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ABSTRACT

This research aims to construct a theoretical model of the cognitive
maps contributing to astronauts’ academic and professional
success. By integrating Interpretative Phenomenological Analysis
(IPA) and grounded theory (GT) to identify in-depth sensemaking
as well as philosophical patterns within key factors, the researcher
conducted nine semi-structured interviews to deepen the inquiry
into astronauts’ life-long narratives. The study introduces an
original cognitive-mapping model comprising three interlocking
systems: the chronosystem, ecosystem, and identity system. It
explores how astronauts define pivotal moments, perceive
environments, and establish self-identity to succeed in academic
study and career development.

To address the analytical challenges of large-scale qualitative data,
this study applies a human—Al collaborative approach, through
which 92 axial categories and 20 selective themes were identified.
Three original frameworks—Heavenly Hour, Terrain Triumph, and
Human Harmony—were established, alongside two substantive
theories and one emerging middle-range theoretical proposition.
The findings further suggest a bicameral theorizing model for
human—AlI qualitative analysis, in which human interpretive depth
and Al-enabled analytical scale converge to support
complementary forms of meaning-making and theory construction.
To operationalize this process, the researcher developed the
GOLDEN Framework, a six-step methodology for ethical and
reflexive human—Al collaboration designed to support rigorous
analysis of large-scale qualitative data and strengthen synergistic
human—AlI learning.
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1. INTRODUCTION

The contemporary challenges including the biological weapon
threats [1, 2], environmental crises, geopolitical tensions [3], and
technological shifts driven by Al have contributed to an education
crisis [4]: how to guide the current and future generations towards
success? Astronauts, as modern-day way finders, with their life
experiences and informed decision-making could delineate a
cognitive map [5] for navigating educational and social landscapes
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in an era marked by unprecedented uncertainty. This study
examines how astronauts perceive pivotal moments, formative
environments, and self-identity, focusing on revealing the
underlying factors that enable them to excel in academic study and
career development. Using a qualitative approach that combines
IPA [6] and GT [7], while IPA grounds the inquiry in the richness
of individual lived experience, GT provides the systematic
scaffolding to build transferable conceptual patterns across cases,
the researcher seeks the shared meanings and emergent conceptual
patterns within their lived experience to address the three research
questions: to have excelled in academic study and career
development, 1) What are astronauts’ pivotal moments? 2) What
are the main environmental factors? 3) How do astronauts define
their self-identity?

2. METHODS
2.1 Sampling, Participants, and Data

Purposive sampling method is chosen to conduct semi-structured
interviews [8], which allows the deliberate selection of individuals
with the specific criteria necessary to address the research
questions. The sample consists of nine retired astronauts who have
travelled to space. Four astronauts’ lifelong partners also consented
to join the project, helping the participant better recall details and
strengthen the depth of the conversation by providing crucial
relational context. The primary astronaut sample includes female
(n=2) and male astronauts (n=7). The average age of total 13
participants (nine astronauts and four partners) is 76. All of the
participants were given a pseudonym unless they explicitly gave
the consent to use their real names.

A research facilitator supported the recording and transcribing with
Voice Recorder & Notes Pro and Adobe Premium Pro for the six
in-person interviews. The researcher applied Google Meets, Team
Meeting to record and transcribe the three virtual interviews. The
average time of each audio-recorded semi-structured interview is
2.56 hours, and the average word count of each transcript is 20,460.
Along with the nine formal interviews, the researchers applied
reflexive journals to analyze data [9].

2.2 Data Analysis

The researcher adopted an iterative human-Al approach to
construct meaning not only accurately but also artistically [10], and
developed the GOLDEN Framework, acronymed for Ground,
Operate, Lead, Deepen, Ethics, and Nature, a six-step ethical and
reflexive protocol for qualitative analysis. Figure 1 shows three
types of Al tools structurally applied, and Table 1 demonstrates
how to operate Al4People Principles across the GOLDEN stages
[11]. Across all three works (Heaven Hour, Terrain Triumph, and
Human Harmony), data saturation was assessed using theoretical
saturation criteria [7] and then using design effect/effective sample
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size framework [12], paired with Silverman’s [13] data density
principles. This dual quantitative—theoretical approach ensures
saturation is justified both by demonstrated conceptual closure
across axial and selective levels and by statistical sufficiency.

