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Abstract. The complexity of dealing with work-related stress as a Complex Informal Structured Domain
(CISD) involves various social, technical, cultural, and scientific factors, which highlights the challenges posed
by organizational decision-making and the need for cognitive solutions to improve understanding of such
complex scenarios. The article discusses three empirical-theoretical approaches to conceptualizing and
specifying cognitive solutions to real-world problems in CISD: A literature review examines the use of specific
machine learning artificial algorithms to develop models for work stress prevention; the use of cognitive
solutions as ontologies for explicit knowledge representation; and a systemic methodological framework that
establishes a structured approach to conceptualization and specification. The exploration emphasizes the need
for a methodological model that effectively supports these cognitive solutions, to improve organizational
decision-making by leveraging systems thinking and knowledge management.
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AnHoramusi. CI0XKHOCTH OOpBOBI CO CTPECCOM, CBSI3aHHBIM C Pa0OTOH, Kak CIOKHOW HedopmaibHOI
CTpyKTypHpoBaHHO# oOmacteio aesitenbHocTH  (CISD), BKimouaeT B cebsi pasiuuHble COLHANBHBIE,
TEXHHUYECKHE, KYJIbTYpHbIE W HaydHble (DAKTOpPBI, YTO YBEIMYHBACT OPraHU3AlMOHHBIC MPOOIEMBbI U
MOTYEPKUBACT HEOOXOAUMOCTh KOTHUTHUBHBIX DELICHHI i YIYdIICHHS MMOHMMAHHS TaKHX CIOKHBIX
crieHapueB. B craTee paccMaTpuBaroTCS TPH SMIMPUKO-TEOPETHYECKHX IMOAXOMA K KOHLENTYAIU3alud U
OIpE/ICTICHHI0 KOTHUTHBHBIX PEIIeHUH peanbHbIX npodieM B CISD: Apropamm u3ywanack JuTeparypa IO
UCHOJIb30BAaHUIO CHEU(UYECKUX aJrOPUTMOB MALIMHHOTO OOy4eHMs HEHPOHHBIX ceTel aid pa3paboTKu
Mozieneld MpodMIaKTHKK cTpecca Ha padoTe; MCIONb30BAHMIO KOTHHTHBHBIX PpELICHWH, B YaCTHOCTH
OHTOJIOTHH, [UISl YeTKOrO NpPE/CTaBICHNS 3HAHUH; TAKKe M3ydaaach CUCTEMHAas METOJOJIOrMYEcKas OCHOBA
CTPYKTYPHPOBAaHHOTO MOJAXOAa K KOHIENTyanu3aumu u cremudukauuu. [IpoBeneHHOe wccienoBaHUe
MIOKA3bIBaCT HEOOXOIMMOCTb IIOCTPOCHMS METOIOJIOTMYECKON MOJEIH, KOTopas JOo/bKHA 3((HEeKTHBHO
OJVICP)KMBATh 3TH KOTHUTHBHBIC PELICHHUS, IS YITYHIICHNS Ka4yeCTBa OCYLIECTBIISIEMbIX OPraHU3aLMOHHBIX
MEPOIPUSTHH 33 CYET UCIONB30BaHMS CUCTEMHOIO MbILUIEHHS 1 yHIPABICHHUS 3HAHUAMU.

KiroueBble cJji0Ba: KOTHUTHBHBIC DPELICHUS; YIpaBlI€HHE 3HAHUAMH;, CHCTEMHOE MBILIUICHHUE; CIIOXKHbIE
JIOMCHBI.

