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Abstract: The design of new consumer chemical products is a complex task at different levels.
In addition to the technical challenges of the formulation, design teams should also consider the
requirements of the organization where the design is performed. The objective of this article is
to present a knowledge base to support decision-making for the design of formulated products,
considering the organizational dimension. For this, data were collected during ten semi-structured
in-depth interviews with industrial experts who are also decisional actors in the design process. From
the collected data, design recommendations were identified and analyzed. These recommendations
are statements which can be used by organizations to evaluate, understand, improve, or create their
own design methodologies considering their context and resources. Subsequently, the extracted
recommendations were analyzed according to three types of criteria: the stages of the design process,
the involved actors, and the organizational context. As a result, a knowledge base containing
systematically organized recommendations that have led to the development of successful products
is presented. Finally, the multiple uses of the knowledge base are shown with theoretical examples
and the knowledge base is applied to analyze the design process of a real organization: in a small
and medium-sized enterprise (SME) in the cosmetic sector.

Keywords: chemical product design; knowledge base; consumer products; organizational context

1. Introduction

The design of new products is essential to maintain or improve the competitive
advantages of companies in the market [1]. However, the design of innovative chemical
products is a complex task at many different levels. Product design involves the activities of
creating, developing, and marketing a product that is accepted by customers and satisfies
their needs. Chemical companies face different situations and special challenges according
to the type of product they are designing and the target market they want to reach [2].
Indeed, besides the technical challenges during product formulation and the definition of
process conditions, design teams must also consider the requirements of the organization
in which the product design is carried out [34].

The organizational context for product design involves the interaction of multiple
actors with different competencies and responsibilities [5-7]. These actors can be internal to
the organization, such as the project manager, design team, laboratory technician, quality
manager, and purchasing manager, among others. They can also be external, such as users,
customers, suppliers, regulatory entities, or external consultants. The role of the actors and
their interrelationships are specific to each company and evolve during the development of
the design process. Thus, the success of a product depends not only on meeting technical
requirements, but also on satisfying the expectations and requirements of stakeholders,
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notably the final user and others such as regulators, and the company itself [8]. In this
sense, the design process is a detailed activity that takes place in a complex and changing
organizational context that necessarily affects the outcome of the design [9-11]. This means
that different approaches may be used depending on the company culture to respond to a
specific design problem [12].

Despite the importance of having an organizational approach for designing new
products, there are not many design methodologies for chemical products that take this
aspect into account [13]. Most of the published methodologies focused on technical and
financial aspects [14—-18]. There are some works that consider the company structure for
decision-making during product formulation [3,19]; however, they do not present an in-
depth knowledge management strategy for designing within organizations. Thus, the lack
of consideration of the organizational context in the design process is a research opportunity
for the proposition of a novel design methodology [20,21].

Considering the above, this article analyzes the organizational dimension of the design
process of several companies of formulated chemical products and uses this information
for the construction of a knowledge base. For this, the chemical product design process is
understood as a temporal decision-making system that appears when a company decides to
initiate a product development project [22]. In such a system, actors exchange elements such
as knowledge, information, energy, materials, value, and other resources [23]. In this case,
knowledge is not only structured information about the product, but also information about
the context [24]. Through this analysis, the key moments within a product design project, as
well as the actors and the decisions made at different levels, were identified. Subsequently,
the results are used to create a knowledge base containing recommendations to incorporate
the organizational dimension in chemical design methodologies. The representation of
this expert knowledge in a knowledge base allows its exploitation for its application in the
improvement or construction of chemical product design methodologies.

This paper is organized as follows: Section 2 presents a description of the state of the
art in knowledge management for chemical product design and explains some important
concepts. Section 3 shows the methodology used to capture expert knowledge in formulated
product design for the construction of the knowledge base. Section 4 explains the analysis
framework for the formalization of the collected information, which has three axes: the
design stages, the actors, and the organizational context. Subsequently, Section 5 relates the
collected knowledge with the elements of the analysis framework, building in this way the
structured knowledge base, which is the main contribution of this article. Finally, Section 6
shows some possible uses of the knowledge base and Section 7 presents its use in a real
case study of a cosmetic company.

2. Background
2.1. Capitalization Organizational Knowledge for Chemical Product Design

The objective of a knowledge base is to facilitate the understanding of a topic and make
knowledge accessible. Thus, it gives sense to information and enables better-informed
decisions. A knowledge base in the domain of knowledge management provides the means
and documents that can be exploited by decision-makers [25]. Its construction faces several
challenges: it should be adapted to the specific topic, in this case to the chemical product
design process, which is done by multidisciplinary collaborative teams; it should organize
heterogeneous information coming from diverse sources, as the ones involved in the design
process; and it should be managed, updated, and refined according to the advances in its
field of application, maintaining coherence between new and old knowledge [26].

On the one hand, in the field of chemical engineering, knowledge bases have been
widely used to support the design of chemical products. Outstanding examples of highly
developed tools implementing knowledge bases include the virtual process-product design
laboratory (VPPD-Lab) [15] and the computational tool ProCAPD [27,28]. Both of them
contain property models, databases and knowledge bases to support the design of formu-
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lated chemical products. These tools deal mainly with technical knowledge, not including
an organizational approach.

On the other hand, as knowledge is recognized as a key organizational resource [29],
diverse knowledge management systems have been applied to support the decision making
process during design. For example, Zhong et al. proposed a knowledge management
system based on information of customers and the application of kansei engineering con-
cepts [30]; Berao et al. proposed an architecture for knowledge management to support
collaborative activities and design within organizations [31]; Zahng et. al. showed the im-
portance of knowledge management in open innovation and sustainable competitivity [32].
All of the above examples highlight the importance of having knowledge management
systems adapted to the purposes and profiles of the organizations to ensure their effective
implementation [33,34]. In view of this, this article explores the design process in companies
producing formulated chemical products (mainly cosmetic companies), in order to establish
a knowledge base of design recommendations adapted to this type of organization.

