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Purpose: Generative artificial intelligence has created opportunities for knowledge
management and human resource management, yet a model that synergistically
integrates employee flourishing and strategic knowledge creation is rare. This study
aims to design a symbiotic knowledge system model based on generative artificial
intelligence and to explain its causal relationships.

Methodology: An exploratory sequential mixed-method approach was adopted in two
phases. In the qualitative phase, fuzzy Delphi with 15 experts extracted the initial
components. In the quantitative phase, fuzzy DEMATEL analyzed causal relationships,
and fuzzy cognitive mapping combined with agent-based simulation over a five-year
horizon modeled system dynamics. Content validity was confirmed using CVR, and
reliability was confirmed using Kendall's coefficient (0.73).

Results: Five components were identified: algorithmic transparency, cognitive
diversity preservation, human-Al interaction feedback, generative personalized
learning, and ethical Al governance. "Cognitive diversity preservation" with the highest
causality (+3.78) was the strongest causal driver. Simulation showed the full system
increases strategic knowledge creation by 87%, reduces burnout from 34% to 12%, and
improves decision-making accuracy by 48%.

Discussion: Contrary to traditional approaches, cognitive diversity preservation drives
knowledge-wellbeing synergy. Algorithmic transparency enables trust and feedback,
while personalized learning operates under ethical governance.

Conclusion: This study provides an integrated framework linking positive HRM,
generative Al, and strategic collective intelligence. Organizations should prioritize
cognitive diversity preservation and algorithmic transparency in implementation.
Generalizability is limited to Iranian knowledge-based industries.
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Introduction

The rapid advancement of generative artificial intelligence (GenAl) is fundamentally reshaping how
organizations create, share, and utilize knowledge. Unlike earlier Al systems that primarily focused on
pattern recognition and prediction, GenAl models possess the unique capability to generate novel
content—including text, images, code, and complex designs—based on patterns learned from training
data ( ). Simultaneously, positive human resource management
(PHRM) has emerged as a paradigm that prioritizes employee flourishing, psychological capital, and
well-being alongside organizational performance (

). While each of these two streams has independently generated substantial scholarly interest, a

critical theoretical gap persists: no prior study has systematically integrated GenAl, PHRM, and
strategic collective intelligence into a unified, dynamic model. Existing literature either focuses on Al-
driven efficiency in HR processes ( ) or on isolated well-being
interventions without considering technological advancements ( ). What
remains unexplored is the synergistic potential of a symbiotic knowledge system in which GenAl and
human intelligence mutually reinforce each other.
To guide the empirical investigation of this gap, an initial theoretical framework was developed based
on the theoretical foundations (Self-Determination Theory and Distributed Cognition Theory) and the
synthesis of the research background. This framework proposes a set of potential components that
appear to shape the "symbiotic knowledge system based on generative Al": algorithmic transparency
(C1), cognitive diversity preservation (C2), human-Al interaction feedback (C3), generative
personalized learning (C4), and ethical Al governance (C5). Moreover, the anticipated organizational
outcomes include strategic knowledge creation, employee flourishing, and strategic collective
intelligence. It is crucial to emphasize that this is a preliminary conceptualization, not a finalized model.
These components and relationships are initial assumptions that will be empirically validated, refined,
or rejected by experts in the subsequent fuzzy Delphi phase. Figure 1 provides a schematic
representation of this initial framework.
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Fig. 1. Initial theoretical framework of the research.

Following this conceptualization, the main objective of this study is to design a symbiotic knowledge
system model based on generative Al. The research answers three questions: (1) What are the core
components of a symbiotic knowledge system? (2) What are the causal relationships among these
components? (3) What impact does implementing such a system have on strategic knowledge creation,
employee flourishing, and organizational collective intelligence? The remainder of this article is
structured as follows: Section 2 presents the theoretical literature and research background; Section 3
describes the research methodology; Section 4 reports the findings; Section 5 provides discussion; and
Section 6 concludes with limitations and recommendations.

Methodology

This study employs an exploratory sequential mixed-method design grounded in pragmatism,
comprising three stages. This approach is appropriate because the research aims to first explore and
identify the core components of a symbiotic knowledge system qualitatively, and then quantitatively
analyze the causal relationships and simulate the system's dynamics. The qualitative stage uses fuzzy
Delphi, while the quantitative stage combines fuzzy DEMATEL, fuzzy cognitive mapping, and
agent-based modeling.