Jas nurupoBanusi: XumeHec-I'anuna A., Onmoc-Candec K., Manpnonano-Maunac A., JIukona-Onamoc XK.,
Canuec-Conuc I1. OnpezeneHre KOTHUTHUBHBIX PEIICHUI B CIOXKHBIX HE()OPMAIBHO CTPYKTYPHPOBAHHBIX
nomeHax: smmupuieckue noaxonst. Tpynst UCIT PAH, Tom 36, Boim. 6, 2024 1., ctp. 149-160 (Ha anriuiickom
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BaarogapHoctu. OT MMEHM BCEX COaBTOPOB U COTPYAHHMKOB MbI BBIPAXKAEM HAIly CaMyl HCKPEHHIOIO
OnaromapHocTh W BeyHoe BocxuieHue aokropy JKacmun ['eopruane Jlukona-Ommoc. Ee Bkmax Obut
HEOLICHHM, M €€ HacleAue OCTaercs Ha STuX crpaHunax. OHa Obula OJNECTALMM HCCIIEIOBATEINeM,
UCKJIIOUUTENIbHBIM HACTABHUKOM M BJIOXHOBIISIOLIMM 4YeJNOBEKOM. IIepBblif aBTOp Takke BBIPAXKAET CBOIO
GnaromapHocTs HarmoHadbHOMY COBETY MO TyMaHHTapHBIM Haykam U Texomormssm (Conahcyt) 3a
CTUIEHIMANIBHYIO TIOJVIEP)KKY, OKAa3aHHYIO BO BpeMsi ee y4eObl B JIOKTOPAHTYype IO MPOrpaMMe MHKEHEPHBIX
Hayk ABToHomHOro yausepcurera Coronan-Xyapec (UAC)).

1. Introduction

Complex domains are characterized by their dynamic nature, open boundaries, and ambiguous
relationships, necessitating customized approaches due to their unique characteristics. These
domains lack formal structures that feature non-linear and interdependent factors and are marked by
uncertainty, diverse perspectives, and continuous change, with tacit knowledge being predominant.
Understanding these domains is crucial for developing artificial intelligence (Al) based cognitive
solutions, which formalize domain concepts and relationships, such as Decision Support Systems
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and Predictive Analytics Tools. These solutions help organizations make informed decisions, drive
innovation, and enhance performance by deeply comprehending complex situations.

Complex Informal Structured Domains (CISD) arise when external specialists, unfamiliar with the
domain, are brought in to develop cognitive solutions. This introduces complexity but is essential
for bringing fresh perspectives and innovative approaches. Challenges in CISD include knowledge
elicitation, representation, reaching consensus among specialists, and designing effective solutions.
The complexity of CISD, characterized by informal knowledge, multiple perspectives, ambiguity,
and uncertainty, complicates establishing clear relationships between concepts. For instance, work
stress, a global issue with unpredictable behaviors like emotional exhaustion and symptoms such as
anxiety and depression, affects organizational productivity and can also have positive impacts.
Developing cognitive solutions involves navigating diverse data and viewpoints, making work stress
particularly challenging (see Fig.1).

This article presents three approaches to developing cognitive solutions for work stress in CISD
within the maquiladora industry on Mexico's northern border: (1) a literature review of the
application of machine learning (ML) algorithms, to model work stress prevention; (2) using
cognitive solutions with explicit knowledge representation, such as ontologies; and (3) the creating
of a systemic methodological framework for conceptualizing and specifying cognitive solutions in
CISD. As a result of this analysis, this paper introduces a methodological model that employs
systemic thinking and knowledge management to support organizational decision-making. The
paper is structured as follows: Section 2 covers CISD and work stress characterization, Section 3
reviews the approaches, and Section 4 discusses results and future work.

\

The exploration of algorithms of machine
learning (ML) (

A2

The use cognitive solutions that incorporate an
explicit representation of knowledge /

A3

The need of a systemic methodological framework for the
conceptualization and specification of cognitive solutions in CISD

Fig. 1. Implemented approaches. Based on [1].
2. Background

2.1 Complex Informal Structured Domains
Complex Informal Structured Domains (CISD) arise when a team of domain experts and newcomers
collaborate to create cognitive solutions tailored to the domain’s needs. CISD involves multiple
interacting elements, making reductionist approaches potentially ineffective. The key characteristics
and components of CISD, illustrated in Fig. 2, include:
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a) CISD is composed of an Application Domain (AD) and a Solution Domain (SD).

b) Domain Specialists (DS) with expertise in specific areas provide critical insights and
guidance, although their perspectives may vary based on their roles.

c) The AD encompasses human, technological, cultural, and scientific factors, characterized
by ambiguity, uncertainty, dynamism, and emergent properties.

d) Solution Providers, managed by a Cognitive Architect, specialize in conceptualizing,
specifying, designing, and implementing cognitive solutions.

e) All participants form an ad hoc Collaborative Network.

f) Cognitive Solutions Specification includes both functional and non-functional
requirements, derived from and synthesized between AD and SD.

