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Abstract

Purpose – The authors propose the concept of “Autonomic Cycle for innovation processes,” which defines a
set of tasks of data analysis, whose objective is to improve the innovation process in micro-, small andmedium-
sized enterprises (MSMEs).
Design/methodology/approach – The authors design autonomic cycles where each data analysis task
interacts with each other and has different roles: some of them must observe the innovation process, others
must analyze and interpret what happens in it, and finally, others make decisions in order to improve the
innovation process.
Findings – In this article, the authors identify three innovation sub-processes which can be applied to
autonomic cycles, which allow interoperating the actors of innovation processes (data, people, things and
services). These autonomic cycles define an innovation problem, specify innovation requirements, and finally,
evaluate the results of the innovation process, respectively. Finally, the authors instance/apply the autonomic
cycle of data analysis tasks to determine the innovation problem in the textile industry.
Research limitations/implications – It is necessary to implement all autonomous cycles of data analysis
tasks (ACODATs) in a real scenario to verify their functionalities. Also, it is important to determine the most
important knowledge models required in the ACODAT for the definition of the innovation problem. Once
determined this, it is necessary to define the relevant everything mining techniques required for their
implementations, such as service and process mining tasks.
Practical implications – ACODAT for the definition of the innovation problem is essential in a process
innovation because it allows the organization to identify opportunities for improvement.
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Originality/value – The main contributions of this work are: For an innovation process is specified its
ACODATs in order to manage it. Amultidimensional data model for the management of an innovation process
is defined, which stores the required information of the organization and of the context. The ACODAT for the
definition of the innovation problem is detailed and instanced in the textile industry. The Artificial Intelligence
(AI) techniques required for the ACODAT for the innovation problem definition are specified, in order to obtain
the knowledge models (prediction and diagnosis) for the management of the innovation process for MSMEs of
the textile industry.

Keywords Innovation process, Autonomic computing, Artificial intelligence, Data analytics

Paper type Case study

1. Introduction
Micro-, small- and medium-sized enterprises (MSMEs) have limited resources, and thus, they
must search for efficient ways to domorewith less [1, 2], especially in the quarantine economy
[3, 4] in light of coronavirus disease 2019 (COVID-19) [5, 6]. Particularly, MSMEs need to
innovate and improve their offer of goods, products and services, to respond to the changing
needs of the market. Innovation has become the means that allows an MSME to transform
and continue to grow to stay in the market, taking advantage of each of the resources
available in the organization, human, technological and financial. Several studies have
concluded that investment in innovation and technology has an impact on the development of
organizations to be more competitive, which leads many times to the introduction of new
products and processes [7, 8]. In turn, the return on investment will be reflected in
productivity indicators, in good operation and profitability of the organization.

On the other hand, information is becoming more relevant every day for companies to
make decisions. Organizations not only need to collect data but also find the right way to
analyze it to devise daily actions based on statistics and trends. However, companies
currently lack the capacity to use big data and data analytics [9]. Therefore, companies must
start using all available data sources, and be able to make the most of data to support
decision-making in their organizations. Especially, it is necessary to understand and analyze
the different sources of information that will improve the innovation processes with the use of
data analytics tasks, to respond to the different phases of them.

Given the importance of the innovation inMSMEs, and the current opportunities that exist
to exploit data from the organizations and their contexts can be defined strategies based on
data to build data-driven models to guide the innovation processes. One of these strategies is
the utilization of the concept of “autonomous cycles of data analysis tasks” (ACODATs)
defined in previous works [10–12], which allow generating knowledge models useful for the
management of the innovation processes using different data sources. An ACODAT is
composed by a set of data analysis tasks to reach a goal for a given problem, where each task
has a given role [13–15]: observe the studied system, analyze it andmake decisions to improve
it. In this way, there are interactions and synergies between the data analysis tasks, to
generate the required knowledge with the goal of improving the process under study.

In this paper, we propose several ACODATs for the management of the innovation
processes in an MSME. Likewise, in the paper is proposed the specification in detail of the
autonomic cycle for the innovation problem definition sub-process, and its application in the
textile industry. For the development of the ACODATs, theMetodologIa para el Desarrollo de
Aplicaciones de Miner�ıa de Datos basados en el aN�alisis Organizacional (MIDANO) [16–18]
methodology was used, which allows the development of data analytics applications, and
especially, the development of ACODATs. The main contributions of this work are:

(1) The specification of ACODATs for the management of innovation processes.

(2) The definition of a multidimensional data model, which stores the required
information of the organization and the context for the ACODATs.
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(3) The detailed description of the ACODAT for the definition of the innovation problem,
which is instanced in the textile industry.

