structured process
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2. The choice of indicators for weakly structured 

processes on the Measure step is not a trivial task. Very 

often it’s possible to use only delayed parameters of the 

process result, but in case they are used it is difficult to 

respond quickly to problems emerging during the proc-

ess implementation. The advantage of leading indica-

tors is that they have the prognosticating nature and al-

low the organization to adjust its actions quickly on the 

basis of comparison of the actual indicators values with 

planned values. For weakly structured processes, it is 

recommended to use indicators related with the proc-

ess information field, as elements of a leading indica-

tors subset. 

3. At the Measure step, the measurement is performed; 

it is gathered data on the problem (Y) and possible root 

causes (X
n
): Y = f (x

1
, x

2
, …, x

k
), where Y is the result of a 

process, Х
n
 – inputs and internal factors of the process. 

The purpose for the weakly structured process is clearer 

than the way of achieving it; therefore, the choice of the 

way will be determined in the course of achieving the 

goal based on the information and would not be planned 

in advance, so it cannot be fixed in a low-level regula-

tions or process model. Defining weakly structured  pro-

cesses can be impractical because of the measurement of 

the same parameter for different instances of the same 

business process; different values will be received faster 

due to the following reasons: 

 the business process is characterized by complex 

logical and temporal structure, so a copy of it can be de-

veloped in different ways depending on numerous con-

ditions; 

 objects incoming to the business process for differ-

ent instances can have different values of the same pa-

rameters and that significantly affects the development 

of the whole business process; 

 subject actions of the business process can be 

changed under the influence of external and internal en-

vironments; 

 some activities within the business process related 

to decision-making can have an informal, unregulated 

character.

4. The  control maps method described above can be 

used only for structured processes. Control maps cannot 

be applied if the inputs are not homogeneous, the proc-

ess is not regular, the output parameters are unique, i.e. 

for weakly structured processes there must be developed 

a new approach which enables us:

 to define the nonrandom variation causes of the 

weakly structured process in order to respond to the situ-

ation when process parameters go beyond the scope and 

thus to identify problems before the client meets them. 

 to reduce the variability of the process, to improve 

the product or process input parameters, thus reducing 

the likelihood of unpredictable variations impacting the 

process and leading to problems.

Conclusion

This paper proposes an integrated approach to im-

prove the efficiency of managing semi-structured proc-

esses based on analysis of the applicability of traditional 

business processes management and the definition of 

new methods of measurement and analysis allowing for 

semi-processes. Optimization of DMAIC methodology 

for weakly structured processes:

 under the Define phase, we provide a method for de-

scribing weakly structured process with a data field and a 

subject-oriented approach;

 under the Measure phase, the identification of non-

random deviations (bottlenecks, errors) should be done 

through an analysis of weakly structured information 

about the process for tracking leading indicators;

 under the Analyze phase, to identify root causes of 

problems weakly structured process based on an analysis 

of the information field it is necessary to use the knowl-

edge of experts.

 under Improve and Control phases, to manage semi-

structured processes for suggested use of standard meth-

odology DMAIC methods proven to be effective.

In general, the results of this work suggest the appli-

cability of DMAIC methodology to weakly structured 

process management. 
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Аннотация

В статье рассмотрена методология DMAIC, которая на данный момент повсеместно используется 
в проектах оптимизации регламентированных бизнес-процессов, с точки зрения ее применимости к 
слабоструктурированным нелинейным бизнес-процессам, которые характеризуются неопределенностью 
входных и выходных данных, а также вариативностью экземпляров процесса, зависимостью от контекста 
и поведения участников процесса. Во-первых, на примере регламентированного процесса согласования 
документации описаны основные этапы методологии: Определение (Defi ne), Измерение (Measure), 
Анализ (Analyze), Улучшение (Improve) и Контроль (Control). Экземпляры регламентированных процессов 

1 Статья подготовлена в ходе исследования 116-02-0005 в рамках программы «Научный фонд 

Национального исследовательского университета «Высшая школа экономики» (НИУ ВШЭ)» 

в 2016 г., с использованием средств субсидии на государственную поддержку ведущих 

университетов Российской Федерации в целях повышения их конкурентоспособности среди 

ведущих мировых научно-образовательных центров, выделенной НИУ ВШЭ.
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соответствуют предустановленному регламенту и имеют мало исключений. Для их анализа можно 
использовать стандартные статистические методы, например, контрольные карты. Во-вторых, в статье 
дается определение слабоструктурированного процесса с помощью понятий информационного поля и 
субъектно-ориентированного взаимодействия. В-третьих, на примере слабоструктурированного процесса 
реагирования на операционные риски предложены инструменты и методы, расширяющие методологию 
DMAIC для оптимизации слабоструктурированного процесса. Основные отличия были обнаружены на 
этапах Определение (Defi ne), Измерение (Measure) и Анализ (Analyze). Полученные рекомендации могут 
быть использованы в проектах по оптимизации слабоструктурированных процессов.

Ключевые слова: бизнес-процесс, DMAIC, оптимизация бизнес-процессов, слабоструктурированные бизнес-

процессы. 
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