2.2. Implicit and Explicit Knowledge

In general terms, knowledge can be classified into two categories. It can be explicit
and implicit. The former is based on well-established facts while the latter is based on
know-how, experience, and intuition [35]. Explicit knowledge is available in documents,
databases, and computer information systems. It is structured and easy to share. Explicit
knowledge is normally clear and accessible, and it is usually well-recognized by the design
team. An example of explicit knowledge in chemical product design corresponds to
established physicochemical specifications, models, equations, formulas, and well-known
production process fundamentals, among others.

Otherwise, implicit knowledge is difficult to acquire, transmit, and be conserved
within the design teams. This knowledge is also highly related to the design context
because it is the result of the trajectory of both the organization and the individuals.
Implicit knowledge evolves with practices, changes in organizational structures, design
habits, and development experiences, among others. It remains implicit to individuals and
is eventually lost if it is not codified, transferred and shared within the organizations [36].

It should also be noted that there may be other reasons why knowledge may not be
easily accessible. For example, when companies want to protect their private information
and maintain a competitive advantage in their industry, they may require their employees
to sign confidentiality agreements that prohibit them from disclosing certain information
to third parties. In addition, organizations can also use intellectual property protection
mechanisms, such as patents, to prevent others from using their technology or ideas. This
type of practice should be considered when developing knowledge systems for specific
companies (as for example it is shown in [37,38]). Our research focuses on the problem of
the accessibility of information due to its implicit nature. Thus, this article presents the
construction of a knowledge base for chemical product design regarding the organizational
context, which formalizes the implicit knowledge of several design experts from different
chemical product design processes and different organizations.

3. Methodology: Building the Expert Knowledge Bases

The knowledge base developed in this research comes from information gathered
through interviews with experts. Key information related to the design process is extracted
from the interviews and then it is analyzed according to a framework comprising three axes
to structure it. Figure 1 shows the path used for the construction of the knowledge base.
This approach uses four phases: elicitation, framework definition, information extraction,
and formalization. The scope of each stage is described below.
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Figure 1. Method for the construction of the knowledge base.

3.1. Elicitation

A total of ten experts were interviewed using semi structured interviews. This was
carried out because the use of expert informants is a cost-effective and time-efficient
way of gathering detailed and in-depth information [39], especially in relation to implicit
knowledge. A relatively small sample of experts was used given the experience of the
interviewees, who provide both unique and specialized knowledge and perspectives [40].
Additionally, using the methodology presented here and the structure of the knowledge
base presented in the next section, the knowledge base can continue to be expanded with
its use and with the contribution of new experts over time.

The semi structured interviews had three parts: the first part giving a presentation
of the objectives of the research, the second part devoted to gaining knowledge about
the expert’s profile and trajectory, and a third part asking about the design processes the
experts carry out in their respective companies. The complete interview topics are presented
in Table 1.

Table 1. Interview protocol applied to chemical product design experts.

Objective of the Phase of the Interview

Part 1: presentation At the beginning of the interview, the purpose of the

interview is explained, as well as the procedure.

Determine the profile of the interviewee, experience, area of
work, career, and position in the company.

Part 2: expert’s profile and trajectory Know the overall experience in the design formulated

product of the interviewee.

Describe the current company, size, how the company is
organized, where the company operates, what the company
value proposition is, as well as the mission and vision.

Identify the interviewee’s position in the product design
process within the organization.

Know if the interviewee has designed products within
other organizations and which roles he played.
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Table 1. Cont.

Objective of the Phase of the Interview

Part 3: how product design is carried
out in the organizational context

Know the formulated product design process in which the
interviewee has participated.

Understand which areas of the company are involved in
the design processes and identify the relationships among
these areas during the design process.

Understand the decision-making process within the design
project, how the information is gathered by different actors
all along the design process, and what the perception is of
hierarchies inside the design teams.

Identify the information the interviewee uses to make
decisions, and when it is required and shared.

Understand, according to the interviewee, the moments of
the design project when collective decisions are required.

Understand what information allows the interviewee to
make easy decisions, including when the different actors of
the design team should be involved.

All the interviews were carried out via Microsoft Teams during the second half of
2021. Although remote interviews are less personal and potentially less effective in estab-
lishing a connection with the interviewee [41], they were used given the constraints of the
pandemic and the location of the experts. The good thing about online interviews is the
ease of scheduling and the speed of the interviews. Each interview lasts about one hour.
Information about the general characteristics of the process and the corporative strategies
of the companies where the expert work was also collected. The profile of the experts is
shown in Table 2.

Table 2. Profile of the interviewed experts.

Expert Formation Time of Role Type of Company Industry
Experience
1 Chemical 4 Years Supplier SME Cosmetic
engineer
2 Chemical 2 years Owner Formulator SME Food
engineer
3 Chemical 11 Years Formulator Multinational Pharmaceuticals
engineer
4 Chemical 5 years Owner Formulator SME Brewing/Food
engineer
5 Chemical 10 Years Formulator Latin American Cosmetic
engineer and multinational
6 Chemical 15 Years Formulator Latin American Cosmetic
engineer multinational
7 Pharmaceutical 20 Years Formulator Researcher Latin American Cosmetic
chemist Columnist and multinational
8 Chemical 6 years Formulator Latin American Cosmetic
engineer and multinational
9 Chemical 5 years Formulator Latin American Cosmetic
engineer and multinational
10 Chemical 16 Years Formulator Director Latin American Cosmetic

engineer

and multinational
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3.2. Framework Definition

To structure the information for the construction of the knowledge base, an analysis
framework is defined based on three axes: design stages, actors involved, and organiza-
tional context. These axes of analysis are selected considering that the focus of the research
corresponds to the design process of chemical products, which is represented through the
design stages, and the organizational context, which is represented with the involved actors
and the business strategy of the company [13,22]. In a possible future expansion of the
database, it is possible to include more dimensions, i.e., innovative capacity, long-term
goals of the company, among others.