To enhance the credibility of the research, the synthesized member
checking in addition to traditional member checking approaches
was adopted [14]. As Spall [15] suggests, the researcher invited
four experts with knowledge of the research but not participants
provide a review of the data collection and analysis to ensure the
absence of bias, adding to the study’s validity. To further increase
the study’s trustworthiness, three external auditors from diverse
professional backgrounds without knowledge of the study are
invited to provide an unbiased examination of the findings,
interpretations, and conclusions [16].
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Table 1. Al4People Principles across Iterative Analysis Stages

Al4People Stage Stage Description
Beneficence | 0-1;1 Data Preparation
Non- .
maleficence 2.1 Al Open Coding
Autonomy 2.2 Human-AI Coding
Justice 23 Preliminary Tl}eoretlcal
Structuring
Non- .
maleficence 3.1 Al Open Coding
Autonomy 32 Human-AI Coding
L Data Saturation Assessment &
Explicability 3.3 Audit Trail Management
Non- .
maleficence 4.1 Al Open Coding
Autonomy 4.2 Human-AI Coding
Explicabilit 4.3; Data Saturation Confirmation and
P Y 4.4 Consolidation
59 Theoretical Framework
Justice 7 Alignment and Theoretical
6.1 S
Validation
Beneficence 5622’ Quantitative Validation
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3. THEORETICAL BACKGROUND

Having identified the four stages of astronauts’ mental
representations, Suedfeld [17] proclaims that space psychology
must undoubtedly maintain its concern with predicting, preventing,
and countering adverse reactions. To truly understand what space
exploration means to those who engage in it, it is necessary to look
at how the explorers respond to challenges. This means that the
early myths- the formative years of astronauts’ experiences with
deliberate decision making are not negligible. Thus, the research
applies cognitive maps to seek key decision-making points through
a whole-life approach to reflect on how personal needs are satisfied
as well as personal values are realized over the life course [18].

3.1 Cognitive Mapping

Edward C. Tolman’s pioneering work introduced the concept of
cognitive maps - mental representations that individuals develop to
understand and navigate their environments [5]. The researcher
then integrates the western cognitive mapping theory and the
Chinese ancient strategic thoughts to achieve success: Heaven,
Earth, and Men.

3.2 Heavenly Hour, Terrain Triumph,

Human Harmony (HTH Model)

Mencius (c. 372 — 289 B.C.) highlighted the superlative
significance of humans in the trio relationship: tian shi is inferior to
terrain triumph, and di li is inferior to rén hé. This ideology
reflecting the Chinese essential worldview of the
interconnectedness of the divine trinity of the universe has been
translated and applied in various fields by Western scholars. Lau
[19] interpreted, “opportune times are not as good as advantageous
terrain; advantageous terrain is not as good as harmonious people.”
Van Norden [20] simplified, “The timing is not as important as the
terrain, and the terrain is not as important as having unity among
the people.” To keep the accuracy as well as fluency, the researcher
translated with the simplest version, “Heavenly Hour matters.
Terrain Triumph more. Human Harmony most.”

Then the interview protocol was formulated based on the HTH
model to explore astronauts’ defining moments, formative
environments, and self-identity. Compared to Piaget’s learning
stages theory [21] and Vygotsky’s development of learning zones
[22], the researcher gives voices to the participants to define their
own terms to inform teaching methodologies and education policies
for customized plans for each unique individual learner.

4. RESULTS

Through a rigorously iterative human-Al qualitative analysis from
more than 8,751 open codes, the researcher selected 20 emergent
themes and refined 92 axial categories across three original
theoretical frameworks. Directed by Finlay’s [23] “maps’ of five
variants of reflexive activities, the researcher found that
comparative analysis of human-refined and Al-generated outcomes
reveals a complementary relationship: human sensemaking
provides interpretative depth, while algorithmic processing enables
indispensable scalability. The findings indicate that human-Al
synergistic workflows support effective model for high-volume
textual analysis.

