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Abstract

This study explores how cybernetic principles—emphasizing feedback loops, self-regulation, and continuous adaptation—can drive
shifts in organizational culture, and proposes a fuzzy analytics framework to measure and interpret these changes. Drawing on a
mixed-methods case study of a medium-sized technology firm, the research integrates qualitative inputs (interviews, focus groups)
with quantitative survey data to assess culture indicators such as Leadership Adaptability, Communication Openness, and Innovative
Mindset. Fuzzy logic techniques capture the nuanced, in-between states of cultural phenomena by translating subjective perceptions
into membership functions and applying rule-based inference to generate a Culture Shift Index (CSI). Results indicate that
organizations with rapid information flow and efficient decision loop mechanisms exhibit more pronounced culture shifts,
particularly in leadership responsiveness and communication patterns. However, developing a robust innovative mindset may
require additional time and focused interventions. The findings illuminate the value of fuzzy analytics in handling the ambiguity and
gradual nature of cultural transformations, offering a richer understanding of how cybernetic feedback loops facilitate or constrain
organizational evolution. This study contributes to the theoretical discourse on adaptive organizational systems and provides a
practical toolset for managers, HR professionals, and change agents seeking to foster agile and innovation-driven cultures in
technologically dynamic settings. Limitations include the potential biases in qualitative responses and the context-specific
membership function definitions, suggesting opportunities for future research in diverse and longitudinal scenarios.

Keywords: Adaptive Leadership, Cybernetic Feedback Loops, Fuzzy Logic, Fuzzy Set Theory, Innovative Mindset, Mixed-Methods
Research, Organizational Culture, Real-Time Information Flow, Self-Regulation, Systems Thinking.

Introduction
Background and Context

Organizational culture is often described as the collective values, beliefs, and underlying
assumptions that guide behavior within a workplace (Schein, 2010; Mohammad et al., 2025a;
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216 Using Fuzzy Analytics to Evaluate Organizational

Mohammad et al., 2025b). In an era of rapid digital transformation, organizations face evolving
technological landscapes that demand continuous adaptation of these cultural elements (Khan et
al., 2019; Mohammad et al., 2025c). Amid this climate of change, cybernetics offers a lens to
understand how systems adapt through self-regulation and feedback loops. Cybernetics,
originating from Wiener’s (1948) seminal work, emphasizes the interplay of control and
communication processes in both biological and engineered systems.

When applied to an organizational setting, cybernetic principles can facilitate the study of how
information flows, managerial controls, and collective feedback converge to drive cultural shifts
(Beer, 1972; Mohammad et al., 2025d). The intersection of such principles with rapidly evolving
technologies—such as advanced data analytics and artificial intelligence—highlights the need
to capture and interpret the subtle, often ambiguous signals of cultural transformation (Colotla
et al., 2022; Mohammad, 2025). These signals may include shifts in employee attitudes toward
technology, changes in leadership styles to accommodate new feedback mechanisms, or
reconfigurations of operational workflows to enhance agility.

Problem Statement

A key challenge in analyzing organizational culture shifts is the inherent complexity and
subjectivity of cultural phenomena (Denison, 1984; Mohammad et al., 2025¢). Culture is
multifaceted and can manifest differently across subgroups, time, and context (Schein, 2010).
When placed within the highly dynamic settings of cybernetics-based transformations, the
process becomes more intricate. Traditional quantitative methods may struggle to capture the
ambiguity and gradual variations that define cultural change (Zadeh, 1965; Mohammad et al.,
2025f). As such, organizations require tools capable of incorporating imprecision, partial truths,
and linguistic nuances—areas where fuzzy logic and fuzzy set theory excel (Ross, 2010;
Galdolage et al., 2024).

Moreover, because cybernetic mechanisms emphasize continuous feedback and regulation,
understanding the pace, direction, and magnitude of cultural change becomes critical. Classical
models that rely on crisp boundaries or binary categorizations fail to address the subtle
gradations in human and organizational behavior (Mendibil et al., 2020; Ekanayake et al., 2024).
Thus, a gap exists in the quantification and interpretation of cultural shifts in a manner that
embraces their inherent vagueness.

Research Objectives
Given the complexities outlined above, this study sets out to accomplish two primary objectives:

(i) Develop a fuzzy analytics framework to evaluate cultural changes in organizational
contexts where feedback loops, self-regulation, and adaptation are integral to the firm’s strategic
direction.

o Specifically, the framework will propose mathematical representations (e.g.,
membership functions, fuzzy inference rules) to handle the subjective, imprecise data often
encountered in cultural assessments (Zadeh, 1965; Chen et al., 2024).

(ii) Demonstrate how cybernetic principles inform feedback-driven organizational
transformation.
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Mohammad et al. 217
o By integrating fuzzy analytics with cybernetics, the study will illustrate a
cyclical process in which organizational responses to environmental cues influence, and are
influenced by, an evolving culture (Beer, 1972).

1.4. Scope and Limitations

This research focuses on medium-to-large organizations undergoing digital transformation,
where the introduction of advanced technologies necessitates changes in culture, leadership
styles, and decision-making processes (Khan et al., 2019; Al-Oraini et al., 2024). The
methodological scope includes qualitative inputs (e.g., interviews, focus groups) and
quantitative instruments (e.g., structured surveys), which feed into a fuzzy evaluation
framework.

Key Limitations Include:

o Theoretical Boundaries: While fuzzy logic can handle ambiguity, it does not eliminate
the need for sound theoretical constructs to guide membership function definitions and rule-base
designs (Ross, 2010).

. Methodological Boundaries: Case study data are context-dependent. The findings may
require customization to fit other organizational types or industries.

o Practical Boundaries: The adoption of fuzzy analytics requires a certain level of
expertise in mathematical modeling, which could constrain real-world implementation.

To mitigate these limitations, the study proposes a flexible framework that can be adapted to
different organizational contexts, while relying on well-established constructs from the literature
on organizational behavior, cybernetics, and fuzzy logic.