(4) The characterization of the AI techniques required for the ACODAT for the
innovation problem definition, in order to obtain the knowledge models (prediction
and diagnosis) for the management of the innovation processes for MSMEs of the
textile industry.

This work is organized as follows. Section 2 presents the related works. In Section 3, the
theoretical framework is presented, specifically, ACODAT, MIDANO and the innovation
model used in thiswork. Section 4 introduces the autonomic cycles proposed, the description of
their tasks and their multidimensional datamodel, using theMIDANOmethodology. Section 6
details the case study of the textile industry, and the application of the autonomic cycle for the
definition of innovation problems. Finally, the conclusions and future works are presented.

2. Related works
In this section, we present the main recent papers related to our approach, which are the
definition of schemes for the automation of innovation processes or the utilization of
autonomic cycles in the automation of industrial processes (Industry 4.0).

Ossi et al. [19] presented a conceptual framework based on big data and businessmodels to
exploit the innovation capabilities. The framework adopted the business canvas model. This
framework helps in concentrating on different viewpoints, for example, can create and
develop strategies of price based on analytics data. The framework offers ways to organize
perspectives for organizational transformation. On the other hand, machine learning (ML)
models offer the computational power and functional flexibility required to decipher complex
patterns in a high-dimensional data environment [20]. Particularly, in [20] three groups of
financial data analysis are identified: (1) portfolio management; (2) financial fraud and
distress; and (3) sentiment inference, forecasting and planning.

Kritsadee et al. [21] tested a model of factors affecting the innovativeness of small and
medium enterprises (SMEs) using the structural equation model (SEM). Data about
innovativeness were collected using questionnaires, which were mailed to 283 entrepreneurs.
The proposed model determined that learning orientation and proactiveness had direct effects
on innovativeness. The analysis addressed the innovation in products, processes, organizational
and marketing, and their contribution to the organization’s results (e.g. market share,
environmental sustainability, profit, etc.). The paper [22] investigated the parameters in the
innovation process design that influence the innovation outcomes in the context of smart
manufacturing (Industry 4.0), and thuswhat should be accounted for in the design of innovation
processes for smart manufacturing. The research is based on empirical evidence from 18
manufacturing companies and suppliers of manufacturing technology. Finally, the authors of
[23] present a systematic literature review about how smart systems have been used to improve
the innovation capacities in MSMEs. The results show that there is not an established body of
knowledge about how to improve the innovation process based on smart systems.

Sanchez et al. [15] defined three autonomic cycles that allow interoperating the actors of
manufacturing processes (data, people, things and services). Particularly, they defined a
framework for the integration of autonomous processes based on cooperation, collaboration
and coordination mechanisms. The framework is composed of three ACODATs that allow
the self-configuration, self-optimization and self-healing of the manufacturing process. They
implement one of these ACODATs, for the self-supervision of the coordination process
mixing it with the theory of multi-agent systems [24]. This ACODAT is implemented and
tested using an experimental tool that replays a production process event log, to detect
failures and invoke the ACODAT for self-healing when needed. Qin et al. [25] proposed a
multi-layered framework of manufacturing for Industry 4.0. One of the levels, the intelligence
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layer, applies different data analytic tasks to discover useful information from data to
improve the manufacturing process. Thus, the intelligence layer creates a knowledge base
that serves as a support for the planning and decision-making processes.

Besides, the paper [26] reveals that knowledge management for sustainability research
has relied on nine foundational clusters (i.e. informed sustainability practice, social network,
firm performance, knowledge sharing culture, green innovation, sustainability assessment
framework, global warming, knowledge management and innovative performance) to
generate new knowledge. Also, they determine that the method of creating, communicating,
disseminating and exploiting shared knowledge is instrumental for firms adopting business
practices to enhance firm performance.

The previous studies do not define frameworks and systems for the management of the
innovation processes for MSMEs based on the ACODAT concept, neither do they clarify the
application of data analytic to improve the innovation capabilities in an organization.
These are the main differences in our approach with respect to previous works. On the other
hand, the ideas proposed in this work could be used in other areas of an organization,
including environmental social governance (ESG) and total quality management (TQM) [27].

3. Conceptual framework
3.1 ACODAT
This research follows the ACODAT concept, which is based on the idea proposed by IBM in
2001 [28]. The ACODAT concept was proposed in [10–12, 29] and has been used
in telecommunication [30], education, especially in smart classrooms [11, 12], Industry 4.0 [13–
15] and smart cities [31], among other domains. It is based on the autonomic computing
paradigm [32], with the purpose of endowing autonomic properties to systems based on a
smart control loop.

