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THE COGNITIVE PROVENANCE INDEX 

SYSTEMIC RISK MITIGATION IN POST-GRADUATE QUALIFICATIONS 

In the age of generative intelligence, the only 
defensible doctoral standard is not who wrote the text, 
but who can inhabit the reasoning that produced it. 
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EXECUTIVE SUMMARY 

Higher education faces an existential crisis of authenticity. The 
proliferation of Generative AI and the industrialization of 
"Contract Cheating" (ghostwriting) have rendered traditional 
plagiarism detection tools obsolete. Tools like Turnitin verify the 
originality of the text, but they fail to verify the identity of 
the author. 

We introduce the Cognitive Provenance Index (CPI), a 
proprietary longitudinal assessment framework designed for 
high-stakes academic environments (Masters and Doctoral 
dissertations). Unlike static plagiarism checkers, the CPI 
utilizes Longitudinal Stylometry and Behavioral Biometrics to 
track the evolution of a scholar's "Cognitive Voice" over time. 

By establishing a verified "Day Zero" baseline and measuring 

deviations through Cognitive Beta (𝛽), a metric of stylistic 
volatility, the CPI allows institutions to distinguish between 
authentic intellectual growth and artificial authorship. 
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1. THE FAILURE OF STATIC DETECTION 

The current academic integrity model relies on "Similarity Indexing" (e.g., matching 
student text against a database of known sources). This model is effective against 
"Copy-Paste" plagiarism but defenseless against: 

1. Contract Cheating: Where a student pays a human expert to write original work. 
2. Generative AI: Where LLMs generate unique, plagiarism-free text. 

In both cases, the text is "original" (0% plagiarism), but the authorship is synthetic. The 
student did not perform the cognitive labor. The degree, therefore, certifies a 
falsehood. 

The Epistemic Thesis: We must shift from policing content to authenticating 
provenance. We do not ask "Where did this text come from?"; we ask "Is this the 
student's mind?" 
 
 

2. METHODOLOGY: THE "DAY ZERO" TRIANGULATION 

The foundation of the CPI is the Immutable Baseline (𝜇). We reject remote, unverified 
baselines. 

2.1 The "Clean Room" Protocol 

Before registration or proposal acceptance, the candidate undergoes a supervised, in-
person (or proctored online) calibration session.  

2.2 The Triangulation Essays 

The candidate produces three distinct writing samples to capture the full range of their 
natural cognitive signature: 

• Essay A (The Personal): Biographical Narrative. Captures natural syntax, 
sentence entropy, and typing cadence. 

• Essay B (The Academic): Research Rationale. Captures formal reasoning 
capabilities and structural logic. 

• Essay C (The Visceral): Affective Intensity. Measures how the typing cadence 
and vocabulary access speed change when writing with high emotional 
conviction. 

2.3 The Biometric Vector (𝝁) 

The CPI synthesizes these inputs to create a unique User Vector (𝝁), quantifying: 

• Average Sentence Complexity. 
• Vocabulary Depth Index. 
• Typing Burst Patterns (Keystroke Dynamics). 

This Baseline is locked and serves as the "DNA Anchor" for the duration of the degree. 
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3. THE COGNITIVE PROVENANCE INDEX (CPI) 

The Cognitive Provenance Index (CPI) is the composite metric used to verify the 
authenticity of post-graduate work. It is not a static score but a dynamic financial-grade 
instrument that tracks the "value" of the student's cognitive labor over time. 

The CPI is derived from the Biometric Vector (𝜇) and is expressed through two primary 
coefficients: CPI-Alpha(Growth) and CPI-Beta (Volatility). 

3.1 The CPI-Alpha (𝜶): The Growth Indicator 

Definition: The CPI-Alpha measures the Accretion of Knowledge. It tracks the 
healthy, expected expansion of the candidate's User Vector (𝜇) as they progress 
through their degree. 

• The Expectation: A legitimate PhD candidate will exhibit a "Positive Alpha" 
(+5% to +15% complexity year-on-year) as they master their domain. 