Based on the analysis of the information from experts, it was found that the different
design processes have similarities, but also different elements, i.e., different design stages,
actors, and contextual conditions. To be as exhaustive as possible, the elements within the
axis of design stages and actors are established by including all the elements mentioned
by the experts from all the analyzed design processes. Additionally, the elements of the
organizational axis are defined based on an adapted version of the elements in the business
model canvas (BMC) [42]. Considering that the BMC is a tool used to establish new busi-
ness plans, its choice for the analysis of the organization’s context is based on the model’s
ability to capture the elements of the design system, actors (customers, suppliers, areas of
the organization involved), process stages (key activities of the BMC) and resources (key
resources). In addition, it allows an analysis of the operational, tactical and strategic dimen-
sions that give context to product design (product communication strategies, consumer
relations, and cost structure) [43].

3.3. Extraction

To extract the implicit knowledge of the experts in terms of chemical product design,
a 3-step process was followed: 1. The transcription of the interviews: to create a written
record of the conversation; 2. Manually coding the data: to identify and tag significant
topics or patterns; and 3. Analyze the data: to interpret the data and draw conclusions [44].
Following that process, recommendations or design statements expressed by the experts
were extracted from the collected information. The focus was the information considered
implicit (based on their experience and context) and at the same time applicable to different
design processes as recommendations for decision-making, considering the organizational
dimension. The specific criteria used for the extraction of statements were:

Generic information that can be applied by any design team.

Information considering the organizational dimension of the design.
Clear learnings from the expert’s experience.

Conclusions made by the expert comparing two or more design processes.
Key decision points that are evident to the expert.

To avoid the influence of researcher biases during the analysis process, a multi-
investigator approach was used. This was carried out to triangulate the data and provide a
more complete understanding of the data.

3.4. Formalization

Information was formalized by classifying the individual statements extracted from
experts according to the defined analysis framework. Each statement was compared to
each element of the framework to establish the existence of an interrelation between them
(indicating it with 1) or none (indicating it with 0). Additionally, the formalization was
validated by our research team, who are also four experts in product design. Experts of our
research team individually validated the interrelations between the lists of statements and
the framework. Then, they performed a Delphi-based group discussion to reach a consensus
about the interrelation matrix [45]. The procedure of this validation is represented in
Figure 2.
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Figure 2. Qualitative analysis for the formalization carried out by the research team.

4. Architecture of the Expert Knowledge Base

For the construction of the knowledge base, three blocks are assembled: 1. The frame-
work comprising the axis (design process, involved actors, organizational context) and
their elements; 2. The list of statements extracted from the experts; and 3. The formalization
of their interrelation. This corresponds to the general structure of the knowledge base, as
shown in Figure 3. It is developed in the following subsections.

By organizational
context

1. Framework and axes elements definition

2. Statement

- 3.Formalization
extraction

Figure 3. General structure of the knowledge base.

4.1. Analysis Framework Definition
4.1.1. Elements of the Axis Design Process

The elements of the design process correspond to the design stages mentioned by
the experts. As presented by [22], information from the design process described by each
expert is organized in a matrix with the categories shown in Table 3.

Table 3. Generic data screening matrix for information collection [22].

. L. Additional
Design Stages Stage Objectives Actors Comments
Ds; Ds1 Objective 51,5 ... 5n Ds1 Comments

Ds; Ds, Objective 51,52 ... Sn Ds Comments

Ds; Dsj Objective 51,52 .-+ 5n Dsj Comments
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Ds;

Ds,

Ds,

Ds,

:‘ Ds,

For the framework definition, all the “design stages” of the ten product design pro-
cesses were used to establish the elements of the axis design process. Each expert contributes
to a certain number of stages.

When adding data from a new expert, the number of categories increased, as shown
in Figure 4. In the case of repeated information, only one of the columns is retained. When
analyzing the design stages of the different organizations, the names assigned by each of
them may differ from each other, despite having similar objectives. Additionally, some
companies grouped several stages into one. In those cases, the most general name for
each element of the axis reflecting a single objective in the process is kept. In the end, a
definitive list of design stages was obtained. All stages were kept, even if they had only
been mentioned by one expert.

—
Expert 1 ..nDs | Ds, .. Ds
Strategic S5 | Al I
Stage and ”
fcton Objectives Aaditional Statement, A
2152 5o DSiopecwe DSz commens Statement
2
SIISZ"' Sn DSz Objective Ds!mmﬂ
$1,52..- Sn Ds; objective DSjcomments
. - Statement,,
Expert 10
Strategic
- - Stage and
Objectives Additional
Comments
g1~52---5n DS objective DS; comments
$1,52.- Sn Ds; ovjective DS comments
S$1,5;. Sa DS; objective DS; comments

Figure 4. Multi-expert data compilation regarding the elements of the design process axis.

4.1.2. Elements on the Axis of Actors

The elements defined in the axis of actors makes it possible to highlight the rela-
tionships between expert statements and the organizational actors who appear in those
sentences. For their definition, a similar data treatment as the one presented for the axis
“design stages” is carried out, adding as many rows as necessary according to the actors
named by the experts. Figure 5 shows how new elements were integrated into that axis.

4.1.3. Elements on the Axis of the Organizational Context

The third axis of the framework focuses on the organizational aspects and the business
context. It is done using an adapted version of the business model canvas [42], which is a
model strategic management template used for new business creation processes. In this
case, it was used in the analysis of product design processes given that it adequately sum-
marizes many of the key aspects of the organizational context, as well as the organizational
conditions and resources that exist in the product design system. This adapted model for
product design has nine elements:
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Expert 1
Strategic Statement, ,—r"";
Stage and 4
Design stages Objectives ~.aditiona ,
29 : Statement,
Comments P 4
Ds, $1,52. Sn US) Objective D53 comments _‘,w"x
Ds; $1,5;..- Sq DS; opjective D53 comments o 4
Statement,
Ds, S1,52 S Dsonsete || [ DSt
Expert 10
Surategic
Stage and
Dusipn stages Objectivzs  Additional
W Comments
Ds, ’ 51,52+ Sp DS; objective D51 comments
Ds; I 51,52 Sa Dszospam D5 comments
Ds, ‘ $1,55.-- S DS, objective D; comments

Figure 5. Data collection regarding involved actors.