The main objective of an ACODAT is to extract useful knowledge from data to make
decisions [11, 12]. The set of data analysis tasks must be performed together, in order to
achieve the objective in the process supervised. The tasks interact with each other and have
different roles in the cycle, which are: observing the process, analyzing and interpreting what
happens in it and making decisions to reach the objective for which the cycle was designed.
This integration of tasks in a closed loop allows solving complex problems. The detailed
description of the roles of each task is [11, 12]:

Monitoring: Tasks to observe the supervised system. They must capture data and
information about the behavior of the system. Besides, they are responsible for the preparation
of the data for the next step (preprocessing, selection of the relevant features, etc.).

Analysis:Tasks to interpret, understand and diagnosewhat is happening in themonitored
system. These tasks allow building knowledgemodels about the dynamics observed, in order
to know what is happening in the system.

Decision-making: Tasks to define and implement the necessary actions based on the
previous analyses, in order to improve the supervised system. These tasks impact the
dynamics of the system, and their effects are again evaluated in the monitoring and analysis
steps, restarting a new iteration of the cycle.

In general, an ACODAT requires:

(1) A multidimensional data model that represents the data collected from the different
sources, in order to characterize the behavior of the context, which will be used by the
different data analysis tasks.

(2) A unique platform to integrate the different technological tools required by the data
analysis tasks to carry out data mining, semantic mining and linked data, among
others.
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This concept has been successfully proven in different fields, but ACODAT has not been
applied in innovation processes.

3.2 MIDANO
MIDANO is a methodology for the development of data analytics-based applications [16, 18],
which is made up of three phases:

Phase 1 – Identification of data sources for the extraction of knowledge of an organization:
This phase carries out a knowledge engineering process-oriented to organizations/
companies. The main objective of this phase is to know the organization, its processes and
its experts, among other aspects, to define the objective of the application of data analysis in
the organization. Also, it defines the autonomic cycles and their data analysis tasks.

Phase 2 – Preparation of data: To apply data analysis to a specific problem, it is necessary to
have data associated with the problem. This involves performing different operations with the
data,with thepurpose of preparing them.This process is based on the paradigmETL: extraction
of data from the sources, data transformation and loading of the data in a data warehouse.
During this phase are described all the variables of interest and carried out the data processing
process (for example: dependency analysis among variables, normalizations, etc.). Also, this
phase designs themultidimensional datamodel of the autonomic cycles,which is the structure of
the data warehouse. Finally, it carries out a feature engineering process that consists on
transform raw data into features. A feature engineering process includes the tasks of extraction,
generation, fusion and selection of variables for the construction of the knowledge models.

Phase 3 – Development of the autonomous cycle: In this phase, the data analysis tasks are
implemented, which are going to generate the required knowledgemodels (e.g. predictive and
descriptive models). This stage culminates with the implementation of a prototype of the
autonomic cycle. This phase can use existing dataminingmethodologies for the development
of the data analysis tasks. In addition, during this phase, experiments are carried out to
validate the knowledge models generated.

3.3 Proposed model of innovation processes
The innovation process is a structured strategy that ensures that the innovation team
idealizes an innovation and executes it until its successful implementation. In this section, we
explain the innovation processmodel defined in [23]. According to [23], an innovation process
has four sub-processes: problem analysis, ideation, experimentation and commercialization.
Each phase (sub-process) is described below.

(1) Problem analysis: The problem must be identified and defined.

� Definition of the problem: This step must indicate and define the problem.

� Specification of needs: It defines a list of requirements necessary to solve it.

(2) Ideation: It defines the concepts to develop.

� Generation of many ideas: In this step are generated ideas. The amount here
matters. The more, the better. It can use the technique of brainstorming

� Ideas evaluation: It is the process of comparing and contrasting ideas related to
the new product, to select the most promising.

� Selection of the best idea: The idea that best solves the problem is selected.

(3) Experimentation: In this step is generated a version, although not be exact to the
initially proposed product.
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� Prototype: It is the development of an initial product, which allows deciding if it is
feasible.

� Test: The main objective is to validate the creative process.

� Escalation: It transforms a concept (prototype) in a commercial product.

(4) Commercialization: It is the process of launching new products or services to the
market.

� Launching: It is oriented to publicize the innovative product and its results.

� Resultsmeasurement: It defines themetric tomeasure the results of themarketing
process.

� Learning cycle: The market will give feedback to know if the idea must be
changed, optimized or persevere with it.

