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Abstract

Artificial intelligence (Al), as an emerging general-purpose technology, presents technology firms with a fundamental
capital-allocation challenge: infrastructure commitments may precede observable commercial returns, while the
benefits of Al adoption remain difficult to isolate from existing business activities. This paper develops an exploratory
comparative framework for examining Al monetization pathways at Alphabet, Microsoft, Amazon, and Meta.
Integrating general-purpose technology theory, corporate finance, and behavioral asset pricing, the framework
distinguishes three analytical dimensions: (1) corporate cash-flow absorption capacity, (2) incremental investment
returns, and (3) market-implied expectations. The study further differentiates directly billed Al services from Al-
enabled improvements in existing products and internal operating efficiency. Rather than treating Al-related revenue
as incremental revenue or interpreting a revenue-to-capital-expenditure ratio as investment return, the framework
emphasizes disclosure comparability, cash-flow attribution, and scenario-based evaluation. Four propositions are
developed concerning commercial architecture, capital-deployment timing, indirect monetization, and the interaction
between financial deterioration and market narratives. The proposed diagnostic framework identifies conditions
warranting closer scrutiny without establishing that particular firms are overvalued or predicting market correction
timing. The paper contributes a measurement-oriented foundation for subsequent longitudinal research on Al
investment efficiency and valuation vulnerability.

Keywords: general-purpose technology; artificial intelligence; capital allocation; capital expenditure; cash-flow
absorption; valuation vulnerability; comparative case study; technology valuation; investment efficiency; narrative
economics

1. Introduction

The global economy is witnessing an unprecedented concentration of capital expenditure in artificial intelligence
infrastructure. In 2024 alone, the four largest technology firms—Alphabet, Microsoft, Amazon, and Meta—
collectively committed over $200 billion to Al-related capital projects (Bloomberg, 2025). This scale of investment
raises fundamental questions about capital allocation efficiency that echo historical episodes of general-purpose
technology deployment, from electrification to the internet.

Technological transitions can create a timing mismatch between capital deployment and the realization of economic
benefits. Firms may commit resources to infrastructure, complementary technologies, and organizational capabilities
before demand, pricing, and productivity effects become sufficiently observable.

Al presents this problem in a particularly sharp form. Infrastructure investment can support several economic activities
at once: externally billed computing services, Al-enabled software, advertising optimization, and internal process
improvement. Neither the amount invested nor the scale of Al-related product revenue independently establishes the
economic return on Al investment.

The distinction matters for corporate decisions and for valuation. A firm may report lower near-term free cash flow
while undertaking economically attractive investments. A firm may also report strong revenue growth while earning
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inadequate returns on incremental capital. Market narratives complicate interpretation further when valuation depends
on benefits that remain difficult to measure.

This paper examines Alphabet, Microsoft, Amazon, and Meta as comparative cases. The four firms combine
infrastructure provision, enterprise distribution, consumer platforms, and advertising monetization in different
proportions. The purpose is not to rank Al investment success. It is to specify the evidence that would be required
before such a comparison could be made.

1.1 Research Questions
The study addresses two research questions:

RQ1. How do differences in commercial architecture influence the visibility, timing, and measurement of returns from
Al-related investment?

RQ2. How can corporate cash-flow indicators and market-expectation measures be combined to identify valuation
vulnerability without equating an elevated valuation with proven mispricing?

1.2 Contributions

This paper makes three contributions. First, it develops a measurement framework that distinguishes between revenue
visibility and economic return, addressing a persistent conflation in both practitioner and academic discourse. Second,
it specifies the evidence requirements for meaningful cross-firm comparison, providing a protocol that future empirical
work can implement. Third, it proposes testable propositions that link commercial architecture to both measurement
challenges and valuation vulnerability.

1.3 Scope and Structure

The paper is deliberately conceptual and methodological. It does not present empirical estimates of Al investment
returns, nor does it test the proposed propositions. Rather, it establishes the analytical infrastructure required for such
testing. The analysis separates corporate liquidity, investment profitability, and valuation expectations. That separation
is a more defensible basis for comparing firms whose Al activities differ in economic function and in disclosure
practice.