4.1 Heavenly Hour Framework and Theory

The Heavenly Hour framework encapsulates the five pivotal
moments shaping astronauts’ trajectories: spark-ling interest,
honing transition, awakening passion, reaching fulfillment, and
pledging commitment, acryonymed SHARP. Often honed through



military training or rigorous academic disciplines, astronauts
demonstrate an exceptional ability to recognize and capitalize on
opportune moments, reflecting their cognitive precision, time
consciousness, and decisiveness. Figure 2 shows how the human-
and Al-based coding result theoretical frameworks exhibiting
greater interpretive complementarity in three dimensions.

* MONOLOOP astronauts: Top Tier forces dominate on a single
path. Inner Compass is unwavering. Agency appears high because
the path is clear.

* BILOOP astronauts: Middle Tier becomes critical because Inner
Compass must reconcile two domains. Relational Scaffolding
supports the dual commitment. Serendipity often determines which
loop becomes primary.

* POLYLOOP astronauts: All seven Nexus forces operate at
maximum complexity. Each loop generates its own Capital,
Trajectory, and Crucibles, while the Inner Compass integrates
across loops. This is where the Enabling Tier becomes most visible:
navigating multiple loops requires both luck and deliberate choice.

DIMENSION 1: TRAJECTORY PATTERN (Lollipop Fractal)
How many study/career loops does the astronaut traverse?

Monoloop Biloop Polyloop
o ® o
single dual path multiple

trajectory convergence overlapping loops

DIMENSION 2: PIVOTAL MOMENTS (SHARP)
What phenomenological sequence marks each loop?

S«“H-A<-R=~P
Spark Hone Awaken Reach Pledge
(each loop contains its own SHARP sequence)

DIMENSION 3: FORCES (Nexus)
What 7 forces power each moment within each loop?

Top: Capital + Trajectory + Crucible (56.7%)
Middle: Inner Compass + Rel. Scaffolding (29.2%)
Enabling: Serendipity + Agency (13.1%)

Figure 2. Heavenly Hour Theoretical Alignment

4.2 Terrain Triumph and A Middle-Range

Theoretical Proposition

The researcher upgraded Bronfenbrenner’s ecological systems [24]
into the ISEE Terrain Triumph framework. ISEE is acryonymed for
four ecological systems: the ideological and cultural macrosystem
(IDEAL), social and interpersonal mesosystem (SOAP),
environment and physical exosystem (EPIC), and emotional and
psychological microsystem (EMO). Each system comprises both
catalysts and challenges, which yielded eight themes in Terrain
Triumph, e.g. EPIC Challenge and EPIC Catalyst. This framework
maps out the dynamic interplay between catalysts and their
counterparts-challenges, revealing the nuanced progression of
astronauts’ diversified life stages.

Despite statistical evidenced pass for workability (Figure 3) and
hypotheses tests [7] (Figure 4), the researcher suggests a middle-
range theory with emerging patterns [25], tentatively termed Death
Is Not the End of the Story (DINTEOTS), which characterizes how
individuals transform adversity, loss, and challenges into sustained
trajectories of growth and meaning-making.

4.3 Human Harmony Framework and Theory
Although the researcher’s seven human-coded themes
acronymed as the iNSPIRE framework — diverge in nomenclature
from the seven Al-generated themes, human-Al collaboration
revealed a notable convergence of independently derived
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conceptual structures, lending empirical support to Al's socio-
emotional attributes [26]. As illustrated in Figure 5, both codlings
organize around a shared four-stratum architecture — 7T Core, &
Foundation, % Dynamic, and & Integration — functioning as a
common interpretive scaffold across 41 human axial categories
(268 refined open codes) and 36 Al axial categories (1,145 initial
open codes). Al-generated thematic functions of harmony aligned
with the researcher’s human-centered identity framework, yielding
two complementary theoretical formulations: a researcher’s
reflective  All-Mirror-in-One  perspective emphasizing unity
through mutual interpretation, and the Al-layered 4Strata model
describing the operational dynamics of identity across multiple
dimensions. This convergence demonstrates how distinct analytic
pathways can arrive at shared higher-order abstractions. While
human contributions provide philosophical depth and contextual
nuance, Al enables empirical rigor through expansive coding,
statistical saturation testing, theme-shift quantification, and
convergence—divergence metrics.
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Figure 4. Terrain Triumph Hypotheses Testing