� Internal diffusion: It is the communication between the workers. The objective is
the utilization of innovation as a positive reinforcement to motivate the
organization.

4. Application of MIDANO for the definition of autonomic cycles for an
innovation process
In this section is analyzed an innovation process using theMIDANOmethodology, in order to
define the sub-processes where the autonomic cycles must be defined.

4.1 Sub-processes of an innovation process
An innovation process has different sub-processes, which must be prioritized according to if
data analysis tasks can be used. There are 12 sub-processes defined in an innovation process,
which are listed in Table 1.

4.2 Prioritization
The criteria to be considered to evaluate the relevance of the sub-processes were defined
according to their importance for an innovation process (especially, for a textile organization)
and the possibility to carry out data analysis tasks. Thus, these values determine the level of

Processes Sub-processes Abbreviation

Problem analysis Definition of the problem DDP
Specification of needs EDN

Ideation Generation of ideas GDI
Ideas evaluation EDI
Selection of the best SDM

Experimentation Prototyped PRO
Pilot test PPI
Escalation ESC

Commercialization Launch LAN
Results measurement MDR
Learning cycle CDA
Internal dissemination DIN

Table 1.
Sub-processes of the
innovation process
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importance of the sub-processes. For example, a process that is not important has a weight of
1 and a process very important has a weight of 5.

The case study is in the textile sector because it is one of the industrial sectors where
MSMEs require more continuous innovation processes, to enable them to be competitive over
time [23]. Likewise, it is the industrial sector of interest for the context where the project is
developed, for which data are available to carry out data analysis tasks to improve it.

For the construction of the prioritization table, 10 experts from the fashion innovation
sector and research professors were consulted, who participated by qualifying each of the
criteria. In the final result, each of the answers provided by the experts was averaged. Results
are shown in Table 2.

From the previous table, the sub-processes “Problem Definition”, “Specification of Needs”
and “Measurement of Results”were prioritized. The sub-process "Definition of the Innovation
Problem" was the one that had the highest evaluation among the sub-processes because, in
most of the criteria evaluated by each of the experts, its rating was equal to or greater than 4.
It has a very good rating in each group of criteria: about the possibility to apply data analysis
tasks in the process, how it impacts the innovation process and its interest in the textile
industry. Particularly, in some criteria about its importance in the innovation process, it has
the highest score (its impact in the innovation process and in the generation of new products
and services, with a rating of 5).

4.3 Analysis of the strategic objectives to be achieved with these sub-processes using
autonomic cycles
For the prioritized sub-processes in Table 2, it is required to characterize the current situation
in each one. Table 8 in section “Supplementary Material” contains the actors involved in the
sub-process, the data sources and activities that are used and the obtained results (goal to be
reached). These results now must be reached using data analytic tasks.

5. Definition of the autonomic cycles
This section presents the ACODATs of the prioritized sub-processes, in order to enable
autonomic coordination in the innovation processes (ACIP-000, see Figure 1), but particularly,
it describes the design of the sub-process of the definition of the innovation problem.

The goal of ACIP-000 is the self-management of the innovation processes. In order to reach
this goal, we propose three ACODATs:

ACIP-001 (Innovation Problem Definition): This cycle is responsible for obtaining useful
information for the definition of the innovation problem. The goal of this autonomic cycle is
the definition of the innovation problem based on the information of the organization and
context.

ACIP-002 (Specification of Needs): This cycle is responsible for obtaining the requirements
to be covered by the innovation process. The goal of this autonomic cycle is the identification
and characterization of the requirements of the innovation problem.

ACIP-003 (Result Measurement): This cycle is responsible for assessing the quality of the
results obtained during the innovation process. The goal of this autonomic cycle is the
definition of the strategies and metrics to evaluate the results of the innovation process, and
the evaluation of the results to determine the quality of the innovation process.

We have proposed three ACODATs according to the sub-processes prioritized in section
4.2 (ACIP-001, ACIP-002, ACIP-003). This prioritization was made according to the relevance
of the sub-processes for the innovation processes of an organization and the possibility of
automating them using data.

However, it is important to mention that there are other sub-processes in the model of
innovation processes defined in section 3.3. They could be specified in the future using
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Table 2.
The prioritized sub-
processes
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ACODATs to automate them as well. Thus, ACIP-xxx refers to ACODATs for the other
innovation sub-processes, such as generation of many ideas, ideas evaluation, selection of the
best idea, among others.

Finally, the alerts module is an information system on the execution status of an
innovation process (started, executed, finished), and additionally, it would inform about
which of the sub-processes would be running.