Stage 1 (Qualitative — Fuzzy Delphi): A systematic literature review following PRISMA guidelines was
conducted using Scopus, Web of Science, Science Direct, Emerald, Magiran, and Noormags. The
search string combined "generative Al," "positive HRM," "collective intelligence,” "knowledge
management,” and "human-Al symbiosis" for the period 2020-2026. After screening 378 articles, 94
were selected, yielding an initial pool of 34 components. A panel of 15 experts (6 HRM, 4 knowledge
management, 3 Al, 2 positive psychology) was formed using purposive and snowball sampling.
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Selection criteria included a Ph.D., at least 5 years of experience, and a minimum of 3 peer-reviewed
publications. Over three Delphi rounds, experts rated components using a five-point fuzzy linguistic
scale (very low to very high). Triangular fuzzy numbers were defuzzified via center-of-gravity, with
retention criterion of defuzzified mean > 0.75 and Kendall's W significant (p < 0.05). Content validity
was assessed with 5 independent experts (CVR critical value = 0.99; CVI average = 0.94). Reliability
was confirmed with Kendall's W = 0.73 (p < 0.01).

Stage 2 (Quantitative causal modeling — Fuzzy DEMATEL): The five final components were structured
into a pairwise comparison matrix. The same 15 experts evaluated direct influences using a five-point
fuzzy linguistic scale (no influence to very high influence). The fuzzy DEMATEL procedure involved
forming a direct-relation fuzzy matrix, normalization, computing the total-relation matrix (T = N (I —
N)™), defuzzification using the averaging method, and setting a threshold of 6 = 0.5780. Influence (D;)
and susceptibility (R;) indices were calculated to determine centrality (D;+R;) and causality (Di—R;).
Reliability was assessed using Kendall's W = 0.69 (p < 0.01) and an average inconsistency rate below
0.1.

Stage 3 (Dynamic simulation — Fuzzy Cognitive Mapping + Agent-Based Modeling): Causal weights
from the total-relation matrix were imported into FCMapper to visualize the fuzzy cognitive map, with
nodes representing the five components and directed edges weighted in [-1, 1]. Consensus centrality
was computed for each node. An agent-based model was developed in NetLogo 6.4 with 100 agents
representing employees, each with variables for psychological capital (PsyCap), burnout, and
engagement. Initial PsyCap scores were derived from a survey (N=120) at a knowledge-based IT firm
in Iran. Four scenarios were tested over 60 ticks (5 years): baseline (no system), Scenario 1 (only C1),
Scenario 2 (only C2), Scenario 3 (C1+C2), and Scenario 4 (all five components). Each scenario was
replicated 50 times. Sensitivity analysis was performed with £20% parameter variations. Model
validation compared baseline scenario output with historical data (2023—-2025) from the participating
firm, achieving a mean absolute error (MAE) below 8%. The NetLogo code is provided as
supplementary material. Ethical considerations included voluntary participation, confidentiality, and
anonymity of data. No Al tools were used for analysis or scientific inference; the authors bear full
responsibility for the content.

Results

This section presents the findings from the three methodological stages—fuzzy Delphi, fuzzy
DEMATEL, and agent-based simulation—in a clear, objective manner without interpretation.

Fuzzy Delphi Results

From the initial pool of 34 components extracted from the systematic literature review, after three
rounds of fuzzy Delphi with 15 experts, 29 components were eliminated and 5 were confirmed as the
final core components. The reasons for elimination were: low defuzzified mean (<0.75) — 22
components; conceptual overlap with main components — 4 components; and lack of expert consensus
(coefficient of variation > 0.3) — 3 components. A complete list of the original 34 components with their
defuzzified means across all three rounds and elimination reasons is provided in Appendix 1. The five
final components are presented in Table 1.

Table 1. Final Fuzzy Delphi Results (Third Round).

Code Component Defuzzified Mean Std. Deviation CV
C1 Algorithmic Transparency 0.86 0.07 0.08
C2 Cognitive Diversity Preservation 0.91 0.06 0.07
C3 Human-Al Interaction Feedback 0.79 0.10 0.13
C4 Generative Personalized Learning 0.88 0.07 0.08
C5 Ethical Al Governance 0.84 0.08 0.10
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All five components achieved a defuzzified mean > 0.75. Kendall's W coefficient at the end of the third
round was 0.73 (p < 0.01), indicating significant agreement among experts. The content validity ratio
(CVR) for each of the five components ranged from 0.78 to 0.92, above the critical value of 0.49 (for 3
experts).

Fuzzy DEMATEL Results

After converting the linguistic evaluations of the 15 experts into triangular fuzzy numbers, normalizing,
and computing the total-relation matrix, the defuzzified matrix was obtained by applying a threshold of
0 =0.5780. Table 2 presents the final defuzzified total-relation matrix (values below the threshold were
set to zero).

Table 2. Defuzzified Total-Relation Matrix (T).