Customer segments: this corresponds to the target market. Normally, the design team
and the organization have well-defined customer segments and focus on identifying
and responding to their needs.

Value propositions: this is the reflection of the organization’s strategic directives. It af-
fects the decision-making process in the company, including all stages of
product design.

Channels: the channels of communication with customers refer to the means and
resources used in product design to obtain information on the needs and requirements
of the target market.

Customer relationship: this refers to all interactions with the customer. During all the
stages of product design and development, the design team can potentially interact
with its users, whether for needs analysis, testing, or prototype validation.

Revenue stream: this is the profit and revenue from each company market segment.
Key resources: this groups all the organization’s available resources, including physi-
cal, human, and economic, and their effect on decision-making based on them or on
the possibility of obtaining them.

Key activities: these are the product design stages that are well-defined and structured,
reactive to organizational changes, and clear to the actors involved.

Key partners: the design team establishes who may be potential partners. They expect
exchanges of information, services, or products.

Cost structure: economic considerations of market segments that should be respected
throughout the design process.
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5. Results
5.1. Framework and Complete Axis Elements Compilation

Figure 6 shows the complete compilation of the elements of each of the three axes
of the analysis framework. For the design process axis, 20 descriptive elements were
identified. On the other hand, 18 internal or external actors that can play a role in the
design of chemical products were identified. Additionally, it presents the nine elements of
the organizational axis previously described.

User needs identification
Organizational needs
Technical feasibility
R&D Development
Formulation process
Pre-prototype
Technical validation
Prototype
User Validation
Legal Validation
Scaling-up
Final approval
Process standardization

Preliminary trend studies
Product conceptualization
Supply chain logistics
Product technical concept
Packaging engineering

=
ks
2
Q
3
o
L O
| "
aQ.
o 8
SE
§'g
Q'CL
£
(o]
(&)
(&]
<

Directives
Marketing
Supply chain
Purchasing
Sales
Formulator
Production
Logistic
User/client
Project chef
Supplier
Legal team
External laboratories
Contract manufacturers
Academic partner
Regulatory entities
Industry ecosystem
Social Media Influencers

By organizational context

Channels
Revenue Stream
Key Resources
Key activities
Key partners
Cost Structure

By
organizational -
context

Customer segments
Value Propositions
Customer Relationship

Figure 6. Compilation of the elements of the analysis framework.

5.2. Statements Extraction

In this section, the extraction of the statements that are part of the knowledge base is
exemplified. The statements extracted from two of the ten experts are presented below.
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5.2.1. Expert 1

The expert works in a Latin American multinational producing cosmetic products.
The expert shared some experiences as an actor in different roles in a cosmetics company,
highlighting a multirole experience moving from a technical to a management role. The
expert has been part of teams dedicated to different types of cosmetic products, in the form
of emulsions, liquids, and solids. Currently, the expert plays the role of project articulator
between the different areas of the organization.

The statements extracted from the interview with this expert are:

Involve the entire design team in the early design stages.

Let the formulating team provide inputs throughout the entire design process.

Be aware of constraints given by access to resources, materials, and technology.

Be clear about the objectives of the project and the regulatory constraints.

Involve the user as quickly as possible to validate the results at different stages of
the design.

Know the structure and functioning of the design team.

Involve the company’s operational logisticians to establish the impact of adding a
new product.

Find key partners in suppliers and service providers.

Consider the needs that a new product generates for the logistics, warehousing, and
purchasing areas.

5.2.2. Expert 2

The expert has experience in the technical development of cosmetic products in liquid
form and has played a leading role in different aspects of product development, such as the
transfer and scale-up of products to the production plant. Throughout this experience, the
expert highlights the evolution of internal processes in the organization, which is reflected
in the way the team designs, develops, and integrates products in the production lines.

The statements extracted from the interview with this expert are:

Share timing, objectives, and resources available for the project from the beginning.
Allow the technical area to have a voice when final decisions are made.

Solve problems on the spot, get representatives from the most relevant areas to discuss.
Consult regulatory issues before making radical changes in formulations.

Save, organize, and use experience from previous projects.

Anticipate product life after manufacture, reflect on how the user is affected.

Always ensure the safety of your product, and different sources of information, in
addition to testing.

e  Set key tasks for each area of the organization involved, turn them into experts.

The complete list of statements extracted from the ten interviews is presented in
Appendix A in Table Al.

Analyzing the words in the recommendations presented in, we found the most fre-
quently repeated words, as shown in Figure 7. It was found that the most repeated word
after design, product, and process, is suppliers, which indicates that this actor is significant
in the design process.

Additionally, by grouping repeated words by similarity, the following clusters were
found: a group related to the technical component of the design with words such as
technical, production, development, and formulator; a group of words related to the
market component of the design with words such as trends, new, market, and marketing; a
group related to the organizational component of the design such as team, organization,
areas, and actors (supplier, user, consumer); and a group related to information for design
with words such as information and regulatory.
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Figure 7. The 20 most repeated words in recommendations and their frequency within the knowl-
edge base.

5.3. Statement Formalization

In this section, all the extracted statements are analyzed according to all the elements
of the analysis framework. When an interrelation between a statement and an element of
the framework is found, it is indicated with a 1 in the formalization matrix. This process is
illustrated below by analyzing the first statement of expert number 1: “Involve the entire
design team in the early design stages”; the analysis is the following:

It is a general statement corresponding to a recommendation to organize the design
team around the design process. When analyzing the statement concerning the design
process, it mentions that it should be applied to the initial stages. Thus, the statement
is concerned with the initial design stages of the axis design process, from preliminary
stages to product conceptualization. About the actors, it refers to all the internal teams
of the organization. Thus, regarding the actors’ axis, the statement is related to all the
representatives of the internal areas of the organization. Regarding the organizational
context, it is considered related to a key activity in the design process. Table 4 summarizes
the characterization of this statement (only the elements with a 1 are shown there).