Complex Informal Structured Domain

Application Domain | sl Solution Domain

Sources of
Information

Piece of
Enrichment

Knowledge Cognitive Solution

Partial View Pieces of Specification
Knowledge
expertise
knowledge Solution
know»hov\&@ Provider
S,

Oo,,_,; = g

Domain KR | § 0

Specialists “_ ! =

External
Sources of
Information

ad hoc Collaborative
@ Network —

Social Groups: Cognitive Architect

Scientific

Knowledge Institutions

Technology individuals

Environment
Policies and Regulations

Fig. 1. CISD Characterization. Based on [2].

2.2 Work stress as CISD

Work stress impacts 75% of workers in Mexico, resulting in various disorders due to factors like
work overload, harassment, insufficient support, and autonomy issues. The COVID-19 pandemic
has worsened stress due to increased uncertainty. To address this, organizations such as the World
Health Organization, National Human Rights Commission, and Secretaria del Trabajo y Prevision
Social (México) recommend identifying psychosocial risks, implementing work-life balance
policies, conducting risk assessments, and promoting mental well-being practices.

Effective intervention involves collaboration between the government, employers, and workers,
with the government enforcing policies like NOM-035-STPS-2018, employers addressing risks, and
workers engaging in management training. In the maquiladora industry, which encompasses human,
technological, cultural, and scientific factors, work stress is influenced by various aspects including
interpersonal dynamics, technological changes, and cultural and scientific research. Domain
Specialists and Solution Providers work together in a collaborative network, addressing dynamic
and emergent stress factors, which vary based on individual resilience and coping skills.
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3. Approaches to addressing CISD
As was mentioned before, three approaches were analyzed:

1) aliterature review of ML techniques,
2) cognitive solutions with explicit knowledge representation, and
3) a systemic methodological model for CISD.

3.1 Approach 1: Use of artificial intelligence techniques

The initial approach involved a literature review of cognitive solutions aimed at preventing work
stress in the maquiladora industry through Al and ML. Databases like Science Direct and Taylor &
Francis helped identify 21 relevant articles from a total of 61.

ML algorithms are increasingly applied to manage and prevent mental disorders, gaining traction in
healthcare due to their ability to learn from data. Advances in data availability and computing have
furthered ML research. ML is used in various domains, including gaming and mental health, to
enhance data analysis and understanding of psychological conditions [3-5].

Despite these promising developments, the focus on work stress remains limited, and previous
studies often lacked enough characterization of prior knowledge, which impacted the quality of the
results. Recent research underscores the importance of explicit knowledge representation in
cognitive system design. Peruvian regulations, for example, require ISO/IEC 12207 compliance for
software requirements validation [6], and studies highlight the benefits of validation for quality and
efficiency improvements [7]. Models like CMMI and ISO/IEC 15504 are essential for process
improvement [8], with advancements in the Analytic Hierarchy Process (AHP) proposed to enhance
prioritization accuracy [9].

ML faces challenges such as ambiguity, unclear definitions, incomplete data, and the need for
domain-specific knowledge, necessitating the use of complementary techniques to address these
issues effectively.

These insights emphasize the need for a more robust solution that integrates knowledge management
and representation, particularly tacit knowledge, to effectively address work stress in complex
domains like the maquiladora industry.

3.2 Approach 2: Cognitive solutions that have an explicit knowledge
representation

For this approach, we applied the KMoS-RE (Knowledge Management on a Systematic Process for
Requirements Engineering) approach to develop a knowledge representation of work stress in the
maquiladora industry. KMoS-RE focuses on capturing and enhancing tacit knowledge in Informally
Structured Domains (ISD) through cognitive techniques and a spiral knowledge evolution cycle
[10]. It is based on the Knowledge Evolution Model for Requirements Engineering and Nonaka and
Takeuchi's knowledge creation model [11] and includes domain modeling, system modeling, and
requirements specification development [12]. During domain modeling, we created essential
components such as the KDEL (Knowledge Domain Extended Lexicon), a conceptual model, and
an OWL ontology, based on a review of standards and literature. Despite involving domain
specialists for validation, several limitations were identified:

o KMOoS-RE struggles with ambiguity and uncertainty, relying on consensus for defining
concepts.

e Asingle model approach can delay understanding by lacking multiple perspectives.

o The knowledge representation is partial and does not fully capture the domain.