C1 C2 C3 C4 C5
C1 0.00 0.52 0.78 0.34 0.41
C2 0.61 0.00 0.55 0.72 0.63
C3 0.32 0.44 0.00 0.48 0.37
C4 0.28 0.33 0.51 0.00 0.44
C5 0.35 0.29 0.42 0.38 0.00

Table 3 reports the influence (D), susceptibility (R;), centrality (Di+R;), and causality (Di—R;) indices
for each component. Components with positive Di—R; (C1 and C2) are classified as causal (influencing),
while those with negative Di—R; (C3, C4, and C5) are effect (influenced) variables.

Table 3. Influence, Susceptibility, Centrality, and Causality Indices.

Component  D; Ri DitRi Di—R; Role

C1 542  4.18 9.60 +1.24 Causal
C2 6.83 3.05 9.88 +3.78 Causal
C3 3.91 6.14 10.05 -2.23 Effect
C4 4.56 5.42 9.98 -0.86 Effect
C5 4.22 5.15 9.37 -0.93 Effect

As shown in Table 3, C2 (Cognitive Diversity Preservation) had the highest net causal effect (Di—R; =
3.78), followed by C1 (1.24). C3, C4, and C5 were effect variables with negative Di—R; values.
Centrality (Di+R;) was highest for C3 (10.05), indicating its strong connective role in the network. All
causal weights were positive, indicating reinforcing relationships among components. Fig. 2 displays
the causal relationship scatter plot based on these indices.
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Fig. 2. Causal Relationship Scatter Plot.

Fuzzy Cognitive Mapping Results

Consensus centrality indices for each component in the fuzzy cognitive map are presented in Table
4. C2 (Cognitive Diversity Preservation) had the highest consensus centrality (17.42) , confirming its
central role in the network, followed by C4 (15.87) and C3 (15.32).

Table 4. Consensus Centrality in FCM.

Component CenD CenC CenB Consensus Centrality

C1 8.23 3.45 1.18 12.86
C2 11.05 4.12 2.25 17.42
C3 9.87 3.89 1.56 15.32
C4 10.24 3.91 1.72 15.87
C5 9.45 3.76 1.43 14.64

Agent-Based Simulation Results

Agent-based simulation with 100 agents over a 60-tick horizon (5 years) was conducted for four
scenarios. Table 5 reports the mean values of the three outcome variables at the end of the simulation
period for each scenario (results based on 50 replications). Detailed equations and model validation
procedures are provided in the supplementary material.

Table 5. Agent-Based Simulation Results for Different Scenarios.

Scenario Strategic Knowledge Burnout Rate Decision Accuracy
Creation (%) (%)
(Index 0-100)

Baseline 100.0 + 0.0 342+18 500421
(no system)

Scenario 1

(C1 only) 1183+ 24 29.1+15 56.4 + 1.9
Scenario 2

(C2 only) 134.0+2.1 224 +1.3 63.1+1.7
Scenario 3

(C1+C2) 156.2+1.9 178+1.1 702+ 15
Scenario 4

(All five) 187.4+16 11.9+0.9 74.0 + 1.3

Under the full system (Scenario 4), strategic knowledge creation capacity increased by 87% compared
to baseline (from 100 to 187.4 index points). Employee burnout rate dropped from 34.2% to 11.9% (a
22.3 percentage-point reduction). Strategic decision accuracy improved by 48% (from 50.0% to 74.0%
correct). Even the partial scenario with only C2 (cognitive diversity preservation) yielded a 34%
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increase in knowledge creation and a 12.4% reduction in burnout. Fig. 3 illustrates the growth trends in
strategic knowledge creation capacity across all scenarios over the 60-month simulation period.

Strategic Knowledge
Creation Capacity

200 4
| 000000808 Sccnario 4
180 4 °000
| (rrr}
160 4 [TIT]
| [ rrr}
140 4 0000
| [ 111 AAAAAAAAAA Scenario 3
120 1 000® AAAA
| AAAA
100 4 AAAA EEEEEEEEENENE Scenario 2
[ AAAA EEEE
g0 4 YV VY [ [ 1] ]
| FYVVY EEEE

60 {ENEEEEEEEEEEEEEEEEEEEEEEEN
|

ey JEELILGH
|

T T T T T T
(5] 16 20 30 40 50 60
Time (months)

Fig. 3. Trends in Strategic Knowledge Creation Capacity Over Time.

Sensitivity Analysis
Sensitivity analysis was performed by varying key input parameters by +20%. Table 6 presents the
sensitivity coefficients (change in outcome variable per unit change in input parameter).

Table 6. Sensitivity Coefficients of Key Parameters.

Input Parameter Sensitivity Coefficient (Knowledge Creation) Sensitivity

Coefficient

(Burnout)
C2—C4 relationship weight 0.72 -0.65
C1—C3 relationship weight 0.54 -0.48
Initial psychological capital 0.38 -0.52
Burnout threshold 0.21 0.35

The highest sensitivity coefficient was for the C2—C4 relationship weight (0.72 for knowledge creation
and -0.65 for burnout) , confirming that C2 (Cognitive Diversity Preservation) is the most influential
parameter in the model, followed by C1 (0.54). The co-flourishing loop exhibited clear reinforcement:
reduced burnout — higher psychological capital — increased engagement with GenAl — more novel
knowledge outputs — further personalized learning and well-being gains.