Literature Review
Organizational Culture and Change
Definitions of Organizational Culture

Organizational culture has been defined as a system of shared assumptions, values, and norms
that shape the way people behave and interact (Schein, 2010). This perspective highlights the
often tacit, deeply rooted aspects of culture, ranging from shared myths to collective identity
(Denison, 1984). Cultural elements can be explicit—such as dress codes, mission statements, or
workspace layouts—or implicit—like unwritten rules about communication hierarchies or
conflict resolution approaches (Cameron & Quinn, 2011).

Traditional vs. Modern Perspectives on Culture Shifts

Historically, culture was seen as relatively static, with change occurring over long periods
(Schein, 2010). However, the modern perspective recognizes that organizational culture is fluid
and continually reshaped by internal dynamics (employee turnover, leadership style changes)
and external forces (market disruptions, technological innovations) (Ravasi& Schultz, 2006). In
highly dynamic environments, culture shift is often incremental and non-linear, where small
interventions can lead to significant collective adaptations or, conversely, large-scale initiatives
might produce marginal cultural realignments (Denison, 1984).
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218 Using Fuzzy Analytics to Evaluate Organizational
Cybernetics in Organizational Studies

Core Concepts: Feedback Loops, Control Mechanisms, Self-Regulation

Cybernetics, formalized by Wiener (1948), originally explored how systems—biological or
mechanical—maintain stability through feedback. In an organizational context, negative
feedback loops can help regulate behaviors by reducing deviations from targets (e.g.,
performance metrics), while positive feedback loops may amplify new ideas or initiatives,
leading to innovation and transformation (Beer, 1972; Wiener, 1948). Control mechanisms are
enacted through policies, procedures, and cultural norms, all of which can help or hinder an
organization’s ability to self-regulate and adapt.

Applications of Cybernetics in Understanding Organizational Adaptability

The concept of organizational adaptability involves responsiveness to changes in the external
environment, flexibility in internal processes, and a capacity for learning (Senge, 1990).
Cybernetic models view organizations as feedback-driven systems, where cultural elements—
values, symbols, shared understandings—are continuously reinterpreted in response to new
feedback from stakeholders, markets, and technological changes (Beer, 1972). This perspective
underscores the importance of real-time data, open communication channels, and reflexive
leadership in orchestrating adaptive cultural shifts (Wiener, 1948).

Fuzzy Analytics in Management Research
Rationale for Using Fuzzy Logic and Fuzzy Set Theory

Fuzzy logic, introduced by Zadeh (1965), provides a mathematical framework for reasoning
under uncertainty and imprecision—conditions prevalent in social sciences and management
research (Ross, 2010). Rather than relying on binary classifications (e.g., “high trust” vs. “low
trust”), fuzzy logic employs membership functions to represent degrees of belonging. This
capacity to accommodate partial truths makes it suitable for studying intangible constructs such
as culture, motivation, and leadership efficacy (Mendibil et al., 2020).

For instance, cultural attributes—Ilike an organization’s “openness to feedback™ or “readiness
for change”—often reside on a continuum. Fuzzy set theory allows researchers to define
membership functions pc(y) that quantify the degree of membership of a particular
organizational characteristic x in the set C. These functions can be triangular, trapezoidal, or
Gaussian in shape, each providing a different representation of how cultural traits can gradually
shift from one state to another (Zadeh, 1965).

Review of Prior Studies Incorporating Fuzzy Approaches

Studies in management research have employed fuzzy logic for multi-criteria decision-making,
human resource performance evaluations, and strategic risk assessments (Ross, 2010; Mendibil
et al., 2020). While these studies underscore the advantages of capturing nuanced data, limited
research has focused specifically on organizational culture shifts under the lens of cybernetics.
Existing applications, however, demonstrate the versatility of fuzzy tools in translating linguistic
expressions (e.g., “moderate improvement,” “high compliance”) into mathematically tractable
values that can be processed, aggregated, and compared (Ross, 2010).

Below is a simple Python script that generates triangular membership functions representing
low, medium, and high degrees of cultural shift. This figure can illustrate how fuzzy logic can
be used to model the gradations of cultural change.
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Figure 1. Triangular Fuzzy Membership Functions for Cultural Shift

In this figure 1, the membership functions Low Shift, Medium Shift, and High Shift are depicted
as triangular distributions that reflect varying degrees of cultural transformation. For instance,
an organization might score 3 on the “Culture Shift Degree” axis, yielding a partial membership
in both Low Shift and Medium Shift. This partial membership captures the inherent ambiguity of
cultural change, which often does not occur in clear-cut stages.

Research Gap and Motivation

Integrating cybernetic principles with fuzzy analytics addresses a notable gap: while cybernetics
explains the dynamic, feedback-driven nature of organizational change, fuzzy logic quantifies
the uncertainty and gradations inherent to cultural phenomena (Beer, 1972; Wiener, 1948; Zadeh,
1965). This dual framework not only bridges theoretical perspectives on organizational
adaptability but also provides empirical tools for practical assessments (Khan et al., 2019).

Current literature highlights the benefits of fuzzy approaches in broad management scenarios
(Ross, 2010; Mendibil et al., 2020), yet few studies explicitly model the feedback loops and
control mechanisms integral to cybernetic systems. By uniting these domains, the present
research seeks to:

. Establish a more precise yet flexible measurement for cultural shifts.

o Offer actionable insights into how feedback loops can be managed to foster or mitigate
specific cultural outcomes.

This integrated approach stands to advance both the theoretical discourse on organizational
dynamics and the practical methodologies that organizations can employ to navigate technology-
driven upheavals.
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220 Using Fuzzy Analytics to Evaluate Organizational
Research Framework

Conceptual Model

Proposed Relationship Between Cybernetics-Driven Change Factors and Culture Shift
Indicators

Building on the literature (Beer, 1972; Wiener, 1948) and the principles of fuzzy logic (Zadeh,
1965), we propose a framework in which an organization’s cybernetic feedback mechanisms
(e.g., rapid information flow, short decision loops) directly influence culture shift indicators
(e.g., leadership adaptability, communication openness). Figure 2 (below) depicts the conceptual
model:

Q) Cybernetic Feedback Mechanisms

o Rapid Information Flow

o Decision Loop Efficiency
o Self-Regulatory Processes
(i) Culture Shift Indicators

o Leadership Adaptability

o Communication Openness
o Innovative Mindset

We hypothesize that stronger or more responsive feedback loops (i.e., highly efficient, well-
structured, and frequent) will be associated with greater degrees of culture change. Conversely,
organizations with slower or underdeveloped feedback systems may display more incremental
or delayed shifts in culture.