The remainder of the paper proceeds as follows. Section 2 reviews relevant literature and develops the theoretical
framework. Section 3 specifies the methodology, including research design, case selection, evidence classification,
and analytical specifications. Section 4 presents the comparative analysis of the four cases. Section 5 develops research
propositions and the proposed valuation-vulnerability framework. Section 6 discusses theoretical and practical
implications, limitations, and future research directions. Section 7 concludes.

2. Literature Review and Theoretical Framework
2.1 General-Purpose Technology Theory

General-purpose technology theory emphasizes broad applicability, continuing technological improvement, and
complementarities with innovation in downstream activities (Bresnahan & Trajtenberg, 1995; Lipsey, Carlaw, &
Bekar, 2005). Returns to a foundational technology may depend on complementary investment and organizational
adaptation. Infrastructure deployment and commercial realization therefore need not occur together.

The theory does not imply that large infrastructure expenditure is overinvestment. A timing mismatch may reflect
rational investment under uncertainty, coordination difficulty, or incomplete complementary development. This paper
treats Al-related capital expansion as an empirical question, not as evidence of inefficiency by definition.

Historical analyses of GPT deployment suggest that productivity benefits often lag investment by years or even
decades. David (1990) documented a fifty-year gap between electrification's introduction and its full productivity



FOR INNOVATION, SUSTAINABILITY AND EXCELLENCE

Published by: RISEJOURNALS.ORG | Online ISSN: 3028-032X | Print ISSN: 3028-0370
# VOLUME 5, ISSUE NO. 1
-h- i:}ngk‘ NILES et AW v ~\.\‘._‘>JL'

impéét, attributing the delay to the need for complementary organizational changes. Brynjolfssdn and Hitt (2000).
found similar patterns for information technology, emphasizing the role of intangible investments in realizing
productivity gains. These historical precedents inform the expectation that Al returns may require extended realization
periods.

2.2 Corporate Finance and Capital Allocation

The economic justification for investment is the expected incremental cash flow relative to capital committed and to
the required return. Jensen's (1986) free-cash-flow hypothesis is relevant where managers control resources in excess
of profitable opportunities. Applying it requires evidence on investment opportunities, incentives, and governance.

Expenditure growth alone is not that evidence. Two distinctions follow. First, lower contemporaneous free cash flow
does not independently demonstrate value destruction. Capital expenditure can reduce current cash availability while
raising the present value of future cash flows. Second, revenue growth does not independently demonstrate investment
efficiency. Additional revenue may require substantial operating cost, working capital, and replacement investment.
The analysis therefore separates financial absorption capacity from economic profitability.

Modigliani and Miller's (1958) foundational work on capital structure establishes that investment decisions should be
evaluated independently of financing decisions under certain conditions. This principle supports separating the
analysis of Al investment returns from the analysis of how those investments are funded. A firm may finance Al
investments through operating cash flow, debt issuance, or equity issuance without changing the underlying economics
of the investment itself.

2.3 Measurement Theory and Intangible Capital

The challenge of measuring Al investment returns connects to broader debates in accounting and finance about
intangible capital. As Haskel and Westlake (2018) observe, intangible investments—including software, data, and
organizational capital—pose fundamental measurement challenges because they are difficult to separate from other
business activities and often lack observable market prices. Al investment combines physical infrastructure (data
centers, chips) with intangible components (models, algorithms, training data), creating hybrid measurement problems
that neither traditional capital budgeting nor intangible capital frameworks fully address.

Corrado, Hulten, and Sichel (2009) developed methodologies for measuring intangible capital investment,
demonstrating that traditional national accounts significantly understate investment when intangibles are excluded.
Their work has implications for firm-level analysis: reported capital expenditure captures only the tangible portion of
Al investment, potentially understating total resource commitment and overstating measured returns.

The measurement challenge is compounded by attribution difficulties. When Al capabilities are embedded in existing
products, isolating the incremental contribution of Al investment requires constructing counterfactuals that are
inherently unobservable. This paper addresses these challenges by making attribution assumptions explicit and
subjecting them to scenario analysis.

2.4 Market Expectations and Narrative Dynamics

Prices incorporate expectations about growth, profitability, and risk. When technological outcomes are uncertain,
narratives can shape how investors read incomplete evidence. Shiller (2000, 2017) provides a basis for studying the
transmission and economic influence of narratives. Narrative intensity does not establish mispricing. Greenwood,
Shleifer, and You (2019) motivate the use of observable market characteristics in assessing subsequent crash risk,
without implying that a universal checklist identifies every bubble.