 
• The Flag: A "Zero Alpha" (stagnation) suggests a lack of learning, but does not 

necessarily indicate cheating.  

3.2 The CPI-Beta (𝜷): The Risk Indicator 

Definition: The CPI-Beta measures Authorship Volatility. It calculates the variance 
between the current submission and the student's established "Day Zero" Baseline. 

• Neutral Beta (0.8 - 1.2): Verified. The voice is consistent with the Baseline. 
 
• High Beta (> 2.0): Hyper-Inflationary Event. The submission is radically 

"more expensive" (cognitively complex) than the student's known capability. 
This triggers a Provenance Audit. 
 

• Low Beta (< 0.8): Cognitive Devaluation Event. The submission quality has 

collapsed significantly below the student's proven capability. This is a Distress 

signal, often indicating burnout, personal crisis, or lack of effort. Wellness 

intervention may be required. 

 

4 THE ROLE OF GLOBAL DATA: CALIBRATION, NOT EVALUATION 

To maintain rigorous accuracy, the CPI distinguishes between the Calibration of the 
Instrument and the Evaluation of the Subject. 

1. Global Calibration (𝝀): This is the Normative Lens. The system utilizes global 

discipline-specific averages (the coefficient) solely to normalize the sensitivity of the 
algorithms. 

• Purpose: To ensure that a complexity score is mathematically relative to the 
discipline's norms. 
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• Effect: This prevents false positives. For example, it ensures that the natural 
brevity of a STEM dissertation is not misidentified as Low Cognitive Effort 
simply because it uses fewer clauses than a Legal dissertation. 

2. Individual Evaluation (𝝁): This is the Ipsative Standard. Once the instrument is 
calibrated to the discipline's frequency, the Evaluation Logic ignores the global 
average and locks onto the Student’s Personal Baseline (𝜇). 

The Ruler Analogy: 

The Global Benchmarks provide the Ruler (defining what a 'centimeter' is). The 
Student's Baseline marks their Height. We do not penalize a student for being 'short' 
(writing simply). We only flag a student if they grow two feet overnight. 

 

5. VISUALIZATION: THE COGNITIVE TUNNEL 

The Dashboard presents the Dean and Supervisor with a longitudinal map of the 
student’s journey. 

• The Tunnel: Represents the standard deviation (Safe Zone) of the student's 
natural growth. 

• The Anomaly: A data point that breaks the "Upper Band" of the tunnel triggers 
an immediate Provenance Audit. 

CASE STUDY: THE "GHOSTWRITER GAP" 

If a student hires a professional for "Chapter 4: Data Analysis," the system will detect 
a sudden shift in the "connective tissue" of the writing, i.e., the subtle transition words 
and sentence structures that are subconscious to the writer. Even if the text is perfect, 
the Beta Spike reveals the change in author. 
 

6. THE "SHOW-ME" PROTOCOL: A PEDAGOGICAL INQUIRY 

We do not encourage the adversarial "Auditor vs. Suspect" dynamic. A High Beta flag 
is not treated as an indictment, but as a data point of exceptional performance. 

The Invitation to Teach: The system prompts the supervisor to convene 
a "Methodology De-brief." The framing is explicitly positive and inquisitive. 

This approach invites the student to unpack their cognitive leap. 

Rather than asking 'Did you write this?', the faculty asks 'How did you achieve this 
accelerated trajectory?' 
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The objective is framed as institutional learning: If a student has genuinely moved 
from average to exceptional in a single semester, the Faculty wishes to understand 
their study methods and cognitive scaffolding to replicate this success for other 
candidates." 

The Outcome: 

• For the Authentic Student: It is a moment of validation and empowerment. 
They share their insights, and the Faculty gains valuable data on effective 
learning strategies. 

• For the Nominal Author: The inability to articulate the "How" reveals the gap 
between the submitted text and the student's internal reality, without a single 
accusatory word being spoken. 