In this article, we detail the ACIP-001, which was the one that obtained the highest
evaluation in the prioritized processes.

5.1 Specification of the autonomic cycles for the “definition of the problem”
The Autonomous Cycle for the Innovation Problem Definition (ACIP-001 – Problem
Definition) has as its main objective the characterization of the innovation problem, i.e. the
statement of the problem. In general, this autonomic cycle is defined by a set of data
analysis tasks, which use everything mining techniques to get useful information to create
the statement of the innovation problem. We use the 5Ws model to define this cycle
because it allows defining what the problem is and not the solution (see Figure 2). The
5Wsmodel was established by the Greek rhetorician Hermagoras of Tendon, fromwhere it
has evolved [33]. In the 5W model, each question must obtain an answer based on
specific data.

Table 3 shows the general description of each task of this autonomic cycle.
Now, we describe each task.

Figure 1.
ACIP-000: Prioritized

autonomic cycles of an
innovation process
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ACIP-001

Result

Problem Definition Task

1 Task: What.

2.Task: Who.

5 Task: Why.

3 Task: When.

4 Task: Where.

6 Task: Declaration.

Identify the Problem

Identify those affected
by the problem

Identify When
the problem occurs

Identify the impact
of the problem

Identify Where
the problem occurs

Definition of the Problem

Task name Knowledge models Data sources

1. What: Identify the
problem

Descriptive model Market studies (customer opinions, satisfaction
surveys, etc.), internal databases (CRM1, PQRS2)

Detection model Social networks (Instagram, Facebook, etc.)
2. Who: Identify those
affected by the problem

Descriptive model Market studies (customer opinions, satisfaction
surveys, etc.), internal databases (CRM1, PQRS2)
Social networks (Instagram, Facebook, etc.)

3. When: Identify when the
problem occurs

Detection model Market studies (customer opinions, satisfaction
surveys, etc.), internal databases (CRM1, PQRS2)

Predictive model Social networks (Instagram, Facebook, etc.)
4. Where: Identify where the
problem occurs

Diagnostic model Market studies (customer opinions, satisfaction
surveys, etc.), internal databases (CRM1, PQRS2)

Predictive model Social networks (Instagram, Facebook, etc.)
5. Why: Identify the impact
of the problem

Diagnostic model Market studies (customer opinions, satisfaction
surveys, etc.), internal databases (CRM1, PQRS2)

Predictive model Social networks (Instagram, Facebook, etc.)
6. Declaration: Definition of
the problem

Natural Language
Processing (NLP)

Note(s): 1CRM: Customer Relationship Management
2PQRS System (Requests, Complaints, Claims and Suggestions)

Figure 2.
Structure of the
ACIP-001

Table 3.
Description of the tasks
of ACIP-001
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(1) Task 1. What: Identify the problem: The first step identifies the problem through the
data obtained. Some examples of data sources can be quality problems, customer
complaints or derived from competitive surveillance activities. Its objective is to
determine the occurrence of an innovation problem (i.e. it is necessary to create an
original solution). This task uses detection and descriptive models to identify the
problem.

(2) Task 2. Who: Identify those affected by the problem: This task identifies who are
affected by the problem (e.g. specific groups, organizations, customers). This task
uses descriptive models.

(3) Task 3. When: Identify when the problem occurs: This task identifies when the
problem occurs or will occur, for which it can use detection or prediction models.

(4) Task 4. Where: Identify where the problem occurs: This task identifies where the
problem is occurring, for which it uses diagnosis models.

(5) Task 5.Why: Identify the impact of the problem:This task identifies the importance of
the problem, for this, it seeks to answer questions such as: What impact does it have
on the business? What impact does it have on all stakeholders (i.e. employees,
suppliers and customers)?

(6) Task 6. Declaration: Definition of the problem: This task aims to define the problem
statement. For this, it uses NLP techniques to define the narrative.

Finally, the results module is a dashboard to report the execution status of this ACODAT, in
particular, the results of its tasks. For example, when task 1 finishes, then it shows the
information of the negative twitters; or when task 6 finishes, then it reports the problems that
have been defined.

5.2 Multidimensional data model
The multidimensional data model for the previous ACODATs is defined in this section.

The model in Figure 3 includes different data sources, from market studies (e.g. customer
opinions, satisfaction surveys), organizational databases (e.g. CRM, PQRS), until social
networks (e.g. Instagram, Facebook). Data from each source are included in a different
dimension in the data model, according to its characteristics. The main dimensions are the
following:

Customers: It stores customer data such as age, gender, marital status, occupation,
income, level of education, nationality, direction, country, department, municipality,
neighborhood and stratum.