Tetlock (2007) demonstrated that media content can predict market movements, establishing a link between narrative
measures and asset prices. Baker and Wurgler (2006) showed that investor sentiment affects the cross-section of stock
returns, with sentiment-driven mispricing concentrated in certain stocks. Da, Engelberg, and Gao (2015) developed
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search-based sentiment measures that predict short-term market movements. These studies provide methodologicai
foundations for analyzing Al investment narratives.

This paper uses valuation vulnerability to mean sensitivity to unfavorable revisions in expected cash flows or discount
rates. The term is not a synonym for proven overvaluation.

2.5 Valuation under Uncertainty

The valuation of firms undertaking large-scale GPT investments involves what Dixit and Pindyck (1994) characterize
as investment under uncertainty. Real options theory suggests that the ability to stage investments and abandon
projects has value. However, this value depends on managerial flexibility that may be constrained by competitive
dynamics, organizational commitments, and strategic considerations.

The framework developed here incorporates this insight by treating capital commitments as potentially rational
responses to uncertainty rather than as evidence of inefficiency. The analytical challenge is to distinguish between
investments that preserve valuable options and those that commit resources to negative-net-present-value projects.

2.6 Synthesis and Research Gap

The literature reviewed above provides theoretical foundations for analyzing Al investment, but a gap remains. GPT
theory explains why returns may lag investment but does not specify how to measure returns when they materialize.
Corporate finance provides investment evaluation frameworks but assumes cash flows can be identified. Narrative
economics explains how expectations form but does not link narratives to fundamental analysis. Measurement theory
identifies intangible capital challenges but does not provide firm-level attribution protocols.

This paper addresses the gap by integrating these perspectives into a measurement framework that: (1) distinguishes
Al revenue visibility from Al economic return; (2) specifies evidence requirements for meaningful comparison; and
(3) connects fundamental indicators to market expectation measures without equating elevated valuation with
mispricing.

3. Methodology

3.1 Research Design

This study adopts an exploratory comparative-case design. Alphabet, Microsoft, Amazon, and Meta are examined
because their portfolios offer different channels through which Al investment can generate economic benefits. The
channels are analytical categories, not mutually exclusive classifications.

The comparison focuses on four questions:

The connection between infrastructure investment and commercial offerings.

The distinction between directly billed and indirectly realized benefits.

Corporate capacity to absorb investment-related cash outflows.
The sensitivity of valuation to uncertain future returns.

el e

The design does not identify causal effects from cross-sectional differences alone. The approach is exploratory and
comparative, designed to establish measurement foundations rather than test causal hypotheses.

3.2 Case Selection Rationale

The four firms were selected based on three criteria. First, each firm has made substantial, publicly disclosed Al-
related capital commitments. Second, each firm represents a distinct commercial architecture for Al monetization,
providing analytical variation. Third, each firm has sufficient public disclosure to permit meaningful comparison of
capital deployment and commercial outcomes.
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Table 1. Case Selection Criteria

Criterion Alphabet Microsoft Amazon Meta

Al capital commitment | Yes Yes Yes Yes

>$10B annually

Distinct monetization Cloud + Cloud + Cloud + E-commerce | Advertising +

architecture Advertising + Enterprise + Advertising Internal

Services Software
Public disclosure High High Moderate Moderate
adequacy

3.3 Observation Period and Information Cutoff

A completed empirical implementation should separate the financial observation period from the information-
availability cutoff. The framework is designed for application to the period from January 2023 through the most recent
available quarter. This period encompasses the initial ChatGPT release (November 2022), the subsequent acceleration
of Al infrastructure investment, and the emergence of commercial Al products.

Results for periods ending around June 2026 should be recorded on each firm's reporting calendar. Guidance and
management commentary should be included only when released before a specified cutoff. The information cutoff for
any empirical implementation should be specified as the date of the last available quarterly filing before analysis
begins. This prevents the use of information that would not have been available to market participants at the time of
assessment.

Fiscal-year labels, calendar-year labels, quarterly results, and annualized operating indicators should not be treated as
interchangeable.

