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Abstract

This research explores translation dynamics through the innovative lens of chaos theory, focusing
on how the butterfly effect manifests in linguistic transfer. By challenging traditional linear
translation models, the study demonstrates how seemingly minor initial conditions can generate
profound, cascading interpretive consequences across textual landscapes. Adopting a complexity
science perspective, among others, the research examines translations of Rumi’s Masnavi and
Camus’s L’Etranger to highlight translation’s inherently nonlinear and adaptive nature. The
theoretical framework integrates insights from complexity science, poststructuralist theory, and
translation studies, offering a sophisticated analytical approach that moves beyond reductive binary
conceptualizations. Using purposive theoretical sampling, the study traces how subtle translation
choices recursively shape semantic and cultural interpretations. By emphasizing translation’s
sensitivity to initial conditions, the research contributes to emerging scholarship that views
translation as a complex, dynamic system characterized by intricate interactive processes.
Methodologically, the study employs qualitative case analyses to reveal the profound complexity of
translation.
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1. Introduction

Within Translation Studies, recent engagements with complexity science have introduced an
innovative analytical framework for examining translation dynamics. Translators have long
recognized that nuanced decisions can profoundly shape a translation’s trajectory, yet few have
systematically investigated these effects through chaos theory—specifically, the butterfly effect.
This foundational concept illustrates how minute variations in initial conditions can precipitate
substantial, often unanticipated results. Originally conceived in meteorological research, where a
butterfly's wingbeat might theoretically trigger a distant tornado, this conceptual model provides a
compelling lens for understanding how individual translation choices collectively influence textual
meaning.

While numerous studies acknowledge the significance of initial decisions in translation, this
research distinguishes itself by applying the butterfly effect as a rigorous analytical model. Through
targeted case examinations, it demonstrates how preliminary choices generate translation
turbulence, creating intricate patterns and feedback mechanisms that reverberate throughout the
text. These interactions capture the recursive nature of translation, where early decisions
continuously shape subsequent choices, forming a nonlinear system reminiscent of chaotic
phenomena in physics and biological research.

Scholars integrating complexity science, particularly chaos theory, have begun
conceptualizing translation as a dynamic, adaptive process that transcends traditional linear models
of meaning transfer. Pioneering works by researchers like Marais and Meylaerts (2019) explore how
principles such as self-organization and emergence mirror the evolving nature of translation
decisions. However, despite these insights, few studies explicitly employ the butterfly effect to
analyze how minor choices can catalyze significant interpretive transformations. This research seeks

to bridge this critical scholarly gap.

1.1. Research Questions and Objectives

This study seeks to address the following specific research questions:
1. How do initial translation choices generate cascading interpretive consequences in texts?
2. In what ways can chaos theory, specifically the butterfly effect, provide a more nuanced
understanding of translation dynamics?
3. How do nonlinear system characteristics manifest in translation processes across different
linguistic and cultural contexts?
These research questions guide our investigation into the complex, adaptive nature of
translation, moving beyond traditional linear models to explore the intricate interactions that shape

linguistic transfer.
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2. Literature Review: Innovating Translation Theory through Chaos Dynamics

Chaos theory, a revolutionary conceptual framework emerging in the late 20th century,
provides a sophisticated method for analyzing complex systems characterized by nonlinear
dynamics and extreme sensitivity to initial conditions (Gleick, 1987). This theoretical approach
challenged established deterministic models by revealing how microscopic variations can
precipitate substantially divergent outcomes over time. Originally developed within mathematical
and meteorological research, chaos theory rapidly expanded its interdisciplinary relevance,
uncovering intricate patterns within seemingly random phenomena across ecological, economic,
and translational domains (Stewart, 1989).

Within translation studies, chaos theory—particularly its conceptual apparatus of butterfly
effects, fractal geometry, and self-organizational dynamics—illuminates the fundamentally
unpredictable nature of linguistic transfer. Comparable to its transformative impact on scientific
thought, chaos theory compels translation theorists to reconceptualize translation as a complex,
adaptive system. Preliminary translation decisions, akin to subtle perturbations in chaotic systems,
can generate cascading effects that profoundly reshape a text’s ultimate configuration—a
phenomenon scholars term “translation turbulence.” Translators navigate this process through
recursive structural interactions and emergent self-organizing elements that reflect the profound
complexity inherent in translated texts.