The complete analysis of all statements is the knowledge base proposed in this article.
Figure 8 shows a sketch of the knowledge base matrix that gathers the three analyzed axes:
design process, actors, and organizational context, thus formalizing the statements in it.
The complete knowledge base is presented in Appendix A in Table A2.
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Table 4. Example 1 of expert statement formalization.
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Figure 8. Knowledge base matrix sketch.

6. Possible Uses of the Knowledge Base

The knowledge base is very rich in information. On the one hand, we have the
recommendations and their origin (experts’ profile and their company) and on the other
hand, we have the analysis of the recommendations according to the proposed framework.
This is illustrated in Figure 9.
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Origin of the

recommendations
Expert Ch. Company
profile  sector  size

Recommendations Analysis framework

Organizational
context

Origin of the

recommendations
Expert Ch. Company
profile sector size

Figure 9. Structure of the information for using the knowledge base.

It is possible to filter the recommendations according to the information in each of
the columns to the right or the left of the list of recommendations. For example, with the
information source, it is possible to search for recommendations from SMEs or multina-
tionals, or those from the cosmetic or pharmaceutical sector. It is also possible to search
for recommendations according to the elements of the analysis framework. For example,
recommendations related to a specific design stage, to a specific stakeholder, or a specific
element of the business model.

For example, if the case is that the user of the knowledge base wants to identify all
the recommendations related to the external actor “regulatory entities”, he can filter the
recommendations containing 1 for that actor as shown in Figure 10.

INPUT
Actor>Regulatory entity

. Analysis framework
Recommendations

Organizational

Design process Actors
context

OUTPUT 2

Origin of the
recommendations

|

¥

OUTPUT 1 OUTPUT 3 OUTPUT 4 OUTPUT S
Filtered list of Related design Other related Re.late.d
recommendations stages actors organizational

context

Figure 10. Example 1: Filtering the knowledge base to see the recommendations related to the actor
“regulatory entities”.

As a result, the knowledge base shows the six recommendations with the related
information, as shown in Table 5. There, it is possible to see, for example, that the internal
actors that most relate to the regulatory entities are the formulators, the project manager,
and the legal team (in the case there is such a team in the organization).
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Table 5. The output of example 1: recommendations, and related information, when filtering the
database for “regulatory entities”.

Design Process

* E3
= @ 5 *
g g & 8
n I3 2 = £
> @ = | <
g s Statement 5] > &
= = = g >
E g = g =
S < 50
v o E £ <
o L) ~
B~ =
Please note that
regulatory limits
vary depending on
SME Food the type of 1 1 1
ingredients and the
type of product.
Evaluate in the early
stages of design:
feasibility
of concepts,
Multinational Pharmaceuticals commercialization, 1 1
formulators and
regulatory agencies
involved, and
technology available.
Establish clear
objectives and
LA . product claims early
multinational Cosmetic on to assess legal ! !
feasibility with
regulators.
Observe the impact
LA Cosmetic of regulatory 1 1
multinational -
restrictions.
Consult regulatory
LA Cosmetic issues before making 1
multinational radical changes in
formulations.
Establish objective
LA
. . tests that allow you
multina- Cosmetic ikl 1 1
tional to quickly
validate prototypes.

* Only the elements with more than one 1 in the column are kept in the example to simplify its presentation.

It is also possible to filter more than one element of the knowledge base simultaneously
to be more precise in the search. For example, if the user of the knowledge base is interested
in recommendations from SME implying the actor “Regularity entities”, he can select
two filters and the knowledge base will present only the first recommendation in Table 5.

Finally, we can also filter the recommendations according to the words they contain.
For example, if a user of the knowledge base wants to obtain recommendations related to
the local context, he can filter the recommendations to obtain those containing the word
“local”, as shown in Figure 11.

As a result, the knowledge base displays three recommendations related to local
delays, local users, and the local environment. The three recommendations explain that
local variables should be considered in the product design project. The knowledge base
gives details about when to apply these recommendations and which actors are involved.
Additional filters concerning the framework, or the origin of the recommendation, can also
be applied to be more precise in the search.
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Figure 11. Example 2: filtering the recommendations containing the word “local”.

7. Application Case

An additional expert was interviewed to compare the design process of his company
with the knowledge base and to obtain adapted recommendations to manage its design
process. The expert has the following profile:

Expert 11:

The expert works in a small start-up company in the cosmetics sector. His experience is
as a product formulator in an entrepreneurial environment, where he must fulfil functions
beyond the formulation itself (contact with suppliers, study and consultation on market
trends, benchmarking). This multipurpose role gives the expert a global vision of the
aspects related to the creation of newly formulated products, including the relationships
established with customers, suppliers, and service providers. The design process developed
in his company has the stages and actors shown in Figure 12.

User needs Supply chain . Prototype . Transition to
analysis Formulation e Final tests production

Formulator Formulator Formulator Formulator

Formulator
. Formulator User P
User Supplier User Manufacturer ~ Manufacturer

Figure 12. Design process with actors from expert 11.

According to the expert, the company has the following objectives:

e To search for broader brand awareness and winning customers’ loyalty to project
towards sustained growth.

e To strengthen the relationship with suppliers and contractors, the latter in charge of
the production of the products.

The company has the following characteristics:

e It has several commercialized products and a customer base that recognizes and
appreciates its brand.

e [t establishes initial contact with the suppliers to assess the feasibility of the
product concepts.
It prefers to work with local suppliers.
It offers product alternatives based on the local context of the consumers.
It works with third-party contractors to scale up production at the factory, maintaining
quality controls.
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e It finds allies in contractors, suppliers, and distributors.