While KMoS-RE aids in explicit knowledge representation, a broader approach that includes diverse
perspectives and cultural factors is necessary for effective cognitive solution development.
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3.3 Approach 3: Systemic methodological framework for conceptualization
and specification of cognitive solutions in CISD

In this approach, we use a systemic methodological framework to develop cognitive solutions in
CISD, drawing on Morin's complexity theory [13] and Checkland’s Soft Systems Methodology
(SSM) [14-15]. Morin's theory focuses on understanding interconnected, nonlinear systems, while
Checkland’s SSM addresses complex, poorly defined problems through diverse perspectives and
structured debate. Applying these approaches, we used a cause-effect problem tree to analyze CISD
issues, identifying key challenges: neglect of tacit knowledge, poor communication, and incomplete
domain observation [16].

The third approach focused on developing a systemic methodological model for conceptualizing and
specifying cognitive solutions in Complex Informal Structured Domains (CISD). This model
combines systems thinking with knowledge management principles to address domain complexities.
Key results include:

e Model Development: The KMoS-SSA (Knowledge Management of Strategic options
through Soft Systemic Analysis) framework merges SSM with the KMoS-RE process,
allowing for flexible, evolving analysis and continuous solution adaptation based on new
domain information [2].

e Systems Thinking: This approach assesses interrelationships and dynamics within CISD,
crucial for tackling complex issues like work-related stress that involve multiple social,
technical, and cultural factors.

e Enhanced Knowledge Elicitation: The framework improves the elicitation and
representation of domain knowledge by integrating specialist perspectives and creating a
shared language for addressing diverse needs.

e Requirements Specification: It establishes a clear process for defining both functional and
non-functional requirements, ensuring solutions are desirable and feasible by deriving
insights from interactions between application and solution domains.

o Positive Results: The model has effectively conceptualized cognitive solutions for work
stress in the maquiladora industry, improving understanding through varied perspectives.

These findings support the proposed systemic approach for managing complexity in CISD. In
summary, the proposed systemic approach provides a strong framework for developing and defining
cognitive solutions within CISD. It enables more efficient handling of the intricate and evolving
aspects of issues such as work stress.

4. Results

The KMo0S-SSA model aims to conceptualize and specify cognitive solutions for CISD issues using
systemic thinking. It enhances domain understanding and supports the development of effective,
feasible solutions for organizational decision-making through its Knowledge Enrichment Cycle and
methodological model [2].

4.1 Methodological Model for CISD: Knowledge Enrichment Cycle

The knowledge enrichment cycle model is an iterative framework that integrates systems thinking
with real-world perspectives (Fig. 3). It combines the SECI model, the KMoS-RE knowledge
evolution model, and systemic thinking principles. The SECI model involves four stages —
socialization, externalization, combination, and internalization — to generate and interact with both
tacit and explicit knowledge. The KMoS-RE model adapts these concepts for Requirements
Elicitation. The cycle includes
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a) Knowledge Elicitation, which gathers and organizes information;

b) Knowledge Enrichment, which validates and connects the information;

c) Model Generation, which creates artifacts representing the domain;

d) Model Discussion, which involves presenting models to specialists for feedback; and
e) Model Validation, where specialists assess and adjust the models.

This iterative process supports the continuous refinement of domain understanding and solution
development.

Knowledge Elicitation/‘\
Model Validation =

Knowledge Enrichment

1

Reflection

& Real world
Verification

Systemic Reflection
R &
th|nklng Verification,

Model

: . Model Generation
Discussion

Knowledge Enrichment

Fig. 3. Knowledge Enrichment Cycle. Based on [2].

4.2 Methodological Model for CISD: general activities, processes, and
methods view

The CISD methodological model (Fig. 4) involves a set of activities and processes divided into real-
world and systems-thinking tasks.

Real-world tasks cover elicitation and decision-making stages, while systems thinking tasks include
structuring, generation, and enrichment stages [2]. Elicitation involves rigorous knowledge
gathering, and decision-making includes validation and enrichment. Domain structuring formalizes
the CISD, while model generation focuses on creating and validating artifacts. The enrichment stage
involves thorough analysis and enhancement of knowledge.

5. Future work

We are currently working on the application of the proposed methodological model to the work
stress phenomenon in the maquiladora industry, a real-world problem. We are also applying the
methodology to generate solution alternatives in other areas such as academic accreditations and
psychological therapies to provide evidence of its functionality.
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