2 ¢

Figure 2 also integrates fuzzy inputs (qualitative assessments of “low,” “medium,” “high”) for
each of these variables. These are processed through fuzzy rules (e.g., “IF information flow is
high AND decision loop efficiency is high THEN strong feedback environment”) to produce
fuzzy outputs that quantify the extent of cultural transformation (“Culture Shift Index”).

Leadership
Adaptability
Rapid info
Flow

Decision Loop
Efficiency
Innovative
Mindset

Figure 2. Conceptual Model Linking Cybernetics-Driven Change Factors to Culture Shift Indicators

Culture X 3R
: Communication
Shift Openness
Indicators P
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This schematic highlights the bidirectional nature of cybernetics (feedback loops) and the
evolving cultural attributes in an organization. Although drawn with directional arrows, in
practice, these influences can be recursive, as changes in leadership adaptability or
communication openness can, in turn, influence information flow and decision loops (Beer,
1972).

Fuzzy Inputs, Rules, and Outputs for Organizational Culture Evaluation

() Fuzzy Inputs: Each variable (e.g., Rapid Information Flow) will be assessed on a
linguistic scale such as Low, Medium, High—defined mathematically by membership
functions (Zadeh, 1965).

(i) Fuzzy Rules: A series of IF-THEN statements determines how inputs combine to
produce an overall evaluation. For example:

o Rule 1: IF (Rapid Info Flow is High) AND (Decision Loop Efficiency is High)
THEN (Feedback Strength is High)

o Rule 2: IF (Feedback Strength is High) THEN (Leadership Adaptability is
High)

(ili)  Fuzzy Outputs: The main output is a Culture Shift Index (CSI), which quantifies how
far the organization has progressed along a continuum of culture transformation. Values might
range from O (little or no shift) to 10 (significant transformation).

Hypotheses/Propositions

Potential Hypotheses Relating Cybernetic Feedback Mechanisms to Observable Shifts in
Culture

(i H1: High levels of Rapid Information Flow are positively associated with increases in
Leadership Adaptability.

o Rationale: Frequent feedback and open communication channels encourage
leaders to modify behaviors and strategies in response to real-time data (Beer, 1972).

(i) H2: Efficiency in Decision Loops (fewer hierarchical layers, quicker turnaround) will
significantly predict Communication Openness throughout the organization.

o Rationale: Shorter decision loops reduce bureaucratic inertia, encouraging
transparent dialogues and flattening communication hierarchies (Wiener, 1948).

(ili)  H3: The interaction of Rapid Information Flow and Decision Loop Efficiency will have
a synergistic effect on Innovative Mindset, mediated by overall Feedback Strength.

o Rationale: The combined influence of robust information flow and fast
decision-making fosters an environment where new ideas can flourish, strengthening innovative
capacity (Senge, 1990).

Role of Fuzzy Analytics in Mapping Qualitative Insights to Measurable Outcomes

These hypotheses necessitate the translation of often subjective data (e.g., employee perceptions,
managerial interviews, or observation-based scoring) into quantifiable constructs. Fuzzy
analytics accomplish this by:
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222 Using Fuzzy Analytics to Evaluate Organizational
o Assigning membership values (0 to 1) to linguistic descriptors (“low trust,
speed,” etc.).

29 ¢

moderate

o Applying logical operators (fuzzy AND, OR) in the inference rules to generate output
membership functions.

. Defuzzifying these outputs into numerical scores—e.g., an overall Culture Shift Index
from 0 to 10 (Ross, 2010).

3.3. Operational Definition of Key Variables

Below is an experimental case study demonstration with a hypothetical dataset from a small
technology firm of 5 employees. (In a real study, this might scale to dozens or hundreds of
employees, but here we show a simplified approach.)

Culture Shift Metrics
(1 Leadership Adaptability (LA)

o Reflects leaders’ willingness to adjust leadership style, embrace new processes,
and respond to feedback (Khan et al., 2019).

o Measured on a fuzzy scale of {Low, Medium, High}.

o In the numeric domain 0-10, where 0 = “Very Rigid Leadership” and 10 =
“Highly Adaptive Leadership.”

(i) Communication Openness (CO)

o Indicates the degree to which information sharing, collaboration, and

transparent dialogue occur across all levels of the organization (Denison, 1984).
o Measured on a fuzzy scale of {Low, Medium, High} in the domain 0-10.
(iii)  Innovative Mindset (IM)

o Represents the organization’s propensity to experiment, take risks, and adopt
new ideas (Cameron & Quinn, 2011).

o Measured on a fuzzy scale of {Low, Medium, High} in the domain 0-10.
Cybernetic Feedback Variables
(1) Rapid Information Flow (RIF)

o Captures the speed and breadth of communication channels (e.g., real-time
dashboards, frequent updates).

o Measured on a fuzzy scale of {Low, Medium, High} in the domain 0-10.

(i) Decision Loop Efficiency (DLE)

o Assesses how quickly decisions are made, how many approvals are required,

and the degree of autonomy in teams (Beer, 1972).

o Measured on a fuzzy scale of {Low, Medium, High} in the domain 0-10.
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Below is a small table 1 showing how 5 employees (labeled E1 through E5) perceive the
organization’s current state. Each person provides scores (from 0 to 10) based on their
experience. We then aggregate these scores for the fuzzy analysis.

Rapid Decision Leadership c L. Innovative
. Loop o Communication .