 

BOX 1: THE "SHOW-ME" PROTOCOL IN ACTION 

 
Scenario: A PhD Candidate submits Chapter 4 (Data Analysis). 

System Flag: CPI-Beta: 3.2 (High Volatility). The writing complexity has spiked significantly 
above the established baseline. 

Intervention: The Faculty convenes a "Methodology De-brief" to understand the trajectory. 
 
THE FACULTY INQUIRY (Therapeutic Framing): 
This chapter represents a remarkable leap in analytical depth compared to your Research 
Proposal. The faculty is impressed by this trajectory. Specifically, on page 42, you shifted 
your argument from a 'Linear Regression Model' to a 'Behavioral Heuristic Framework.' 
Could you walk us through the intellectual struggle that led to that specific pivot? We want 
to understand the reasoning behind the trade-offs you made. 
 
RESPONSE A: THE AUTHENTIC AUTHOR (Verified Intimacy) 

The Student's Response: 

I was stuck on that for two weeks. I originally ran the regression on the JSE data, but my R-
squared value was only 0.12, it was statistically insignificant. I was panicking. 

I almost gave up, but then I re-read Thaler’s paper on 'Nudging' and realized the data wasn't 
random; it was irrational. That’s why I scrapped the first 15 pages of calculations and rewrote 
the section to focus on 'Loss Aversion' instead. The shift to a behavioral framework was the 
only way to explain the outlier at line 400. 

System Verdict: VERIFIED. 

• Evidence: The student described the "Discarded Paths" (the failed regression) and 
the "Catalyst Event"(reading Thaler). Only the creator knows about the drafts they 
threw away. 

• Outcome: Beta Spike Accepted as Organic Growth. 
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RESPONSE B: THE NOMINAL AUTHOR (Synthetic Ownership) 

The Student's Response: 

I worked very hard to improve my writing this semester. I spent a lot of time in the library 
reading various sources on behavioral finance. I felt that the Heuristic Framework was the 
most appropriate way to handle the data because it is a very important theory in the field. I 
wanted to make sure the chapter was high quality. 

System Verdict: ANOMALY CONFIRMED. 

• Evidence: The student offered generalizations rather than interpretative logic. Even 
if a statistician ran the data (which is permitted), the candidate acts as the Principal 
Investigator and must own the implications of that data. Their inability to explain why 
the low R-squared necessitated a conceptual pivot reveals they outsourced the 
thinking, not just the calculation 

• Outcome: Beta Spike Rejected. Provenance Audit Initiated. 

 

  

7 THE PRIVACY PARADIGM: AUDIT TRAILS, NOT SURVEILLANCE 

A critical distinction must be drawn between Behavioral Surveillance (monitoring the 
individual) and Asset Verification (authenticating the output). 

Critics may argue that biometric keystroke analysis constitutes an invasion of privacy. 
This view conflates observation of the person with validation of the process. We do 
not encourage the "Proctoring 1.0" model of invasive camera tracking and room 
scanning. 

The CPI Framework: A Chain of Custody Model The CPI operates on the same legal 
and ethical principles as a Financial Audit or a Clinical Trial Data Lock. 

1. Asset, Not Actor: We do not track the student’s web history, location, or 
private communications. We track only the Production Vector of the 
dissertation text. 
 

2. The Chain of Custody: In a court of law, evidence is inadmissible without a 
proven chain of custody. In academia, a dissertation is the "evidence" of 
mastery. The CPI simply establishes the Digital Chain of Custody linking the 
text on the page to the biometric hand of the candidate. 

 
3. Degree Signal Integrity: The University is not a policeman; it is a Central Bank 

of Credibility. Every fraudulent degree issued is an inflationary event that 
devalues the qualifications of legitimate alumni. 
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The Liability Reversal: There is often the fear that collecting biometric data creates 
liability. In the age of AI, the inverse is true. 

• The Real Risk: Issuing a doctorate to a candidate who utilized Generative AI 
creates a Latent Liability on the University’s alumni roll. When that fraud is 
inevitably exposed (as AI detection improves), the University faces reputational 
collapse for failing to exercise Due Diligence. 