The knowledge base can be used to obtain recommendations that help the company to
approach its objectives. For this, the company objectives and characteristics can be used to
define criteria in the framework and to filter adapted recommendations. Considering com-
pany characteristics, the following criteria that are part of the knowledge base framework
can be used to search for recommendations:

e  Key stages of the company design process are the user needs identification and supply
chain logistics.

e It has as key external actors: users/clients, suppliers, supply chain, and contract
manufacturers.

e  Additionally, recommendations containing the words “local” will also be considered.

Comparing the objectives of the company with the elements of the business canvas
model (explained in Section 4.1.3), the following elements of the knowledge base framework
can be used to select recommendations:

e  The definition of the customer segment of the business model, which is in line with
the customer loyalty that the company wants to win.

e The revenue stream of the business model, which is in line with the assurance of
financial sustainability.

The knowledge base was used to pre-select all recommendations related to one of
the previously mentioned elements. In this case 79 recommendations were found. Then,
only those recommendations related to one of the company objectives and with one or
more company characteristics were selected. In this case 23 recommendations were kept.
Finally, those recommendations that touched four or more elements related to the company
characteristics were prioritized. Seven recommendations were finally kept. They are shown
in Table 6.

Table 6. Recommendations for the case of application.

the degree of originality.

Design
Process
* * *
0 g
2 § S
b = =
- 'E I <
) 9] 9 2
<3 3 s g g
o b= = N
& > 2 g § = S
k= ) s Statement = st ] )
& o o= = = fo|
% g E 2 o 1= §
g &5 2 = % O
@) o Z 3}
E - 3
p— ("] el
R -
& = &
5 g .% If your design process is based
= on an innovative approach
& = & Ve approsct 1 1 1 1 1 1 1
5 ) 8 focus on meeting the needs of
n o your users.
-
3
-
<
= .
E m = Adapt formulations to the
£ > 2 local consumer without losing 1 1 1 1 1 1 1 1 1 1
g "
[<]
2
@)




Processes 2023, 11, 328 18 of 31

Table 6. Cont.
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* Only the elements with more than four 1 in the column are kept in the example to simplify its presentation.

Those recommendations focused on the customer, on creating a good communication
with him, and in generating products according to his needs. Interestingly, the recom-
mendations invite us to work mainly in relation to the early stages of design (as shown
on the right side of the table), the moment when the customer’s needs are defined and
the product concept is generated. In addition, the recommendations are highly related to
a stakeholder that does not explicitly exist in the company, marketing. In this sense, by
following the recommendations, the company should define tasks and responsibilities for a
marketing type actor, which is mainly concerned with the customer relationship. Most of
the recommendations come from SME and from the cosmetic sector. Finally, it is up to the
company to decide whether it wishes to apply the recommendations.
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8. Discussion and Conclusions

This article describes a knowledge base approach to represent the implicit knowledge
of chemical product design experts. The method consists of four parts: gathering firsthand
information; establishing a framework for analysis; extracting statements concerning the
chemical product design process; and characterizing those statements concerning the
previously established framework. The consolidation of these four elements allows us to
present a knowledge base of available information to be used by organizations to analyze
their product design process.

The knowledge characterization approach related to the chemical product design
process in a business context, presented here, considers multiple elements of different
dimensions of the product design system. This data processing allows us to perform
an organized knowledge representation; eventually, this representation can be useful for
exploiting implicit knowledge in product design. In addition, the knowledge representation
can give a broad vision to both the design team and the management directives. This
knowledge characterization approach permits having a closer and more realistic picture of
the product design process requirements, according to experts.

The proposed knowledge base presented here is the result of the collective partic-
ipation of experts and the research team. It is essential that it be disseminated to the
community in general concerned with the design of chemical products; this would consoli-
date its acceptance as a descriptive instrument of the product design system, in addition
to being tested in a real situation to establish whether it meets its objective as well as its
ability to adapt and evolved in different contexts.

The method for knowledge base creation presented in this article can be used in
other domains with different contexts, and can be used by organizations to store and
organize implicit knowledge acquired through experience. The use of the knowledge
base can be useful for problem-solving in organizations since it allows the managers
to access formalized and categorized information; the statements in this case will act
as recommendations or considerations to be considered to act and intervene in design
processes. The knowledge base is susceptible to being fed with fresh information from new
actors and experts until it becomes a robust system.

Finally, this knowledge database could be valorized through the development of
a design product management recommendation tool. To facilitate the selection of the
best recommendations, it is possible to apply multi-criteria analysis methods to select
the most relevant recommendations (for example with ELECTRE method [46]) and rank
them according to the criteria of the design team (for example with analytic hierarchy
process [47]). Considering that the knowledge base is the first version of the formalization
of the know-how of project leaders, the following research step consists of proposing a tool
giving recommendations to formulators. More precisely, the aim is to describe the current
design process of a company and analyze if the application of some knowledge integrated
into the database will help improve this process.
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Appendix A. List of Statements and Its Categorization

Table Al. Statements that constitute the knowledge base.

Number Expert Company Type Chemical Sector Statements

1 1 SME Cosmetic Clearly choose your direction for the new
product design, choose between a new product
innovation approach or an existing product
copy approach.

2 1 SME Cosmetic Align your design project goals with the
geographic and demographic context of your
organization.

3 1 SME Cosmetic If possible, ask about the formulation services
offered by the suppliers of the raw materials
they provide.

4 1 SME Cosmetic Clearly define and communicate your
objectives in terms of costs and target audiences.
Consider your constraints in terms of
production capacity and third-party contracts.

5 1 SME Cosmetic If your design process is based on an innovative
approach, focus on meeting the needs of
your users.

6 1 SME Cosmetic Validate your product conceptualization and
ingredient selection with prototypes.

7 1 SME Cosmetic Use market trends as a guide for your
design projects.

8 1 SME Cosmetic Base your new designs on the experience of the
organization’s previous projects.