Human Harmony — Twin Pupils through CFDI 4Strata

|
LS | i
! /
'\ N ‘ ,'/
\ / '\.\
Figure 5. Human Harmony Frameworks: Comparative

Sunburst Visualization of Human-Coded iNSPIRE*4Strata
(Pupil I) and AI-Coded CFDI*4Strata (Pupil AI)

4.4 HTH Model and Bicameral Theorizing

Drawing on Jaynes’s [27] foundational conception of the bicameral
mind that cognition operates through two distinct yet interacting
chambers, the researcher extends this metaphor into bicameral
theorizing, a Human-Al qualitative analytic structure in which
researcher-led (I + Al) and Al-surfaced (Al + I) reasoning function
as complementary generative modes rather than interchangeable
contributions. This bicameral architecture organizes the HTH
Model across three frameworks — Heavenly Hour, Terrain
Triumph, and Human Harmony — each partitioned into two
epistemically distinct halves. The Structural/Locational half
anchors identity in its situated, relational, and contextual
dimensions, yielding the collaborative constructs Lollipop Fractal,
Heart-Land, and All-Mirror-in-One grounded theories. The
Transformational/Teleological half orients identity toward
purpose, trajectory, and emergent meaning, producing AstroNexus,
DINTEOTS, and 4Strata Navigation. This deliberate alternation of
analytic authorship across halves reflects a principled division of
generative labor.

The overall bicameral structure — structural grounding paired with
teleological projection — mirrors the dual functions of identity
itself: where one is and where one is becoming. Importantly, the
distribution of theorizing labor is not fixed but contingent upon the
researcher’s personality, cognitive dispositions, and analytic
capabilities. In this study, the researcher’s inclination toward
structural and locational reasoning anchored the first half of each
framework, while AI’s complementary teleological capacity
completed the theorizing arc in Heavenly Hour and Human
Harmony. Terrain Triumph, however, illustrates a different
configuration: one in which the researcher independently drove the
theoretical construction from the ground up, yet Al’s contribution
to statistical validation through procedures such as the Work test
and hypothesis testing remained integral to substantiating its
middle-range theory claim. This suggests that bicameral theorizing
functions less as a rigid division of labor and more as a dynamic,
researcher-sensitive scaffold whose outcomes reflect the unique
epistemic posture each inquirer brings to the analytic encounter.
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Table 2. Bicameral Theorizing across HTH Model

Framework Structural/ Transformational/
Locational Half Teleological Half
Heavenly Lollipop Fractal
Hour (1+ Al) AstroNexus (Al + 1)
Terrain Heart-Land
Triumph (1+ Al) DINTEOTS (I+ Al)
Human All-Mirror-in-One 4Strata Navigation
Harmony (I+A]) (AL+1)

5. DISCUSSION

Resonating with Silver and Lewins’s emphasis on engaging with
emerging technology for qualitative analysis [28], this study
highlights the irreversibility and uncertainty inherent in intensive
analytical processes. It remains an open question whether
comparable Al-generated outcomes would have emerged without
the researcher’s prior extensive validation of over 8,751 open codes
and the subsequent development of theoretical frameworks and
grounded theories.

Extending ongoing debates on data saturation [29], this study
argues that saturation can be reexamined in light of Al-supported
analysis through indicators such as information power, data density
comparison, effective sample size, empirical saturation evidence,
and methodological precedent. Meanwhile, critical questions
remain: to what extent can human-Al collaboration reproduce - or
transform - the trajectories of qualitative sensemaking?

In summary, this study underscores the importance of human-first
iterative engagement prior to Al integration to preserve
methodological rigor and to mitigate risks associated with
irreversible analytical decisions [30]. Such considerations point
toward a broader rethinking of how human agency, technological
augmentation, and epistemic responsibility co-evolve in the future
of data-intensive research [31].
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