The CPI is not a camera in the bedroom; it is a seal on the scroll. It protects the 
institutional balance sheet by ensuring that the university’s primary asset (its 
reputation for rigor) is backed by verifiable data. 

 

8 ADDRESSING THE MUTABLE SELF: BOUNDED CONTINUITY 

A common critique of stylometry is the assertion that authorship is fluid, that scholars 
evolve, adapt, and code-switch depending on the context. Critics argue that "locking" 
a student to a baseline penalizes growth. This objection misunderstands the distinction 
between Evolution and Displacement. 

The Principle of Bounded Continuity: The CPI does not assume cognitive 
immutability; it assumes bounded continuity. 

• Neuroplasticity (Growth) is a Curve: When a student learns, their vocabulary 
and syntactic complexity expand along a logarithmic curve. This is captured 
by CPI-Alpha. 
 

• Synthetic Authorship (Cheating) is a Step-Change: When a student uses a 
ghostwriter, the data does not show an accelerated curve; it shows a statistical 
discontinuity, a vertical leap that defies the limitations of natural cognitive 
loading. 

The CPI is designed to accommodate the "Elasticity of Voice." A student may write 
more formally in Chapter 1 than in a Reflection Paper. However, the 
underlying Cognitive Fingerprint (Keystroke Dynamics and Syntactic DNA) retains a 
probabilistic consistency. 

The Human-in-the-Loop Safeguard: Furthermore, a "High Beta" flag is never an 
automated sanction. It is a heuristic prompt. It signals that the volatility of the text 
exceeds the probabilistic bounds of the author’s history, requiring human verification 
(The "Show-Me" Protocol) to determine if the variance is due to brilliance or 
interference. 
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9 THE FALSIFICATION OF UNIVERSAL GENIUS: INTRA-SUBJECTIVE METRICS 

A profound and potential misunderstanding of the CPI could be the belief that it 
enforces a standardized "Academic Style" or attempts to fingerprint "Genius." Skeptics 
may rightly argue that intellectual brilliance is heterogeneous: Hemingway wrote in 
simple declaratives; Faulkner wrote in labyrinthine clauses. Both were masters. 

If the CPI attempted to grade "Genius" against a universal standard, it would fail. It 
does not. 

The Ipsative Standard (Self-Reference): The CPI operates strictly on an Intra-
Individual basis, never Inter-Individual. 

• We do not compare the student to the "average PhD candidate." 
• We do not compare the student to "published authors." 
• We compare the student only to the student. 

The Metric of Consistency: The system establishes a specific cognitive signature 
for Candidate A. 

• If Candidate A writes with the simplicity of Hemingway in the Baseline, and 
continues to write like Hemingway in the Dissertation, the CPI-Beta is 1.0 
(Verified). 
 

• If Candidate A suddenly writes like Faulkner in Chapter 4, the CPI-Beta spikes 
to 3.0 (Anomaly). 

The system does not flag the quality of the writing; it flags the discontinuity of the 
voice. The CPI does not compare students to excellence; it compares them to 
themselves. 

By isolating the Delta (∆) between the Baseline and the Submission, we eliminate bias 

regarding language proficiency, cultural background, or stylistic preference. A student 
writing in simple, second-language English is treated with the exact same rigorous 
fairness as a student writing in poetic, native Oxford English. The only requirement is 
that they remain the same person throughout the journey. 

 

10 THE LATE BLOOMER PARADOX: DISTINGUISHING GROWTH FROM 
DISPLACEMENT 

A profound ethical concern is whether the CPI penalizes the Late Bloomer, i.e., the 
student who struggles initially but achieves a genuine cognitive breakthrough later in 
the degree. Does the system flag their hard-won improvement as an anomaly? 