9 1 SME Cosmetic Try to make maximum use of the help provided
by the suppliers.

10 2 SME Food Design approach is usually dictated by the
available technology.

11 2 SME Food Establish if your design process is based on

adding value to scientific developments.

12 2 SME Food Have a clear understanding of the availability
of resources when conducting market research.

13 2 SME Food Use techniques such as competitor
benchmarking as input to customer
needs analysis.

14 2 SME Food Establish stages of direct testing with users, in
addition to satisfaction tests.

15 2 SME Food Evaluate projects that diversify markets.

16 2 SME Food Develop in parallel activities of market analysis,

advertising, marketing, brand development,
and the search for potential customers.

17 2 SME Food Establish the different business models
according to the target products and
by-products.

18 2 SME Food Please note that regulatory limits vary

depending on the type of ingredients and the
type of product.
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Table Al. Cont.

Number

Expert

Company Type

Chemical Sector

Statements

19

Multinational

Pharmaceuticals

Be clear and inform your product design team
of your process for product design
and development.

20

Multinational

Pharmaceuticals

Be clear about your process for product design
and development, let your product design team
know the process.

21

Multinational

Pharmaceuticals

Allow the project manager to be the bridge
between the different areas of the organization
such as R&D, production site, suppliers,
among others.

22

Multinational

Pharmaceuticals

Exploit the process of product ideation,
packaging, redesign, building the link between
the commercial sector of the company

and R&D.

23

Multinational

Pharmaceuticals

Study the opportunities that arise from the
trends evidenced in market research.

24

Multinational

Pharmaceuticals

Evaluate in the early stages of design:
feasibility of concepts, commercialization,
formulators and regulatory agencies involved,
and technology availability.

25

Multinational

Pharmaceuticals

Encourage oversight and validation of product
technical risks by formulators.

26

Multinational

Pharmaceuticals

Consider elements of purchasing, warehousing,
tracking codes, quality control, local delays, to
scale up to commercial.

27

Multinational

Pharmaceuticals

Consider regulatory approval times and
stability testing times in each project.

28

Multinational

Pharmaceuticals

Consider the user for efficacy or clinical tests,
also in some sensory tests.

29

Multinational

Pharmaceuticals

Consider the bureaucratic tradeoffs within your
organization in your design project.

30

Multinational

Pharmaceuticals

Involve suppliers as early as possible in the
design process.

31

Multinational

Pharmaceuticals

Always establish which processes can be done
in-house and which ones need a third party.

32

Multinational

Pharmaceuticals

Do not only consider technical requirements
when making decisions, include sustainability
elements throughout the design (suppliers,
process, formula, packaging).

33

SME

Food

Consider the mission and vision of the
organization as a guide in the process of
designing a new product.

34

SME

Food

Establish a differentiation strategy to
your customers.

35

SME

Food

Adapt formulations to the local consumer
without losing the degree of originality.

36

SME

Food

Base the formula proposal on the availability of
raw materials and the possibilities of the
transformation process.




Processes 2023, 11, 328

22 of 31

Table Al. Cont.

Number Expert Company Type Chemical Sector Statements

37 4 SME Food Use techniques such as design of experiments
to adjust recipes or formulations.

38 4 SME Food Keep in mind that the relationship with
suppliers influences the new recipes/formulas.

39 4 SME Food Obtain information about synergies between
ingredients from suppliers

40 4 SME Food The experience of formulators is important in
predicting the behavior of ingredients.

41 4 SME Food Use user trials to adjust formulations.

42 4 SME Food Use the industry ecosystem to gather
information, testing, and verification of quality.

43 5 LA multinational Cosmetic Establish which innovation model will guide
the product design; for example, "agile" or
"user-centric".

44 5 LA multinational Cosmetic Consider the marketing strategy and the vision
of the directives as a guide in the process.

45 5 LA multinational Cosmetic Turn the technical area into a strategic partner
of the marketing area.

46 5 LA multinational Cosmetic Find the balance between marketing visions
and technical proposals.

47 5 LA multinational Cosmetic Define whether the formulator plays an
all-inclusive role or a technical role.

48 5 LA multinational Cosmetic Anticipate complexity by coordinating the
different teams within the organization.

49 5 LA multinational Cosmetic Consider the size and bureaucracy of the
company, the flow of information may
be affected.

50 5 LA multinational Cosmetic Manage logistical and inventory risks at the
earliest stages.

51 5 LA multinational Cosmetic Involves a global vision of the whole process
in design.

52 5 LA multinational Cosmetic Always make direct contact with the consumer.

53 5 LA multinational Cosmetic Involve marketing, market research,
purchasing, finance, suppliers, and inventories
in the formulation process.

54 5 LA multinational Cosmetic Establish what the company’s strategic
objective is and see how it affects the
design process.

55 5 LA multinational Cosmetic Decide whether or not the suppliers can be
considered as design partners.

56 5 LA multinational Cosmetic Establish clear objectives and product claims
early on to assess legal feasibility
with regulators.

57 5 LA multinational Cosmetic Use technical tools such as design
of experiments.

58 5 LA multinational Cosmetic Consider a policy of "In the laboratory it is
better to fail fast".

59 5 LA multinational Cosmetic Contrast the proposed design concept with the

interests of the organization.
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Table Al. Cont.

Number Expert Company Type Chemical Sector Statements

60 5 LA multinational Cosmetic If your business strategy is consumer-oriented,
design decisions should be less bureaucratic.

61 5 LA multinational Cosmetic Avoid personal biases of the formulator by
putting him /her in contact with the consumer.

62 5 LA multinational Cosmetic The information needed to make a decision
must be clear: consumer needs, economic
constraints, technical feasibility and product
stability, production process, claims, safety.

63 5 LA multinational Cosmetic Consider time as a resource for
decision making.

64 6 LA multinational Cosmetic Tailor your process to the skills of the
design team.

65 6 LA multinational Cosmetic Be clear about your business and
strategic model.