The theoretical framework of chaos theory, with its emphasis on nonlinear systems’
sensitivity to initial conditions, offers a compelling interpretive lens for understanding translation
dynamics. In such systems, infinitesimal variations in starting conditions can generate dramatically
divergent outcomes across temporal progressions. The archetypal “butterfly effect” metaphor—
wherein a butterfly’s wing movements in Brazil might catalyze a chain of atmospheric events
culminating in a tornado in Texas—eloquently illustrates this principle of disproportionate causal
relationships. This sensitivity becomes comprehensible through concrete phenomenological
examples. Consider a multi-jointed pendulum: an imperceptible modification in the initial
propulsive force generates entirely distinct swing trajectories as each joint’s movement recursively
influences subsequent motions, resulting in complex, fundamentally unpredictable kinetic patterns.

The theoretical framework, when applied to translation, reveals how initial interpretive
decisions fundamentally structure the entire translation process. The preliminary hermeneutic
approach to a source text operates as a critical generative condition that recursively influences
subsequent translational choices (Ata & Queiroz, 2016; Marias, 2014; Marais & Meylaerts, 2019,
2022). Consider the translation of cultural references in literary texts: a translator’s initial
methodological choice regarding domestication or foreignization of cultural elements generates
cascading transformative effects across the textual landscape. When a translator chooses to adapt
cultural elements to the target culture’s discursive conventions early in the process, this strategic

decision often requires corresponding adaptive interventions to maintain interpretive coherence.
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Such choices ultimately produce markedly distinct textual configurations compared to translations
that preserve source culture references in their original form.

These divergent translational outcomes reflect the profound sensitivity to initial conditions
observed in complex systemic environments. Similar to subtle market condition variations
generating significant economic transformations, nuanced differences in a translator’s preliminary
conceptual understanding can precipitate substantively different final textual configurations. This
parallel reinforces the argument that translation processes inherently exhibit characteristics of
nonlinear systems, where outcomes demonstrate a fundamentally non-proportional relationship to
initiating inputs. This nonlinear dynamism finds further expression in the fractal patterns intrinsic
to translational processes.

Fractals represent geometric configurations characterized by recursive self-similarity and
structural complexity across multiple scales. As a foundational concept within chaos theory, fractal
geometry eloquently captures the intricate, recursive nature of chaotic systems (Bradley, 2016).
Natural phenomena frequently display fractal properties (Mandelbrot, 1983), illustrated by tree
branching structures, where analogous morphological patterns recur from expansive branches to
the most diminutive twigs, with each structural level resonating with the holistic organizational
principle.

Within translation studies, this fractal conceptualization reveals a profound parallel in
literary textual structures. Literary works often embody stratified meaning layers and recurrent
configurational patterns that resonate with fractal dynamics. Marquez’s One Hundred Years of
Solitude epitomizes this principle through its cyclical narrative architecture, presenting thematic
and structural motifs that reverberate across generational narratives. The novel’s persistent themes
of solitude, political violence, and familial interconnectedness manifest across multiple scalar
iterations—from individual character trajectories to broader historical phenomenological
representations. When translating such complex literary works, translators must carefully recognize
and preserve the recursive patterns forming a text’s structural foundation.

Strange attractors from chaos theory offer additional insight into translation dynamics,
representing recurring patterns within chaotic systems that function as gravitational points for
system behavior over time. These patterns, though appearing irregular, demonstrate the bounded
yet unpredictable nature of complex systems (Cencini et al., 2010; Prigogine & Stengers, 2018).

In translation studies, strange attractors emerge through distinctive patterns in specialized
legal discourse translation. These translations reveal intricate linguistic ecosystems where juridical
integrity and transnational legal hermeneutics converge. Despite individual translation variations,
specialized legal translations consistently manifest recurrent patterns in terminology, conceptual
framing, and interpretive strategies—arising from the dynamic interplay of comparative legal
epistemologies, linguistic affordances, and translational pragmatics.

The systemic dynamics of translation are further elucidated through self-organizational

processes, where coherent structures spontaneously crystallize via recursive feedback mechanisms.
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Chaotic systems inherently generate complex patterns through dynamic interactions,
fundamentally shaping their evolutionary trajectory (Gleick, 1987). The phenomenon of thermal
convection offers a revealing analogue: when heated, fluid molecules self-organize into hexagonal
cell patterns, demonstrating how intricate structures can emerge from simple physical interactions
(Johnson, 2004). These strange attractors establish fluid boundaries within translation systems,
permitting nuanced variation while maintaining underlying structural coherence.