Employee | Information Efficiency Adaptability Openness (CO) Mindset
Flow (RIF) (DLE) (LA) (IM

El 7.5 8.0 6.0 7.0 5.5

E2 6.5 7.0 5.0 6.0 6.5

E3 4.0 5.5 3.5 4.0 4.5

E4 8.5 9.0 8.0 8.5 7.0

ES5 6.0 6.5 4.5 5.5 5.0

Table 1: Employees (Labeled E1 Through ES) Perceive the Organization’s Current State

Step-by-Step Fuzzy Analysis

(i) Aggregation of Individual Scores

We first average the scores across the 5 employees for each variable:

(ii) Define Fuzzy Membership Functions

7.5+65+4.0+85+60

RIF,yg = : 6.5
8.0 +7.0+55+9.0+65

DLE, g = : =72
6.0 + 5.0 + 3.5+ 8.0 + 45

LAgyg = : =54
7.0 + 6.0 + 4.0 + 8.5 + 5.5

COavg = : = 6.2
5.5+ 6.5 + 4.5 + 7.0 + 5.0

Mg = =57

5

For each variable, we define membership functions for Low, Medium, and High in the domain
0-10. For example, we can use triangular membership functions (Ross, 2010) such that:

o Low: Trapezoid from 0 to 3 (peak at 0-3)
o Medium: Triangle from 3 to 7 (peak at 5)
o High: Trapezoid from 7 to 10 (peak at 10)

The membership function for Medium might look like:
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224 Using Fuzzy Analytics to Evaluate Organizational

0 ifx<3
X735 if3<x<s
HMedium (x) =9 §_3
-x
T if5<x<7
0 ifx>7

(iii) Fuzzification of the Aggregate Values
For RIF ¢ = 6.5, membership degrees might be:

av

How (65) =0, Pygegium (6.5) = 5—2= 025, gy, (65) = 0.75

(This is a small-scale example; precise shapes of membership functions can alter these
calculations based on bulk data set)

(iv) Establish Fuzzy Rules

Below are sample rules (simplified for illustration):

. Rule 1: IF (RIF is High) AND (DLE is High) THEN (Feedback Strength is High).

o Rule 2: IF (Feedback Strength is High) THEN (LA is High, CO is High, IM is High).

. Rule 3: IF (RIF is Medium) OR (DLE is Medium) THEN (Feedback Strength is
Medium).

. Rule 4: IF (Feedback Strength is Medium) THEN (LA is Medium, CO is Medium, IM
is Medium).

. Rule 5: IF (Feedback Strength is Low) THEN (LA is Low, CO is Low, IM is Low).
(v)Fuzzy Inference

o For RIF = 6.5 and DLE = 7.2 (averages), we have moderate membership in High
categories.

. Fuzzy intersection (AND) typically uses the minimum operator:

Unigh (RIF) = 0.75,  upign(DLE) ~ 0.85( example )
min(0.75,0.85) = 0.75 = ( Feedback Strength is High ) = 0.75
(vi)Defuzzification

. We interpret “Feedback Strength” in the same 0—10 domain. If membership in High is
0.75, one might use the centroid method to calculate an approximate crisp value.

. Suppose the “High” range extends from 7 to 10. The centroid of a trapezoid membership
function with a peak from 8 to 10 might yield a defuzzified value around =~ 8. 5. Multiplying by
the 0.75 membership influence yields a final “Feedback Strength” of about 8.0 (again, this is
approximate—precise calculations depend on the exact shape of the membership function).

Ilustration of the Experimental Case Study Findings
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. Feedback Strength: ~8.0 (High)

o Implication: Fuzzy rules suggest that Leadership Adaptability, Communication
Openness, and Innovative Mindset should also be relatively high if Feedback Strength is indeed
high.

If we re-check the observed aggregated data, LA = 5.4, CO = 6.2, IM = 5.7—these are medium
to upper-medium in the 0—10 scale. The slightly lower membership in High for these dimensions
indicates some tension or lag: the organization’s feedback loops are strong, but actual cultural
shifts (especially in leadership and innovation) may not have fully caught up yet. Such nuanced
“partial mismatch” is precisely where fuzzy logic shines—it can register these in-between states
more accurately than a purely binary approach (Ross, 2010).

Key Takeaways

. Conceptual Link: The proposed model shows how cybernetic feedback shapes cultural
shifts, with fuzzy analytics quantifying the subjective nature of these phenomena.

. Hypotheses: The study posits that rapid info flow and efficient decision loops bolster a
feedback strength that cascades into cultural dimensions—Ieadership, communication, and
innovation.

. Variables & Calculations: By defining operational metrics in a 0—10 range, applying
fuzzy membership functions, and using step-by-step calculations, we capture the degrees of
cultural transformation.

In sum, these sections provide a mathematically grounded approach to bridging cybernetic
theory with organizational culture analysis via fuzzy logic. The next parts of the paper (Sections
4-5) would elaborate on the research design, data collection, final results, and interpretations of
these fuzzy inferences.

Methodology
Research Design
Justification for Using a Mixed-Methods Case Study

A mixed-methods case study design integrates qualitative and quantitative approaches to offer a
holistic view of organizational culture dynamics (Creswell, 2014). In studying culture shifts
under the lens of cybernetics, researchers face inherently subjective data—employee
perceptions, leadership attitudes, informal norms, and shared values—while also seeking
numerical insights (e.g., membership degrees in fuzzy sets) that facilitate statistical and
mathematical analysis (Ross, 2010).

o Qualitative Method:

o Semi-structured interviews capture nuanced employee perspectives on how
feedback loops (e.g., frequency of updates, transparency from leadership) affect daily
operations.

o Focus groups give insight into collective experiences, revealing the interplay
between technological changes and emerging cultural norms.
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226 Using Fuzzy Analytics to Evaluate Organizational

. Quantitative Method:

o Surveys with Likert-scale items measure constructs such as Leadership
Adaptability, Communication Openness, Innovative Mindset, and cybernetic feedback variables
(e.g., Rapid Information Flow, Decision Loop Efficiency) on numerical scales (0—-10).

o Structured observations provide additional data points, focusing on real-time
behaviors (e.g., average time to make decisions, frequency of team huddles).

This triangulation of data sources (interviews, focus groups, surveys, observations) ensures a
more robust analysis of culture shift indicators, reflecting both the subjective and objective
realities within the organization (Yin, 2018).