66 6 LA multinational Cosmetic Integrate organizational culture and business
model into your design.

67 6 LA multinational Cosmetic Define which design strategy to follow, e.g.,
"mass consumption” or "direct sale".

68 6 LA multinational Cosmetic Base new product design on marketing trends
and market studies.

69 6 LA multinational Cosmetic Let the research and development groups
become the leaders of the project.

70 6 LA multinational Cosmetic Articulate your projects with the research and
development team for decision making.

71 6 LA multinational Cosmetic Establish the relevance of the project between
marketing and R&D.

72 6 LA multinational Cosmetic At the prefeasibility stage, all sectors of the

company may be present, including the
president of the company.

73 6 LA multinational Cosmetic Review the feasibility of the project based on
the company’s resources and led by research
and development.

74 6 LA multinational Cosmetic Establish validation points with the consumer
at each stage of the design process; concept,
prototype, advertising, performance.

75 6 LA multinational Cosmetic Involve the pilot plant and production plant
managers in the prototype launch and
production planning.

76 6 LA multinational Cosmetic Allow suppliers to become an important source
of information for prototype and
concept development.

77 6 LA multinational Cosmetic Observe the impact of regulatory restrictions

78 6 LA multinational Cosmetic Study market trends based on the local
environment and the global context.

79 6 LA multinational Cosmetic Enable articulations and communications
between teams with clear information on costs,
concepts, and claims.

80 6 LA multinational Cosmetic Consider suppliers as a basis for
the formulation.
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Number Expert Company Type Chemical Sector Statements

81 6 LA multinational Cosmetic Allows the formulator to articulate the logistics
and inventory teams.

82 6 LA multinational Cosmetic Allow the formulator to be the link between
consumer and planning and production.

83 6 LA multinational Cosmetic Establish an organizational structure that
allows decisions and ideas to be made by more
than just one person.

84 7 LA multinational Cosmetic Please note that each company dictates its own
operational approach to product design.

85 LA multinational Cosmetic Every product design starts with trends.

86 7 LA multinational Cosmetic Depending on the organizational strategy,
trends can be followed or created.

87 7 LA multinational Cosmetic Keep in mind that design today is
consumer centric.

88 7 LA multinational Cosmetic Address the challenge of understanding the
consumer and transforming their needs into
technical needs.

89 7 LA multinational Cosmetic Ensure that the formulator knows and is aware
of the user and the marketing language.

90 7 LA multinational Cosmetic The technical know-how is acquired
through experience.

91 7 LA multinational Cosmetic Understand that trends are born, grow, and die.

92 LA multinational Cosmetic Capturing trends and insights is possible in all
types of companies.

93 7 LA multinational Cosmetic Define your design strategy, satisfy unsatisfied
needs, or propose disruptive products.

94 7 LA multinational Cosmetic Understand the user’s pain.

95 7 LA multinational Cosmetic Monitor trends in the formulations generated
by social media influencers.

96 7 LA multinational Cosmetic Find product insights not only in novel
formulations, but also use innovation in other
areas such as product communication.

97 7 LA multinational Cosmetic Design according to the realities and the
context; costs, production plant . ..

98 7 LA multinational Cosmetic Control the appearance of hierarchies in
decision making.

99 7 LA multinational Cosmetic Begin the design process with as much clarity
as possible, a benefit is given to the project.

100 7 LA multinational Cosmetic Inform the whole team of the project objectives.

101 7 LA multinational Cosmetic Allow the formulator to become a negotiator in
the negotiation process.

102 7 LA multinational Cosmetic Understand that suppliers are key partners for
the design, they are the ones who develop the
technology.

103 7 LA multinational Cosmetic Avoid delays or damage to resources due to
complicated decisions.

104 8 LA multinational Cosmetic Involve the entire design team in the early

design stages.
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Table Al. Cont.

Number Expert Company Type Chemical Sector Statements

105 8 LA multinational Cosmetic Let the formulating team have input
throughout the design process.

106 8 LA multinational Cosmetic Be aware of constraints given by access to
resources, materials, and technology.

107 8 LA multinational Cosmetic Be clear about the objectives of the project and
the regulatory constraints you will face.

108 8 LA multinational Cosmetic Involve the user as quickly as possible, validate
in different stages of the design.

109 8 LA multinational Cosmetic Know the structure and process of the
design team.

110 8 LA multinational Cosmetic Find key partners in suppliers and
service providers.

111 8 LA multinational Cosmetic Consider the needs that a new product
generates for the logistics, warehousing, and
purchasing areas.

112 9 LA multinational Cosmetic Share timing, objectives, and resources
available for the project from the beginning.

113 9 LA multinational Cosmetic Allow the technical area to have a voice when
final decisions are made.

114 9 LA multinational Cosmetic Solve problems on the spot, get representatives
from the most relevant areas to discuss.

115 9 LA multinational Cosmetic Consult regulatory issues before making radical
changes in formulations.

116 9 LA multinational Cosmetic Save, organize, and use experience from
previous projects.

117 9 LA multinational Cosmetic Anticipate product life after manufacture,
reflect on how this affects the user.

118 9 LA multinational Cosmetic Always ensure the safety of your product, use
different sources of information, in addition
to testing.

119 9 LA multinational Cosmetic Set key tasks for each area of the organization
involved, turn them into experts.

120 10 LA multinational Cosmetic Recognize and give importance to the technical
side of the design.

121 10 LA multinational Cosmetic Manage the knowledge of experience acquired
in previous developments.

122 10 LA multinational Cosmetic Establish objective tests that allow you to
quickly validate prototypes.

123 10 LA multinational Cosmetic Build consensus among the areas of the
organization that are affected by a new product.

124 10 LA multinational Cosmetic Develop product scale-up at the same time
as formulation.

125 10 LA multinational Cosmetic Document the design process.

126 10 LA multinational Cosmetic Establish sustainability, safety, and resource

use targets.
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Table A2. Statements that constitute the knowledge base.
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