Within translation studies, self-organization and feedback loops manifest most visibly in
collaborative translation environments. Professional translation teams engaged in large-scale
projects embody this phenomenon through the development of shared glossaries and style guides.
As translators encounter and systematically resolve translation challenges, their solutions
recursively feed into the team’s collective knowledge, creating an adaptive and self-organizing
translation resource. Major software localization projects exemplify this dynamic, revealing how
translation memories and terminology databases emerge organically through translator
interactions, gradually establishing consistent linguistic patterns across complex documentation
landscapes.

Complex translation systems reveal intricate self-organizing behaviors through emergent
phenomena, where sophisticated patterns arise from the interactions of simpler systemic
components—a fundamental principle in chaos theory. Emergence describes how complex
behaviors and patterns develop through the nuanced interactions and feedback loops of system
elements, characterized by nonlinear dynamics that generate unpredictable outcomes (Johnson,
2004). Cloud formation serves as a compelling illustration: individual water molecules, adhering to
fundamental physical principles, collaboratively generate intricate cloud structures that cannot be
comprehensively understood through molecular-level analysis.

These theoretical principles resonate with Toury’s probabilistic laws of translation (1995),
particularly the laws of growing standardization and interference. The law of growing
standardization suggests that translations naturally converge toward conventional target-language
patterns, while the law of interference indicates that source text features are frequently transferred
to the target text. Such laws represent emergent phenomena arising from countless individual
translation decisions, demonstrating how complex systemic behaviors crystallize from intricate
interactive processes.

Translation universals—proposed characteristics consistently observed across translated
texts, irrespective of linguistic pairings (Baker, 2019)—further illuminate emergent properties
within translation systems. These universals, including explicitation, simplification, and
normalization, materialize as collective patterns emerging from translators’ individual choices. The
universal of explicitation, wherein translated texts tend to exhibit greater explicit characteristics
(Blum-Kulka, 1986), exemplifies an emergent property rather than a consciously implemented

strategy.
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Chaos theory provides a nuanced analytical framework that illuminates translation’s
inherent complexity, extending beyond descriptive translation studies’ traditional focus on norms
and universals. Translation emerges as a dynamic system where multiple elements continuously
interact and mutually influence each other, generating outcomes that are simultaneously patterned
and unpredictable (Pym, 2014). This perspective challenges linear conceptualizations of translation,
emphasizing instead the critical roles of initial conditions, language’s fractal characteristics,
translation patterns’ strange attractors, and self-organizing feedback mechanisms.

This theoretical integration profoundly reshapes our conception of translatorial practice.
Translators are no longer viewed as passive intermediaries but as active participants navigating
intricate networks of linguistic, cultural, and contextual variables. Their decisions, shaped by both
initial condition sensitivities and internalized translation norms, can generate divergent yet equally
legitimate translation outcomes while simultaneously manifesting consistent universal features.
This perspective recognizes translation as a generative, adaptive process characterized by

sophisticated interactive dynamics rather than a mechanistic transfer of linguistic content.

3. Methodological Approach: Theoretical Modeling and Analytical Framework

This research adopts a complexity-oriented methodology to examine translation as a
dynamic, adaptive system, challenging conventional empirical approaches. Drawing on Marais and
Meylaerts’s (2019) insights into complexity thinking, it moves beyond traditional paradigms to
explore nonlinear translational dynamics.

Using purposive theoretical sampling, the study analyzes translations of Rumi’s Masnaviand
Camus’s Lﬁtranger as case studies, offering fertile linguistic landscapes for investigating the
butterfly effect in translation.

The analytical framework integrates two key strategies: comparative textual analysis and
theoretical mapping. Comparative analysis traces interpretive cascades resulting from linguistic
choices, highlighting how minor variations generate significant semantic shifts. Theoretical
mapping synthesizes concepts from chaos theory, complexity science, and translation studies to
construct an interpretive framework for nonlinear translational behavior.