4.1.2. Explanation of Experimental or Quasi-Experimental Aspects

Although true experiments in organizational settings can be challenging (due to ethical and
logistical constraints), a quasi-experimental design with pre-test and post-test measurements is
feasible. For instance:

1. Pre-test: Gather baseline cultural metrics and feedback-loop data (e.g., prior to a major
technological implementation or restructuring).

2. Intervention/Change: Introduce new technology or modify feedback-loop mechanisms
(e.g., real-time dashboards, more frequent leadership reviews).

3. Post-test: Reassess cultural metrics to observe the extent of change.

Over time, fuzzy analytics can detect gradual rather than purely binary shifts, offering richer
insights into how the intervention influences organizational culture (Zadeh, 1965).

Case Study: Organizational Context
Description of the Organization Selected

For illustrative purposes, we assume a medium-sized technology firm (approximately 200
employees, though we will showcase a smaller hypothetical sample of 5 employees for
demonstration). Key characteristics:

. Industry: Cloud-based software solutions for small businesses.

. Culture Change History: Traditionally hierarchical, with recent efforts to become more
agile and innovation-driven.

o Technology Environment: Implementing continuous integration and real-time
monitoring tools, aiming for faster feedback loops.

Rationale for Selection

1. Representative of Broader Trends: Many technology firms strive to flatten
hierarchies, speed up decision-making, and foster innovation, making this organization a
microcosm of industry-wide transitions (Khan et al., 2019).

2. Ongoing Change: The firm’s push toward agility and real-time data usage aligns
directly with cybernetic ideas of continuous self-regulation and feedback (Beer, 1972).
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3. Data Accessibility: The organization’s moderate size and openness to self-assessment
facilitate a mixed-methods investigation, providing diverse data from managerial interviews,
team-level focus groups, and individual surveys.

Data Collection Procedures

Qualitative Methods

o Semi-Structured Interviews:

o Conducted with 5 key informants: 2 managers (including a team leader), 2
senior engineers, and 1 HR representative.

o Focus on questions about (a) perceptions of rapid information flow, (b)
leadership response to feedback, and (c) how decision-making speeds have changed.

. Focus Groups:

o One cross-functional session (6-8 participants), spanning customer service,

software engineering, and product management.

o Explores group-level experiences with leadership adaptability, communication
openness, and innovative mindset.

Qualitative data are thematically analyzed to identify patterns (Braun & Clarke, 2006). Insights
from this analysis help in defining fuzzy rule bases and membership functions (e.g., “Employees
frequently describe feedback loops as ‘rapid’ or ‘sudden’ — fosters a ‘High’ membership in
‘Rapid Information Flow’”).

Quantitative Methods

. Surveys:Each of the 5 illustrative participants (E1-ES5) rates Rapid Information Flow
(RIF), Decision Loop Efficiency (DLE), Leadership Adaptability (LA), Communication
Openness (CO), and Innovative Mindset (IM) on a 0—10 numerical scale.

. Structured Observation Metrics:Observers record average decision-making time (in
hours or days), number of hierarchical steps needed for approvals, and frequency of team
updates. These observations can be cross-validated with survey responses to improve
measurement accuracy.

For this demonstration, the experimental numeric data for E1-E5 were presented previously:

Employee | RIF | DLE |LA [ CO |IM
El 7.5 8.0 6.0 |70 |55
E2 65 |70 50 6.0 |65
E3 4.0 |55 35 (4.0 |45
E4 85 19.0 80 |85 |70
E5 6.0 |65 45 |55 |50

Table 2: Employee Experimental Numerical Data
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228 Using Fuzzy Analytics to Evaluate Organizational
Fuzzy Analytics Techniques

Building on the conceptual model and operational definitions introduced earlier, this section
provides a high-level, conceptual explanation of how fuzzy logic is applied—without delving
into programming syntax.

Overview of the Fuzzy Logic Steps
(i) Fuzzification

. Each cultural variable (LA, CO, IM) and cybernetic feedback factor (RIF, DLE) is
converted from a 0—10 crisp score into fuzzy membership degrees (Low, Medium, High).

. For instance, if RIF = 6.5, it may partially belong to Medium (with membership degree
0.25) and High (with membership degree 0.75), depending on the shape of the membership
functions (Zadeh, 1965).

(ii) Inference (Rule Application)

. IF (RIF is High) AND (DLE is High) THEN (Feedback Strength is High).
. IF (Feedback Strength is High) THEN (LA, CO, IM are likely High).
. These rules are derived from both thematic coding of qualitative data (e.g., employees

describing frequent, fast feedback loops) and theoretical expectations (e.g., Beer, 1972; Wiener,
1948).

(iii) Aggregation of Rule Outcomes

. The membership values from multiple rules are combined (often using a fuzzy OR or
other aggregator) to determine the final fuzzy output sets, such as “Culture Shift Index (CSI).”

(iv) Defuzzification

. The fuzzy outputs (e.g., membership in Low, Medium, or High culture shift) are
converted into a single crisp score.

. Methods like the centroid or maximum membership technique are often used (Ross,
2010).

= This final CSI might be represented on a 0—10 scale.
Criteria and Weight Assignments for Cultural Indicators

Because not all cultural indicators carry the same importance, certain weights may be assigned
based on organizational priorities (e.g., (Wp4 > wee if the firm  views
Leadership Adaptability as more critical to transformation):

° Let w4 = 0.30,wco = 0.25, wp = 0.20.

. Conversely, the two cybernetic feedback factors may also have weights reflecting their
relative impact on the culture shift: wg;r = 0.15 and wp,;p = 0.10.

. The sum of weights =0.30+0.25+0.20 + 0.15 + 0.10 = 1.0.