Market study: Stores general market study information, such as the objective, hypothesis,
kind of investigation, type of analysis and conclusions. Also, it is linked to other
dimensions like:

(1) Product satisfaction: It stores the satisfaction rating data of a product resulting from
surveys that answer questions such as, what do you like the most, changes to
improve, characteristics of other products that youwould like in this product, product
comfort, user experience, etc.

(2) Product price: It stores product price sensitivity data such as if you know the product,
would you pay more or less to get it? Product units that you would buy taking into
account the reduction or increase in price? Money willing to pay, a reasonable price,
brand trust, factors that influence the purchase decision andwhat you like best about
the product?
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(3) Advertising perception: It stores data on the perception of advertising, such as
product knowledge, recall of the ad, evaluation of the power of advertising, feeling
you have when you see an advertisement, the impression that the advertising gives,

Figure 3.
Multidimensional
data model
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how would you evaluate the advertising in comparison with other publications of the
competition? and what would be the main message of the advertisement?

Trends: it describes information about current fashion.

(4) Consumer fashion: It stores data on fashion and its consumers, resulting from
surveys that answer questions such as frequency of buying new clothes, reasons for
shopping, clothing type, favorite brand, favorite color, favorite pattern, trend
tracking, gender and age.

Social networks: It describes information about the social networks (Twitter, Instagram, etc.).
For example,

(5) Instagram: It stores data of this social network, such as connections (contacts), likes,
etc.

The multidimensional data model depicted in Figure 3 includes all the data required by the
ACODATs. It describes all the variables of interest, which will be used as data sources to
build the knowledge models (descriptive, predictive, among others) defined in each of the
tasks of the ACODATs. This will allow having the necessary information to apply the
different data analysis techniques to reach the goal of each ACODAT.

6. Case study
This section presents the experimental context for the instantiation of ACIP-001 (Innovation
Problem Definition).

6.1 Experimental context
In this case study, we used data from the “Ramara Jeans” store, in Cucuta, Norte de Santander
- Colombia. The store is dedicated to themanufacture, sale andmarketing of all kinds of jeans,
pants, shorts and skirts. Its objective is to provide the best service and quality in the products
it offers, becoming a leader in the production of comfortable, versatile garments with
competitive prices in the market.

The store currently has social networks on Facebook like Ramara C�ucuta, and Instagram
like Ramara Jeans and on WhatsApp a line 313-8092414. It also has a team dedicated to
virtual sales of products nationwide to attend to all requests, doubts and questions from its
customers. The dataset used in this instantiation is from Instagram.

6.2 Instantiation of the ACIP–001: definition of the problem
At the beginning of the innovation process, it is necessary to define the problem. In this
section, we describe how the ACIP–001 is instantiated in this case study.

(1) First task: This task can use descriptive and detection models to group and detect
potential customer problems according to the client behaviors on the web, customer
complaints on social networks, etc. Table 4 shows an example of a log file in an

Store id Customer id Age What problem

Store-1 000110 35 Long waiting or delivery times
Store-1 000111 35 They would not recommend the brand
Store-1 000112 29 Product return
Store-1 000113 41 Low product quality
Store-1 000114 26 Abandonment of the purchase

Table 4.
“What”: Information

generated by the
first task
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organization, which can be built from a social network (using NLP techniques) or a
PQRS database. The last column describes the results of the reported information by
the clients.

Also, we can carry out a sentimental analysis to determine the negative sentiments in the
social network (maybe due to a problem). For example, we can analyze the client’s tweets (see
Table 5). If a tweet is negative, it could be a complaint or the presence of a problem. For this
task, the priority is to analyze the negative tweets (sentiment 5 0) to identify the problem.

For this task, it is necessary to execute an NLP process to detect the problem in the
negative tweets, which is composed of the next tasks: tokenize, remove stop words, clean
special characters and stemming/lemmatization.

(2) Second task: It uses the information collected in the previous step to identify the
person who is affected by the problem. In this case, this person could be an online
customer face-to-face client consumer, etc. We can use a descriptive model that
groups the clients according to the problem, in order to determine the type of clients
affected by this problem.

For example, in Figure 4 are shown three different clusters (groups of customers) for three
different problems. In this case, one of them are well-differentiated (cluster 1, which has only
loyal customers). Cluster 2 (green impulsive customers) has some overlap with cluster 3
(customers by necessity).