Validation is established through theoretical coherence, explanatory power, and alignment
with scholarly discourse in translation studies and complexity science. Prioritizing qualitative
insights over statistical generalizability, the study aligns with poststructuralist perspectives that

conceptualize translation as an emergent, adaptive process.
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4. Methodological Paradigms in Translation Theory: Challenging
Linear Models

Translation operates as a complex interaction between languages, cultures, and
interpretations, mirroring the intricate behavior of natural systems. This complexity challenges
conventional theoretical frameworks, particularly given the numerous variables shaping translation
processes. Recent developments in complexity science—specifically chaos theory—offer valuable
insights into translation dynamics, demonstrating how subtle variations can lead to significant
transformative effects.

This study critically examines the limitations of linear translation models through a
complexity theory lens. Traditional frameworks, grounded in binary classifications, parallel early
reductive approaches to natural systems. Just as chaos theory revolutionized scientific perspectives
on dynamic systems, it provides innovative strategies for understanding translation’s intricate
processes.

The inherent complexity of translation fundamentally conflicts with the reductionist binary
models prevalent in translation theory (Cronin, 2009; Gentzler, 2012). Translators navigate a
multidimensional landscape of linguistic elements, cultural contexts, textual features, authorial
intent, and reader reception—requiring nuanced decision-making beyond rigid dichotomies.
Conventional discourse has often oversimplified translation into binary oppositions: form versus
meaning, foreignization versus domestication, and fidelity versus creativity. As Gentzler (2012)
observes, these distinctions reflect entrenched assumptions about translation quality and
methodology.

The origins of binary models trace back to classical Western thought. The distinction
between word-for-word and sense-for-sense translation, introduced by Cicero and refined by
Jerome, established a dualistic framework that influenced subsequent theories. Rooted in
Aristotelian logic, these models fail to capture translation’s complex, adaptive nature.
Contemporary research increasingly conceptualizes translation as a dynamic system, shaped by
nonlinear, emergent interactions (Marais & Meylaerts, 2018). This perspective offers a more
comprehensive understanding of how translations materialize through sophisticated linguistic,
cultural, and cognitive interactions.

Binary models persist due to their conceptual simplicity and illusion of order in an
inherently complex process. Oppositions such as foreignization versus domestication or faithful
versus unfaithful present themselves as definitive, reinforcing a linear view of translation. Within
such frameworks, interpretative ambiguity is often dismissed as an epistemological weakness
(Danaher, 2004). Even spectrum-based models, as Pym (1995) notes, remain constrained by the

restrictive logic of binary oppositions.
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These models oversimplify translation by imposing rigid categorizations that fail to account
for the interplay of linguistic, cultural, and contextual factors. In reality, translations often integrate
multiple approaches, existing within a fluid interpretative space that defies simplistic classification
(Blumczynski & Hassani, 2019).

The structuralist influence on translation theory, particularly its reliance on binaries,
originates in Saussure’s (1916/1983) distinctions between langue/parole and signifier/signified.
Jakobson (1959/2004) extended this binary logic to translation through his classification of
intralingual, interlingual, and intersemiotic translation, reinforcing the field’s analytical reliance on
contrast-based models.

Poststructuralist critiques, particularly Derrida’s (1985) deconstruction, expose the
limitations of structuralist binaries. Derrida argues that oppositional categories are not mutually
exclusive but fundamentally interconnected. His concept of différance highlights meaning’s
inherent instability, challenging the rigidity of binary frameworks. Similarly, his notion of
pharmakon—where translation embodies both remedy and poison—demonstrates the complexity
concealed within apparent oppositions. These insights reveal how binary models systematically
oversimplify translation by disregarding its dynamic, multidimensional nature.

Transcending binary models requires a critical reassessment of their foundational
assumptions and the adoption of more fluid, adaptive theoretical approaches. Integrating
poststructuralist insights allows for a more nuanced understanding of translation as an emergent,
context-dependent process. This perspective acknowledges the intricate, reciprocal relationships
between language, text, and culture, positioning meaning-making as an ongoing, adaptive

phenomenon.

5. Translational Dynamics: Emergent Interpretive Trajectories

Building on poststructuralist and deconstructive critiques of traditional translation models,
language emerges as an inherently nonlinear and intricate system. This recognition invites scholarly
engagement with nonlinear sciences that resonate with translation’s complex nature. Beyond
poststructuralist perspectives, disciplines such as game theory, fuzzy logic, Gestalt psychology,
quantum mechanics, and chaos theory offer nuanced insights into language and translation as
adaptive, dynamic systems. Each scientific framework highlights distinctive patterns and
relationships within these intricate communicative processes.