The answer lies in the distinct data signatures of Growth (Alpha) 
vs. Displacement (Beta). 

http://www.epistemica.co.za/


 

27 December 2025                             www.epistemica.co.za 

1. The Signature of the Late Bloomer (High Alpha): Learning is rarely linear, but it 
is connective. A student who improves significantly leaves a trail of intermediate 
struggle. 

• The Data: Their vocabulary expands, but often retains specific idiosyncratic 
errors or structural preferences from their baseline. 
 

• The Curve: The data shows a steep but continuous upward slope (High Alpha). 
• The Verdict: The CPI algorithms are tuned to reward positive Alpha. We 

expect growth. A 40% improvement in writing quality, if accompanied by 
connective tissue in the stylometry, is flagged as Success, not Risk. 

2. The Signature of the Nominal Author (High Beta): Synthetic authorship does not 
look like growth; it looks like Displacement. 

• The Data: The Voice doesn't just improve; it changes species. The sentence 
cadence, the preposition usage, and the function words (the unconscious glue 
of language) shift instantly to a different profile. 
 

• The Cliff: The data shows a vertical Step-Change, not a curve. 
 

• The Verdict: This triggers the Beta Flag. 
 

The Narratable Causal Pathway: The ultimate safeguard is the "Show-Me" Protocol. 

• The Late Bloomer: Can narrate the mechanism of their improvement. "I 
started using this specific framework," or "My supervisor corrected my grammar 
in Chapter 2, so I fixed it here." (There is a Causal Pathway). 
 

• The Nominal Author: Presents a high-quality output with a Zero-History Input. 
They have the result but lack the memory of the improvement process. 

The CPI does not penalize improvement; it validates it. We distinguish between 
the Compound Interest of hard work (Organic Growth) and the Windfall of external aid 
(Synthetic Injection). 

 

CONCLUSION 

The Cognitive Provenance Index transforms academic integrity from a reactive 
policing action into a proactive quality assurance process. By implementing an In-
Person or Proctored Baseline and monitoring Inter-Chapter Beta, institutions can 
guarantee that their highest degrees represent verified intellectual mastery. We are 
not just protecting the university's liability; we are protecting the value of the 
qualification itself. In the age of generative intelligence, the only defensible doctoral 
standard is not who wrote the text, but who can inhabit the reasoning that produced it. 

 

http://www.epistemica.co.za/


 

27 December 2025                             www.epistemica.co.za 

APPENDIX A: TECHNICAL SPECIFICATIONS 
OF THE BIOMETRIC VECTOR (𝝁) 

The User Vector (𝜇) is a multi-dimensional composite score derived from the "Day 
Zero" calibration. It serves as the immutable "Digital Fingerprint" of the candidate. The 
vector is constructed from three primary distinct data streams. 

A1. AVERAGE SENTENCE COMPLEXITY (𝑺𝒄) 

This metric goes beyond simple sentence length (word count). It measures Syntactic 
Density, the structural architecture of the student's thought process. 

The Mechanism: 

The engine parses every sentence using a Dependency Tree analysis to measure: 

1. Dependency Depth: The maximum number of steps from the root verb to the 
furthest leaf node (noun/adjective). 

2. Clause Density: The ratio of subordinate/dependent clauses to independent 
clauses. 

3. Syntactic Entropy: The variance in sentence structures (e.g., does the student 
repetitively use Subject-Verb-Object, or do they vary their structure?). 

The Calculation (𝑆𝑐): 

𝑆𝑐 =
∑ (𝐷𝑖 × 𝜆𝑑𝑒𝑝𝑡ℎ + 𝐶𝑖 × 𝜆𝑐𝑙𝑎𝑢𝑠𝑒)
𝑛
𝑖=1

𝑁
 

 
Where 𝐷 is Dependency Depth, 𝐶 is Clause Count and 𝜆 represents the weighting 
coefficients for the specific discipline (e.g., Law requires higher complexity than 
Engineering). 

Why this matters: A ghostwriter or LLM often defaults to a "normalized" complexity 
that differs significantly from a student's natural struggle with complex ideas. 