3.4 Evidence Classification Protocol
Each observation should be assigned an evidence category before it enters the comparison. Conflicting disclosures
should be reconciled by date and definition. Missing Al-specific information should remain missing. It should not be

replaced by total segment revenue.

Table 2. Evidence Classification Protocol

Class | Evidence Type Required Treatment
A Financial statement or formal company disclosure Report with the accounting definition and the
reporting period
B Management-disclosed operating metric or Preserve the company's definition and state its
annualized indicator limitations
C Author calculation based on disclosed figures Provide the formula and the underlying inputs
D Analyst estimate or scenario assumption Label explicitly and test alternative assumptions

Note. Class D evidence may inform scenarios. It may not be reported as a firm disclosure or as an estimated return.

Table 3. Evidence Classification Examples

Class | Alphabet Example Microsoft Example Amazon Example Meta Example

A Google Cloud segment | Intelligent Cloud AWS segment revenue | Family Daily Active
revenue segment revenue People (DAP)

B "Al infrastructure" "Azure Al" customer | "AWS Al services" "Al-driven engagement"
commentary count commentary commentary

C CCR = OCF/CapEx FCF = OCF — CapEx | RAl-related estimate Al-attributable revenue
calculation calculation estimate

D Scenario: 30% Al cloud | Scenario: 25% Al Scenario: 20% Al Scenario: 15% ad yield
growth software attach workload share improvement
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The analysis distinguishes three quantities that cannot be assumed equal:

RAI-related = revenue associated with products or services containing Al functionality (1)
ARAI-attributable = additional revenue attributable to Al relative to a stated counterfactual (2)

ACFALI = incremental cash flow attributable to Al after relevant costs and investment (3)

Vo N

Revenue from an Al-enabled advertising tool may include spending that would otherwise have occurred through
another interface. Cloud revenue associated with Al workloads may include substitution from other computing
activity. Where a credible counterfactual is unavailable, the study should describe monetization exposure. It should

not claim causal revenue attribution.
3.6 Analytical Framework

3.6.1 Corporate Cash-Flow Absorption Capacity

The first dimension is the capacity of the firm as a whole to fund capital commitments. A basic coverage measure is:

CCRit = OCFit / CashCapExit (4)

where OCFit is operating cash flow and CashCapExit is cash expenditure on property and equipment. The

corresponding free-cash-flow measure is:

FCFit = OCFit — CashCapExit (5)

Both measures require consistent treatment of financing leases and other infrastructure commitments. Where company
definitions differ, reconciliations should be shown. A coverage ratio below one means that contemporaneous operating
cash flow does not fully cover the specified capital expenditure. It does not establish insolvency or poor investment
quality. Interpretation should also use cash reserves, debt obligations, investment timing, and the duration of any

shortfall.

Table 4. Variable Definitions and Measurement

Variable Definition Measurement Source
OCFit Operating cash flow, firm i, Cash from operations per cash flow Class A
period t statement
CashCapExit Cash capital expenditure, firm | Purchases of property and equipment | Class A
i, period t
CCRit Cash coverage ratio OCFit / CashCapExit Class C
FCFit Free cash flow OCFit — CashCapExit Class C
ARAI-attributable | Al-attributable revenue Revenue attributable to Al relative to | Class D if
increment counterfactual estimated
ACFAI Al-attributable cash flow Incremental cash flow after costs and | Class D if
investment estimated

3.6.2 Incremental Investment Returns

The second dimension is whether Al-related investment creates economic value. A project-level formulation is:

NPVAI =-10 + Xt=1...T AFCFALt/ (1+r)t+ TVT / (1+r)T (6)
where:

e o is the initial investment.

e AFCF ALt is incremental free cash flow in period t.

e ris the discount rate appropriate to the cash flows.

e TV Tis terminal value.
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For a multiyear program, subsequent capital expenditure belongs in the cash-flow sequence. It should not be omitted.
Where incremental cash flows cannot be observed, the model should be implemented as scenarios. Assumptions on
utilization, pricing, operating costs, asset lives, and continuing investment should be reported separately.