Chaos theory provides a compelling lens for understanding the unpredictable yet structured
nature of translation. This perspective reveals how minor initial variations can generate significant
transformative consequences in linguistic interpretation. The inherent complexity of translation
becomes evident through these nonlinear paradigms, which emphasize the intricate, responsive

nature of linguistic transfer.
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The translational butterfly effect—characterized by translations’ sensitivity to initial
conditions—is particularly evident in specific textual examples. A striking illustration appears in the
translation of Rumi’s Masnavi, particularly its opening word, sz, (Beshno). This seemingly simple
term, which introduces the significant Ney Nameh section, demonstrates how initial translation
choices can profoundly shape the interpretation of an entire literary work.

Translators have rendered Beshno in various ways, each carrying distinct implications:
# “Listen” (Nicholson, 1925; Arberry, 1961; Barks, 1994; Nasr, 2013; Williams, 2020)
# “Hearken” (Winfield, 1887)
# “Hear” (Redhouse, 1881)
# “Pay heed” (Shahriari, 1998)

The selection of these translations introduces profound interpretative complexities. The
word s> (khamoush, meaning “silent”) occupies a central place in Rumi’s work—so integral that
some scholars consider it his signature term. Active listening, distinguished from mere hearing,
forms a critical counterpoint to silence within Rumi’s philosophical framework. The passive
connotation of “hear” inadequately captures the active engagement Rumi’s text demands,
particularly in Ney Nameh, where the reed flute’s narrative calls for a deeply participatory form of
listening beyond surface-level awareness.

This translational sensitivity resonates with Bohm’s (1980) quantum theoretical framework
of explicate and implicate orders. The explicate order manifests through discrete translation
choices—such as “listen” versus “hear’—while the implicate order represents the intricate,
interconnected web of meanings and implications generated by these selections. This conceptual
duality illuminates the nuanced relationship between individual translation decisions and their
broader textual and cultural reverberations.

Peat’s (2002) holographic analogy offers another sophisticated framework for understanding
meaning’s unfolding in translation. Similar to a hologram, where each fragment contains
information about the whole, individual translation choices carry implications that cascade
throughout the entire textual landscape. This holographic principle suggests that translation
decisions, however minute, must harmonize with the text’s overarching meaning and purpose.

The translation process exhibits fractal-like characteristics, with patterns of meaning and
interpretation recurring across different textual layers. As Harding (2019) observes, this self-
similarity emerges through interconnected narrative structures, demonstrating simultaneous self-
containment and interpretative openness. Rumi’s Masnavi exemplifies this fractal nature, where
individual words and passages reflexively reflect and reinforce the work’s broader thematic
complexity.

Translation exists within Bohm’s concept of “universal flux”—a perpetual state of
transformation shaped by cultural, temporal, and interpretative dynamics. This perspective
challenges static translation approaches, instead proposing that meaning emerges through dynamic

interactions between languages, cultures, and interpretative frameworks. Traditional translation
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analysis tools—binary oppositions and linear continua—prove inadequate for capturing this
inherent linguistic fluidity.

This understanding necessitates a paradigmatic shift in translation studies. Rather than
constraining translation processes within rigid categorical boundaries, scholars must develop
analytical approaches that recognize and embrace the fluid, interconnected dynamics of linguistic
and cultural exchange. This perspective aligns with the implicate order’s emphasis on holistic,
continuous transformation. Translation choices, even at microscopic levels, can generate expansive
interpretive consequences that reverberate throughout texts and their reception.

This phenomenon becomes evident through several illuminating cases that demonstrate
translation’s inherent complexity and sensitivity to initial conditions. Consider Camus’s L’E/tranger,
particularly its opening line, “Aujourd’hui, maman est morte.” The nuanced decision to preserve
maman versus alternative English renderings like “mother” or “mommy” substantially influences
readers’ perception of Meursault’s character and his relationship with his mother. Moreover, the
English translation’s placement of “today” at the beginning of the sentence accentuates Meursault’s
present-focused existentialist perspective (Bloom, 2012). These ostensibly minor linguistic choices
generate profound ripple effects, fundamentally shaping interpretations of the protagonist’s
emotional landscape and philosophical orientation.