(3) Third task:This task identifies when occurs the problem, which may occur before the
purchase, due to some damage to the garment, or after the purchase. Examples are
that the garment is very small or large, that the texture is very bad, etc. In Table 6, the
column “when” represents the results of a predictive model about when the problem
occurs: (0) before the purchase and (1) after the purchase. Also, we can use a detection
model in order to detect in real-time a problem.

(4) Fourth task: This task identifies where the problem occurs. In this case, it is very
important to identify the context of the problem, for which can be used a diagnosis
model. In Table 6, the column “where” shows the results of a predictive model to
determine where the problem occurs: (0) according to the customer’s perspective or (1)
into the organization. Also, it is possible to use a diagnosis model for the same
problem.

(5) Fifth task: This task identifies the importance of solving the problem. For that, it can
diagnose or predict the impact of the problem. In Table 6, the column “impact” shows
the results of a predictive model about the impact of the problem. The value (0) is low
impact, (1) is medium impact and (3) is high impact.

Id Tweets Sentiment Sentiment_ description

1613 @cruuzzy All the products are so beautiful . . . 1 Positive
5048 @radicalj Marvellous - not. How very thwartin. . . 0 Negative
9955 @annajudithk Delivery times are too long:( 0 Negative
1318 The cloth is always nice:-) 1 Positive
6739 @Bett_Homes there are not many products in the store. . . 0 Negative
4179 I love the blue and black ones:) 1 Positive
4084 @MarkBreech Not sure it would be a good thing 4 . . . 1 positive
1798 I loved them, I want another two 1 positive
3892 thank you for your response to my question 1 positive
3027 Hey @Indie_Shell Thanks For Following:) \n\n#. . . 1 positive

Table 5.
Identify negative
tweets
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(6) Sixth task: It defines the problem taking into account the results of each of the
previous tasks. In this task can be used NLP to define the statement of the problem in
order to combine the what, who, when, where and why results. Additionally, we can
add more information on the context using data from the reviews, tweets, etc. For
example, we can use the information of the negative tweets (e.g. the keywords of their
texts, determined by metrics such as TF-IDF) [34]. Some examples of statements of a
problem, in this case study, are:

� “Long waiting or delivery times” is a “problem with high impact” “after the
purchase”

� “Abandonment of the purchase” is a “problem with high impact” “before the
purchase”

� “Long waiting or delivery times” because “Delivery times are too long”

� “Theywould not recommend the brand” is a “problem according to the customer’s
perspective”

7. Results discussion
The main result of this work is the definition of different ACODATs for the management of
the innovation processes in an organization and the detailed description of the autonomous

Store id Problem id Description When Where Impact

Store-1 000001 Long waiting or delivery times 1 1 3
Store-1 000002 They would not recommend the brand 0 0 1
Store-1 000003 Product return 1 0 1
Store-1 000004 Low product quality 1 1 1
Store-1 000005 Abandonment of the purchase 0 0 3
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cycle for the sub-process of innovation problem definition. For this, the data analysis tasks of
the cycles were defined and the data sources were identified. Each task builds an appropriate
knowledge model using the respective data sources to accomplish its specific objective. For
example, in the case study, the first task carried out a sentiment analysis on tweets to identify
the problem, and the second task carried out a clustering model to identify the types of users
for each problem.

In particular, this autonomous cycle defines the fundamental input for the model of
innovation processes proposed in section 3.3: the possible problems that are sources of
innovation. Some of these identified problems will later be converted into an innovative
product following our model. For example, in the case study, “Long waiting or delivery
times” identifies a problem in the final delivery of the product that should lead to
innovation in the purchase delivery processes. Another example is “Abandonment of the
purchase”, which identifies the disinterest shown by customers when they are about to buy
a product. This may imply requiring innovation in product presentation/marketing
strategies.

Another important result to highlight is the prioritization of sub-processes. To do this, the
potentially automatable sub-processes of the innovation model proposed in section 3.3 were
first analyzed using the organization and environment data. Subsequently, using the opinion
of the experts, it was determined which of them is more relevant (priority) to automate in an
initial process of automation of the management of the innovation processes in an
organization. For this, the MIDANO methodology was used (see sections 3.2 and 4), which
also, allowed defining the ACODATs and designing the autonomous cycle for the first
prioritized sub-process (see section 5).

Another result is the definition of the data multidimensional model to be used by the
ACODATs. It identifies the set of variables that must be used by the tasks of the ACODATs.
With them, the data analysis tasks can build the different knowledge models (predictive,
descriptive, etc.) which later are used to reach the goal of each autonomous cycle.