(These values are small sample; in practice, weighting decisions might come from expert
interviews or a group consensus method like the Delphi technique.)
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Mathematical Illustration With the Hypothetical Dataset

Below is an example step-by-step demonstration of how membership grades and weights might
combine to yield a Culture Shift Index (CSI):

(i) Average Scores (already computed):
RIF,yg = 6.5, DLEsg =7.2, LAgyg =54, COuyg =62, IMy,e=57
(ii) Fuzzification

Suppose the membership functions (Low, Medium, High) are shaped such that, for RIF =

avg
6.5:
Hrow(6.5) = 0, Uyiedium (6:5) = 0.25, uyign (6.5) = 0.75
Similar values are determined for each variable.
(iii) Determine Fuzzy Feedback Strength (FS)
. Using rules: IF (RIF is High) AND (DLE is High) THEN (FS is High).
. Let pyy;q, (RIF ) = 0.75 and pyy;, (DLE ) = 0.80.
. For an AND operation, we typically take the minimum operator in classical fuzzy logic:
Puigh (FS) = min(0.75,0.80) = 0.75
(iv) Link Feedback Strength to Cultural Indicators
o IF (FS is High) THEN (LA, CO, IM are High).
. Let upigh (FS) = 0.75. This membership degree influences the "High" membership for
LA, CO, IM.
(v) Partial Adjustments Based on Actual Scores
. Since LAyg = 5.4 is borderline between Medium and High, we do a combined
inference:
. If FS is High, LA should increase. But LA's crisp score is only 5.4, indicating partial
membership in Medium.
. The resulting membership for LA might reflect a "moderately high" shift (membership
near 0.50 in High, for instance).
(vi) Weighted Aggregation
. Each indicator's fuzzy membership in "High" is combined with its weight. For instance,

if LA's defuzzified value is 6.0,CO is 6.7, IM is 5.9, RIF is 6.5, and DLE is 7.2, we might
compute a composite Culture Shift Index, CSI, as:

CSI = WA 60 + Weo * 67 + Wiy 59 + WRIF 65 + WpLE * 72
=0.30%x 6.0+ 0.25x%x6.74+0.20%x 59+ 0.15%x 6.5+ 0.10 X 7.2
=180+ 1675+ 1.18 4+ 0.975 4+ 0.72 = 6.35
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. Thus, the overall Culture Shift Index (CSI) is 6.35 out of 10, suggesting a moderate-to-
high shift in culture thus far.

Through these fuzzy logic steps—fuzzification, inference, and defuzzification—the
methodology captures gradual cultural changes tied to cybernetic feedback loops, avoiding the
oversimplifications of purely binary or linear models.

Summary

. Mixed-Methods Case Study: Balances qualitative exploration (interviews, focus
groups) with quantitative surveys and observations.

. Case Context: A medium-sized tech firm seeking a faster, more adaptive culture via
real-time feedback loops—a textbook example of cybernetic transformation.

. Data Collection: Utilizes both subjective perceptions (survey items, interviews) and
objective metrics (observation-based measures of decision speed).

. Fuzzy Analytics:

o Translates raw scores into fuzzy sets, handles ambiguities in cultural

phenomena, and produces a single Culture Shift Index (CSI).

o Step-by-step calculations highlight how membership degrees and weights for
different variables integrate into a final, quantifiable measure.

By combining cybernetic theory, organizational culture frameworks, and fuzzy logic, this
methodology offers a powerful toolset for analyzing the subtleties of culture change in a dynamic
technological environment.

Data Analysis and Results

Descriptive Analysis of Culture Indicators

Summary of Key Themes From Interviews and Surveys
(i) Qualitative Insights

. Frequent Feedback: Interview respondents consistently highlighted an increase in
feedback channels following the organization’s implementation of real-time dashboards and
weekly stand-up meetings. Managers reported feeling “more in touch with team sentiment” and
“able to adjust goals faster,” aligning with the concept of cybernetic self-regulation (Beer,
1972).

= Leadership Adaptability: While most participants noticed an uptick in leadership
responsiveness to team concerns, a few employees expressed skepticism about /ong-ferm
commitment to these new practices (Khan et al., 2019). This nuance suggests partial
transformation, reinforcing the need for fuzzy measures to capture the “in-between” states.

. Communication Openness: Focus group discussions revealed that cross-department
collaboration improved, but some individuals still felt reluctant to voice dissent in larger forums.
This tension points to a mixed perception—some employees describe open communication as
“good but not perfect,” exemplifying the type of partial membership that fuzzy logic can
accommodate.
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(ii) Quantitative Survey Findings

. As presented previously, a small illustrative dataset of 5 employees (E1-E5) provided
numeric evaluations (0—10) of Rapid Information Flow (RIF), Decision Loop Efficiency (DLE),
Leadership Adaptability (LA), Communication Openness (CO), and Innovative Mindset (IM).

. Initial descriptive statistics for these variables (mean, standard deviation) indicated a
trend toward moderate-to-high levels of each construct, suggesting that the organization’s recent
interventions have had a positive effect on overall culture change.

Mean | Standard Deviation
Variable
RIF 6.5 1.59
DLE 7.2 1.32
LA 54 1.53
CO 6.2 1.62
M 5.7 1.02

Table 3: Statistical Indicators for These Variables (Mean, Standard Deviation)
Identification of Patterns Aligning with Cybernetic Principles

. Feedback Loop Responsiveness: Employees who reported high RIF and high DLE also
tended to perceive strong leadership adaptability (LA). This pattern supports a cybernetic
perspective—frequent, efficient feedback loops appear correlated with leaders’ ability to learn
and adjust in near real-time (Wiener, 1948).

o Systemic Adaptation: Qualitative interviews mentioned that “management is more
willing to pivot strategy mid-project,” reflecting the presence of negative feedback that corrects
deviations and positive feedback that encourages innovation (Beer, 1972).

. Partial Gaps: Though the aggregated data show moderate or high means, individual
responses varied more widely for LA and IM. Some employees see significant changes in
leadership style, while others remain unconvinced about the depth of transformation—
highlighting the fuzzy, transitional nature of cultural shifts.

Fuzzy Model Application
Explanation of How Qualitative Inputs Were Converted to Fuzzy Variables
(i) Qualitative to Linguistic Terms

. Interview Themes: Phrases like “very quick” or “slightly delayed” in describing
information flow were mapped to a rough scale of {Low, Medium, High} with boundaries fine-
tuned via thematic analysis (Braun & Clarke, 2006).

. Focus Group Perceptions: Descriptions of leadership were coded as “traditional,”
“somewhat flexible,” or “very flexible,” aligning with a fuzzy scale for Leadership Adaptability.