Note on Domain Specificity (𝝀): 

"The weighting coefficients () are not arbitrary. They are derived from the Epistemica 
Global Corpus, a database of over 100,000 peer-reviewed dissertations. 

The system automatically detects the discipline (e.g., 'Finance' vs. 'Sociology') and 
applies the corresponding Normative Syntax Filter. This ensures that a Finance 
student is measured against the concise, data-driven standard of Financial 
Economics, not the verbose, discursive standard of Continental Philosophy. 
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A2. VOCABULARY DEPTH INDEX (𝑽𝒅) 

This index measures the Lexical Sophistication and Domain Specificity of the author. 
It differentiates between a "thesaurus-stuffer" (artificial complexity) and a genuine 
subject matter expert. 

The Mechanism: 

The engine maps every word against the Corpus of Contemporary Usage, categorized 
into three tiers: 

• Tier 1: High Frequency / Functional (e.g., "the", "analysis", "study"). 
• Tier 2: General Academic (e.g., "correlate", "substantial", "mitigate"). 
• Tier 3: Domain Specific / Rare (e.g., "epistemological", "jurisprudence", 

"stochastic"). 

The Calculation (𝑽𝒅): 

The system calculates the Type-Token Ratio (TTR) adjusted for text length (using 
Maas's index), specifically isolating the density of Tier 3 words used correctly in 
context. 

𝑉𝑑 =
𝑙𝑜𝑔𝑁 − 𝐿𝑜𝑔𝑇

𝑙𝑜𝑔2𝑁
 

Where 𝑁 is the total number of tokens (words) and 𝑇 is the number of types (unique 
words). 

The Signature: A student's vocabulary grows slowly (Alpha). A sudden jump 
in 𝑉𝑑 without a corresponding history of reading/citations suggests external 

authorship. 

 

A3. TYPING BURST PATTERNS (KEYSTROKE DYNAMICS) (𝑲𝒅) 

This is the behavioral biometric layer. It validates that the text 
was constructed cognitively, not transferred mechanically. 

The Mechanism: 

Cognitive science establishes that human writing occurs in "Bursts." We think, we type 
a burst of text, we pause to construct the next thought, and we type again. 

The Engine tracks: 

1. Flight Time: The milliseconds elapsed between releasing one key and 
pressing the next. 
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2. Cognitive Pauses: The duration of pauses at specific syntactic boundaries 
(e.g., longer pauses expected at paragraph breaks; shorter pauses at 
commas). 

3. Edit Distance: The frequency of backspaces and corrections. (Human writing 
is messy; AI/pasting is linear and clean). 

The Anomaly Flags: 

• The Inhuman Flow: A typing speed > 80 WPM with near-zero flight time 
variance and zero backspaces indicates a "transcription" event (copying text 
from another screen) or a "paste" event. 

• The Pacing Mismatch: If the cognitive pause occurs within a simple word 
rather than at a sentence boundary, it suggests the user is copying letters rather 
than formulating thoughts. 

The Vector Component: 

𝐾𝑑 = 𝜎𝑓𝑙𝑖𝑔ℎ𝑡
2 +

𝑃𝑠𝑒𝑛𝑡𝑒𝑛𝑐𝑒
𝑃𝑤𝑜𝑟𝑑

 

Measures the variance in flight time plus the ratio of sentence pauses to word pauses.  

The Logic: This formula distinguishes between Cognitive Construction (Thinking then 
typing) and Mechanical Transcription (Reading then typing). 

Flight Time Variance measures the natural irregularity of finger movement. 

o Authentic: High variance (Fast for familiar words, slow for complex 
ones). 

 
o Synthetic: Low variance (Robotic rhythm or instantaneous block 

pasting). 
 

Pause Ratio compares Thinking Time vs. Spacing Time 

o Authentic: High Ratio. (We pause significantly longer at period marks to 
formulate the next thought than we do between words). 
 

o Synthetic: Low/Flat Ratio. (A typist copying text pauses randomly to read 
the source material, regardless of sentence boundaries). 
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