Finally, in the case study is instanced the first autonomous cycle, whose main objective is
the identification of problems that potentially will be sources of innovation processes in the
organization. In particular, it defines a sentiment analysis task to identify twitters that
potentially describe a problem. It then groups those tweets by customer types. It then uses
predictive models to determine when and where these problems occur, and their impacts.
Finally, it performs a PLN process to formulate the sentences of these problems and potential
sources of innovation processes.

It is the first step in demonstrating that it is possible to apply artificial intelligence
techniques to improve innovation processes. It is a challenge to implement the rest of the
ACODATs, but the preliminary results encourage the continuation of the application of these
techniques in the innovation processes in the organizations.

8. Comparison with previous works
In this section, we propose criteria to compare our proposition of autonomic cycles to
automate the innovation processes with other works. We define the next criteria:

(1) Criterion 1: they automate one of the sub-processes (e.g. definition of the innovation
problem) of the innovation processes.

(2) Criterion 2: they use everything-mining techniques in the analysis of the innovation
processes.

(3) Criterion 3: they study the definition of the innovation problem from the customer’s
or organization’s perspectives.

ACI



(4) Criterion 4: they consider different aspects of the problem (impact, where occurs, etc.)

In Table 7, a qualitative comparison with related works is made, based on previous criteria.
As shown in Table 7, current papers did not satisfy all the criteria. Specifically, in

criterion 1, our research is the only one that automates the innovation processes, in this case,
using the ACODAT concept. For this automation, paradigms such as multi-agent systems
can be used in conjunction with our ACODAT architecture to model the entire innovation
process [24].

For criterion 2, Ossi et al. [19], Qin et al. [25], Garcia et al. [35] worked on the innovation
based on data mining. The basis of our proposal is autonomous decisions based on
knowledge models from the data extracted from market studies, internal databases, social
networks, etc. Thus, this work is based on everything mining techniques. Similarly [13, 14]
present autonomic cycles for self-configuration, self-optimization and self-healing during the
manufacturing process based on everything mining techniques.

For criterion 3, Kritsadee et al. [21] tested amodel of factors affecting the innovativeness of
SMEs. They analyze products, processes, as well as organizational and marketing
innovation. Stoettrup et al. [22] investigated those parameters in innovation processes and,
in particular, their influence on innovation outcomes in the context of smart manufacturing.
Our paper is the only one that proposes the automation of the innovation problem definition
using autonomic cycles.

Finally, for criterion 4, our proposal is the only one that evaluates different aspects of an
innovation problem, such as its impact on an MSME, among other aspects.

9. Conclusion
This paper proposes the automation of the innovation process in MSMEs, through the
definition of ACODATs. Also, the paper applies one of the ACODAT (for the definition of the
innovation problem) in an MSME, in the “RAMARA jeans” store. Our ACODATs use
different data sources to build knowledge models about the innovation process (e.g.
predictive and descriptive models). Through the use of our ACODATs in the innovation
process, it is possible to generate knowledge for the organization, not only to identify a
problem, but also, to identify where it happened, when it happened and the impact it has on
the organization. Particularly, the ACODAT for the definition of the innovation problem is
essential in an innovation process because it allows the organization to identify opportunities
for improvement.

On the other hand, there are many data sources that companies have but do not know how
to use and get the most out of them. Specifically, the multidimensional data model defined for
the ACODATs determines the required information from the organization and the context.
With this information, it is possible to analyze it in real time to support the decision-making
process based on data, and generate useful information for the organization.

Work Criterion 1 Criterion 2 Criterion 3 Criterion 4

[13] ✗ U ✗ ✗
[14] ✗ U ✗ ✗
[19] ✗ U ✗ ✗
[21] ✗ ✗ U ✗
[22] ✗ ✗ U ✗
[25] ✗ U ✗ ✗
[35] ✗ U ✗ ✗
This work U U U U

Table 7.
Comparison with
previous works

Data analysis
tasks for

innovation
processes



The results of the case study allow concluding that it is feasible to use our ACODATs to
automate themodel of the innovation process proposed in section 3.3. The preliminary results
show its utility to identify the problems that potentially will be sources of innovation
processes in the organization. These preliminary results encourage the continuation of the
application of the rest of ACODATs, in order to automate the innovation processes in the
organizations using artificial intelligence techniques.

For future works, it is necessary to implement all ACODATs in a real scenario to verify
their functionalities. To do this, it is necessary to do a detailed design of the rest of ACODATs.
Also, it is important to determine the most important knowledge models required in the
ACODAT for the definition of the innovation problem. Once determined, it is important to
define the relevant everything mining techniques required for their implementations, such as
data and process mining tasks.
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