Translation errors further illustrate this sensitivity to initial conditions. Farahmand (2014)
documents how a single mistranslation—rendering “Cossacks” as “Kazakhs” in Persian translations
of Sholokhov’s And Quiet Flows the Don—generated significant cultural dissonance. This word
substitution, conflating two distinct Turkic peoples, produced pervasive inconsistencies that
fundamentally altered Persian readers’ textual comprehension.

The translation butterfly effect extends beyond written texts to visual media. Coppola’s Lost
in Translation (2003) strategically omits subtitles during Japanese dialogue sequences, ingeniously
replicating the linguistic isolation experienced by the American protagonist. This deliberate
translational strategy amplifies the film’s themes of cultural disconnection and communicative
barriers, demonstrating how initial creative decisions can profoundly reshape audience experience.

These examples, while seemingly disconnected, collectively illuminate translation as a
complex, nonlinear system where initial decisions generate intricate and often unexpected
interpretive pathways. They highlight the significance of careful deliberation in translation,
recognizing that even subtle choices can profoundly shape cultural understanding and textual

interpretation.

6. Discussion: Interpreting Translational Complexity

The findings of this research contribute to a growing body of scholarship that challenges
traditional linear translation models. By applying chaos theory’s butterfly effect, we have

illuminated the profound sensitivity of translation processes to initial conditions.
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Our analysis of translations from Rumi’s Masnavi and Camus’s L'Etranger reveals how
microscopic linguistic choices generate expansive interpretive cascades. These case studies
demonstrate that translation is not a mechanical transfer of meaning, but a dynamic, adaptive

system where each decision recursively influences subsequent interpretations.

6.1. Comparative Insights

Existing translation theories have predominantly focused on binary frameworks—such as
foreignization versus domestication—that fail to capture the full complexity of translation. In
contrast, our research aligns with recent work by Marais and Meylaerts (2018, 2022), which
conceptualizes translation as a complex adaptive system. This study extends their scholarship by
providing concrete examples that illustrate how nonlinear dynamics operate within translation

processes.

6.2. Theoretical Implications

The butterfly effect perspective challenges reductive translation models, suggesting that
meaning emerges through intricate, recursive interactions among linguistic structures, cultural
contexts, and interpretive methodologies. This approach aligns with poststructuralist insights,

particularly Derrida’s concept of différance, which emphasizes the inherent instability of meaning.

6.3. Interdisciplinary Connections

By bridging complexity science and translation studies, our research opens innovative
pathways for understanding linguistic transfer. The theoretical framework reveals parallels with

other disciplines that explore nonlinear systems, such as quantum mechanics and complexity theory.

7. Conclusions

Recent scholarship has established nuanced connections between complexity science—
specifically chaos theory—and translation studies (Harding, 2019; Hassani & Malekshahi, 2023;
Marais & Meylaerts, 2022). This research builds on that theoretical foundation by examining the
butterfly effect and its multifaceted manifestations within translation processes. Through rigorous
analysis of specific translation examples, the study highlights translation’s inherently complex and
nonlinear epistemological nature.

The butterfly effect provides a sophisticated framework for understanding how initial
translation choices generate expansive interpretive cascades throughout a text. As demonstrated
through multiple case studies, even microscopic linguistic decisions can fundamentally reshape

textual interpretation and cultural understanding. This perspective challenges reductionist
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approaches that treat translation as a linear, technical procedure, instead revealing the intricate
interplay of cultural, contextual, and interpretive variables that dynamically shape translation
outcomes.

While this research offers valuable insights into translation dynamics, its limitations must be
acknowledged. The study primarily employs qualitative case analyses, which, while rich in
interpretive depth, limit broader generalizability. Future research should address this
methodological constraint by developing multi-methodological frameworks that integrate
quantitative validation with complexity-based translation models. Such an approach would enhance
theoretical rigor and encourage interdisciplinary collaboration among translation scholars,
linguists, and complexity theorists.

In particular, researchers could design experimental studies to empirically test the butterfly
effect’s predictive role in translation, bridging the gap between theoretical innovation and empirical
substantiation. By fostering dynamic, interdisciplinary dialogue, future studies can refine, expand,

and critically engage with the theoretical model proposed in this research.
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