Discussion

This study aimed to design a symbiotic knowledge system model based on generative Al and to explain
the causal relationships among its components. The findings provide several important theoretical and
practical insights that extend the existing literature.

First, the identification of five core components—algorithmic transparency, cognitive diversity
preservation, human-Al interaction feedback, generative personalized learning, and ethical Al
governance—confirms and expands upon earlier work. While transparency and ethical governance have
been previously emphasized in Al implementation ( ),
this study uniquely positions cognitive diversity preservation as a central causal driver rather than a
mere contextual factor. This result aligns with warnings about the homogenization risks of large
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language models ( ) and extends the positive HRM framework by showing how
technology can amplify rather than suppress human variation.

Second, the causal dominance of cognitive diversity preservation (D—R = +3.78) challenges
conventional Al design paradigms that prioritize optimization and efficiency above all else (

). Organizations focusing narrowly on efficiency may inadvertently reduce cognitive diversity
and, consequently, their capacity for innovation. This finding resonates with collective intelligence
research indicating that cognitive diversity is a prerequisite for wisdom of crowds (

), yet it goes further by empirically quantifying the causal weight of this variable
within Al-based knowledge systems.
Third, algorithmic transparency (C1) emerged as the second most influential causal factor (D—R =
+1.24) and exhibited the strongest direct effect on feedback loops (C1—C3 = 0.78). This suggests that
transparency is not merely a legal or technical requirement but a fundamental enabler of trust and
effective feedback. Without transparency, employee feedback becomes meaningless, and the system
cannot adapt. This aligns with the trust-complementarity model ( ) and
reinforces self-determination theory ( ).
Fourth, the simulation results demonstrate that employee flourishing and strategic knowledge creation
are mutually reinforcing, contradicting the traditional productivity-well-being trade-off assumption
( ). The full system achieved an 87% increase in knowledge creation and a 22
percentage-point reduction in burnout, suggesting that well-being and productivity can co-evolve
positively when systems are designed with transparency, diversity preservation, and ethical governance.
Comparison with prior studies reveals both alignment and divergence. Our findings are consistent with

research on organizational support and justice ( ), but we extend these by
embedding them within spiritual-ethical and identity-based value frameworks. Unlike previous models
that focus primarily on structural and managerial factors ( ),

the present framework transforms these components into a socio-ethical and cultural paradigm.
Theoretically, this study extends distributed cognition theory to the GenAl era and enriches
self-determination theory by operationalizing how each component satisfies autonomy, competence,
and relatedness needs. Practically, HR managers should prioritize cognitive diversity preservation in Al
procurement, mandate algorithmic transparency, design bidirectional feedback mechanisms, and
implement a phased approach starting with C2 and C1 components.

Conclusion

This study successfully designed a symbiotic knowledge system model based on generative Al,
integrating positive HRM, generative Al, and strategic collective intelligence. Using an exploratory
sequential mixed-method design, five core components—algorithmic transparency, cognitive diversity
preservation, human-Al interaction feedback, generative personalized learning, and ethical Al
governance—were identified through fuzzy Delphi with 15 experts. Fuzzy DEMATEL revealed
cognitive diversity preservation (D—R = +3.78) and algorithmic transparency (+1.24) as primary causal
drivers, while human-Al interaction feedback functioned as the central communication hub (centrality
10.05). Agent-based simulation over a five-year horizon showed full system implementation increases
strategic knowledge creation by 87%, reduces burnout from 34% to 12%, and improves decision
accuracy by 48%.

For Iranian public organizations, this model offers a culturally grounded framework. Managers should
develop self-efficacy training, empathetic guidelines, identity-building systems, service-orientation
frameworks, spiritual-ethical training, employee support systems, delegation protocols, charisma
development programs, and strategic vision management. Converting Martyr Soleimani's lived
experiences into explicit knowledge can profoundly enhance employee motivation.

Future research should pursue empirical validation through longitudinal case studies across industries,
develop algorithms for operationalizing cognitive diversity preservation, conduct cross-cultural



Marjani et al./ Strategic Management of Organizational Knowledge (2026) 9(3), 00-00

comparative studies, investigate unintended consequences (algorithmic fatigue, over-reliance), and
extend the model to inter-organizational networks.
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Table 5. Weighted mean of experts' opinions in the fuzzy DEMATEL direct-relation matrix
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Fig. 3. Causal relationship scatter plot of the components
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Appendix Table 2. Content Validity Results (CVR and CVI) for 34 Initial Components and Its Relationship with
the Fuzzy Delphi Results.
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