(ii) Defining Membership Functions

] Each construct (RIF, DLE, LA, CO, IM) was fuzzified into three membership
functions—Low, Medium, and High—over a 0—10 domain.
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= For example, a triangular membership function for Medium might peak around 5.0, with
zero membership below 3.0 or above 7.0. This ensures that “somewhat flexible” or “slightly
faster feedback™ do not abruptly switch from Low to High but transition gradually (Ross, 2010).

Key Fuzzy Rules Derived From Organizational Feedback Loops
Building on cybernetic logic (Beer, 1972; Wiener, 1948) and thematic findings:

n Rule 1: IF (RIF is High) AND (DLE is High) THEN (Feedback Strength is High).

= Rule 2: IF (Feedback Strength is High) THEN (LA, CO, IM are High).

. Rule 3: IF (RIF is Medium) OR (DLE is Medium) THEN (Feedback Strength is
Medium).

. Rule 4: IF (Feedback Strength is Low) THEN (LA, CO, IM are Low).

In practice, these rules are supplemented with additional context from interviews (e.g., certain
statements might suggest partial membership in High for RIF, but employees find decision loops
only “moderately efficient,” leading to a combined effect for Feedback Strength).

Findings on Culture Shift
Fuzzy Membership Values Indicating Magnitude of Cultural Change
(i) Sample Aggregated Fuzzification

. From the small dataset (E1-E5) used as an example, we derived average scores for each
variable. Suppose we interpret those average scores using membership functions:

Variable | Avg. Score | tiow | Eymed | Ruigh

RIF 6.5 0.00 |0.25 |0.75

DLE 7.2 0.00 |0.10 | 0.90

LA 5.4 0.05 |0.70 | 0.25

CO 6.2 0.00 |0.45 |0.55

M 5.7 0.10 | 0.60 | 0.30

Table 4: Average Score for Each Variables with Their Membership Functions

. Interpretation:
o RIF = 6.5 has a moderate membership in Medium (0.25) but a higher membership in
High (0.75).
o LA = 5.4 lies mostly in Medium (0.70), reflecting partial shift—leaders are adapting,

but not all employees view leadership as fully transformed.

(ii) Rule-Based Inference

Rule 1: (RIF is High) AND (DLE is High) — (Feedback Strength is High).
min(0.75,0.90) = 0.75. So, the membership degree forFeedback Strength is 0.75.
Rule 2: (Feedback Strength is High) — (LA, CO, IM are High).

This sets an upper bound on the potential membership in “High” for these cultural variables.
However, if the actual membership in “High” for LA is only 0.25 (from direct survey data), the
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fuzzy system merges (e.g., using the fuzzy OR operator) these influences, resulting in an
adjusted membership in “High” for LA.

(iii) Defuzzification

If we convert overall membership for each cultural variable into a crisp score, we might find a
Culture Shift Index (CSI) in the 6.0-6.5 range, indicating a moderate-to-high shift. This aligns
with employees’ impressions that the organization is changing, but not all areas are fully
matured.

Visualization of Results

The following figure 3 demonstrates how one might visualize the final, crisp Culture Shift Index
(CSI) for each variable using a simple bar chart.
0

A ( M ) LI
Variables

Figure 3. Defuzzified Scores for Cultural Indicators and Cybernetic Feedback Factors

This bar chart displays the final crisp scores for each variable (Leadership Adaptability,
Communication Openness, Innovative Mindset, Rapid Information Flow, Decision Loop
Efficiency). The data suggest that Rapid Information Flow and Decision Loop Efficiency are
relatively high, while Leadership Adaptability and Innovative Mindset hover around moderate
scores.

Interpretation:

= The organization exhibits strong feedback loops, as indicated by higher scores for RIF
and DLE.

. Culture shift is taking place, but leadership and innovation aspects (LA, IM) have not
fully caught up to the technical feedback improvements.

Managerial Implication:

= Emphasize continuous leadership development programs and encourage risk-taking or
creative thinking to enhance the Innovative Mindset.
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= Maintain and improve rapid feedback channels, given their proven role in driving
adaptability (Beer, 1972).

Key Takeaways From Data Analysis and Results

() Qualitative-Quantitative Triangulation:

. Interviews and focus groups provided depth, clarifying how employees perceive
changes.

. Surveys and observations offered measurable parameters, facilitating the fuzzification

of culture-related constructs.
(i) Alignment With Cybernetic Theory:

. Findings underscore the critical role of rapid, efficient feedback loops (RIF, DLE) in
shaping cultural shifts.

. Adaptive leadership and open communication are partially realized, reflecting ongoing
(rather than completed) transformations.

(iii)  Utility of Fuzzy Analytics:
. Partial memberships in Low, Medium, High categories allowed for more nuanced

readings of culture change, capturing incremental progress.

. The Culture Shift Index provides a snapshot of how far along the organization is on its
journey from “rigid” to “adaptive,” measured on a 0-10 scale.

Overall, these results validate the conceptual model’s proposition that cybernetic feedback
mechanisms significantly influence organizational culture, and fuzzy analytics is a powerful
methodological tool to quantify and interpret the gradual nature of this transformation.

Discussion
Interpretation of Key Results
Cybernetic Processes and Cultural Transformation

One of the primary insights from this study is that cybernetic feedback loops (i.e., rapid
information flow, efficient decision-making) act as strong catalysts for cultural change. Through
the fuzzy analytics framework, it became evident that these loops enable organizations to self-
regulate by continuously adjusting leadership strategies, communication patterns, and
innovative processes. This aligns with Beer’s (1972) conceptualization of the adaptive “brain”
in an organization and Wiener’s (1948) emphasis on communication and control.

o Rapid Information Flow (RIF) allowed managers to identify operational challenges
early, thereby reducing response time and increasing flexibility in leadership decisions.

o Decision Loop Efficiency (DLE) fostered a culture that prizes transparency and
autonomy, often flattening hierarchies and encouraging bottom-up feedback.

Over time, these findings suggest that robust cybernetic mechanisms elevate leadership
adaptability and communication openness—two pivotal culture shift indicators. However,
Innovative Mindset (IM) showed a moderate shift, indicating that risk-taking and creative
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exploration might require a longer timeline or more focused interventions to reach high levels
of membership in the fuzzy spectrum.

Utility of Fuzzy Analytics in Capturing Subtle, Subjective Shifts

The study underscores the value of fuzzy analytics for measuring the gradual, non-binary nature
of cultural transformations. Traditional quantitative models might categorize leadership style as
either “adaptive” or “not adaptive,” but the fuzzy approach highlights degrees of adaptation—a
crucial distinction when cultural shifts are in progress rather than fully established (Zadeh, 1965;
Ross, 2010).

. Partial Membership: Employees could view communication as “somewhat open” or
leadership as “moderately flexible,” which is more accurately reflected in membership values
such as fyeqium = 0.70 or pyign = 0.30.

o Integration of Qualitative Data: By translating interview themes and focus group
insights into linguistic variables (e.g., “quick feedback,” “somewhat delayed”), the fuzzy system
captures a rich spectrum of employee experiences.

This nuanced perspective is especially vital in dynamic, technology-driven contexts, where
small changes can accumulate over time to influence major shifts in organizational culture.

Implications for Theory and Practice
Enhancement of Existing Organizational Culture Theories

. Fuzzy-Cybernetic Integration: The findings broaden existing organizational culture
theories by incorporating the adaptive, feedback-driven logic of cybernetics with a fuzzy lens on
cultural variables. This hybrid approach addresses the ambiguities and gradual evolutions that
classical models (e.g., the competing values framework or stage-based models of culture change)
often oversimplify.

) Continuous, Feedback-Oriented View: By viewing culture through iterative cycles of
action and reaction, this study positions organizational culture as an ongoing process rather than
a static entity—resonating with modern theories that emphasize learning organizations and
systems thinking (Senge, 1990).

Actionable Recommendations for Managers, HR Departments, and Change Agents

. Invest in Real-Time Feedback Infrastructure: Tools like dashboards and short
decision loops amplify the ability to detect and respond to cultural undercurrents quickly.Regular
“pulse checks” can capture subtle shifts, feeding data into fuzzy models that yield more precise
culture metrics.

= Tailor Leadership Development: Encourage leaders to experiment with adaptive
styles, measured and refined by fuzzy feedback on their adaptability levels.Provide coachingor
mentoring focused on translating high-speed feedback into meaningful strategic adjustments.

. Facilitate Incremental Innovation: Recognizing that /nnovative Mindset may evolve
more gradually, managers can create sandboxes or pilot programs for experimentation, then
leverage fuzzy analytics to gauge partial successes or failures.
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= Institutionalize Continuous Communication: Frequent updates, transparent meetings,
and cross-functional interactions help ensure that feedback loops remain robust and do not revert
to old hierarchical patterns.

Limitations of the Case Study
Constraints of Single or Limited Cases

While the selected organization (and illustrative dataset of 5 employees) offers practical
richness, it inherently limits the generalizability of findings. Different industries, cultural
contexts, or larger sample sizes might reveal other nuances—especially in very large or globally
dispersed firms.

Possible Biases in Qualitative Data and Membership Function Definitions

o Interview and Focus Group Bias: Participants may present socially desirable responses,
especially if they sense managerial oversight. This can affect how membership degrees in fuzzy
sets (Low, Medium, High) are defined.

o Subjective Membership Function Choices: Triangular or trapezoidal shapes for
membership could yield slightly different results. While fuzzy logic is flexible, the system still
relies on human judgment and expert input to design membership functions.

6.3.3. Considerations for Generalizability of Findings

o The mixed-methods approach strengthens internal validity but may not fully capture
cultural phenomena unique to other sectors (e.g., manufacturing, nonprofit, government).

o Future researchers should replicate this framework across diverse organizational sizes,
industries, and cultural backgrounds to validate and refine the model’s broader applicability.

Conclusion
Summary of Contributions

This paper makes several contributions to organizational culture research in cybernetic contexts,
offering a fuzzy analytics-based methodology for capturing incremental and subjective changes:

. Theoretical Enrichment. Integrating cybernetic theory with fuzzy logic provides a
dynamic and ambiguous-friendly lens for analyzing how feedback loops reshape organizational
norms and values.

. Methodological Innovation: By demonstrating a step-by-step fuzzy approach
(fuzzification — inference — defuzzification) with both qualitative and quantitative inputs, the
study showcases how partial and evolving states of culture can be numerically evaluated.

. Practical Relevance: Managers and HR practitioners can use fuzzy metrics (e.g.,
Culture Shift Index) to monitor transformation, anticipate resistance or plateaus, and allocate
resources more effectively.

Recommendations for Future Research

. Diverse Organizational Contexts: Examining how fuzzy-cybernetic models function in
industries like healthcare, manufacturing, or nonprofits may expose new dimensions or refine
membership functions for specialized cultural variables (e.g., safety culture, compliance
culture).
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= Longitudinal Studies: Tracking culture shifts over longer timeframes (e.g., 1-3 years)
would validate whether initial spikes in adaptability or communication openness lead to
sustained innovation or gradually regress.

. Complex Fuzzy Models: Future research could integrate Type-2 fuzzy systems or neuro-
fuzzy approaches to capture even more complex interactions among leadership, technology
adoption, and employee sentiment.

. Cross-Cultural Comparisons: Conducting cross-cultural research (e.g., comparing
different national or regional subsidiaries) could reveal how distinct socio-cultural norms
influence the fuzzy thresholds for adaptive or innovative behaviours.

Final Remarks

The growing complexity of technological and social environments necessitates interdisciplinary
approaches that can handle uncertainty, feedback loops, and human subjectivity. By weaving
cybernetics and fuzzy analytics into the study of organizational culture, this paper underscores
the importance of dynamic, flexible models that reflect the true nuances of cultural
transformation. As organizations increasingly rely on rapid feedback mechanisms, data-driven
insights, and adaptive leadership, fuzzy-cybernetic frameworks promise to become essential
tools for shaping and understanding the evolving workplace.
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