3.6.3 Growth Thresholds

A required growth threshold should be derived from an explicit financial condition. It should not be assigned without
a calculation. The required growth threshold derives from the condition that incremental cash flows must cover the
funding gap created by capital commitments. Formally:

AKfunding = I — (OCFavailable — OCFmaintenance) (7)

where AKfunding is the additional funding requirement after available operating cash flow, lo is the initial investment,
OCFavailable is operating cash flow available for investment, and OCFmaintenance is the operating cash flow
required to maintain existing operations.

ARreq = AKfunding / mcash (8)
where mcash is the incremental cash contribution margin (after variable costs but before the capital expenditure being
evaluated).

greq = ARreq / Rbase (9)
where Rbase is the revenue base to which the growth rate applies.

These equations provide a cash-funding approximation. They do not constitute a complete valuation model, which
would require explicit treatment of timing, risk, and terminal value. They serve to make assumptions explicit and
testable.

If a growth rate is calculated, the observed comparator must use the same revenue base and the same horizon. A
growth rate of Al revenue should not be subtracted from an Al contribution measured in percentage points of total
company revenue growth. The two quantities do not share a denominator.

3.6.4 Valuation Sensitivity

The third dimension is the expectations embedded in market value. A reverse discounted-cash-flow calculation can
recover combinations of revenue growth, margins, reinvestment, and discount rates that are consistent with an
observed market value. Those implied assumptions can then be compared with operating scenarios. The comparison
identifies dependence on favorable outcomes. It does not establish mispricing merely because the implied path is
demanding.

3.7 Validity Considerations

Four validity concerns require attention:

Construct validity. The framework measures monetization visibility and investment intensity, not directly measured
economic returns. The constructs are proxies for underlying economic phenomena that cannot be directly observed.

Internal validity. The comparative design cannot isolate Al-specific effects from other strategic initiatives. Firms
undertake multiple simultaneous initiatives that may affect observed outcomes.

External validity. The four cases represent large technology firms with substantial existing businesses. Findings may
not generalize to smaller entrants or firms in other sectors.

Reliability. The evidence classification protocol should produce consistent categorizations when applied by different
analysts. Inter-rater reliability testing is recommended for empirical implementation.



I INTERNATIONAL MULTIDISCIPLINARY JOURNAL OF RESEARCH
- FOR INNOVATION, SUSTAINABILITY AND EXCELLENCE

g Published by: RISEJOURNALS.ORG | Online ISSN: 3028-032X | Print ISSN: 3028-0370
| # VOLUME 5, ISSUE NO. 1

[ S

4. Comparaﬁve Ailalysis

Vo N

4.1 Alphabet: Cloud Infrastructure and AI-Enabled Advertising

Alphabet's Al monetization architecture combines three channels. First, Google Cloud provides directly billed Al
infrastructure and services, with revenue reported within the Google Cloud segment. Second, Al features enhance
search and advertising products, potentially increasing query volume, ad relevance, and pricing. Third, internal Al
applications improve operational efficiency.

The principal attribution challenge for Alphabet is separating Al-related cloud demand from broader cloud growth,
and Al-enabled advertising improvements from other advertising optimization initiatives. The company's disclosure
of Al-specific revenue is limited, requiring analysts to construct scenarios based on disclosed segment performance
and management commentary.

Table 5. Alphabet: Monetization Analysis

Dimension Assessment Evidence Required

Pathways Cloud infrastructure; Al services; Al-enabled | Product definitions, revenue attribution,
search and advertising infrastructure costs, substitution effects

Attribution Separating Al-related demand from broader Counterfactual construction for Al-specific

issue cloud and advertising growth contribution

Visibility Moderate-High for cloud; Low for Segment disclosure provides partial visibility
advertising

Capital High Data center and chip investments

intensity

4.2 Microsoft: Cloud Services and Enterprise Software

Microsoft's Al monetization architecture centers on two channels. First, Azure cloud services provide directly billed
Al infrastructure and platform services. Second, Al features are embedded in enterprise software products, including
Microsoft 365 and Dynamics, potentially increasing subscription value and pricing power.

The principal attribution challenge for Microsoft is separating paid Al adoption from existing software revenue and
bundled functionality. The company has disclosed some Al-specific metrics, including customer counts for Al

services, but has not provided comprehensive Al revenue disclosure.

Table 6. Microsoft: Monetization Analysis

Dimension Assessment Evidence Required

Pathways Cloud services; enterprise software; Al-enabled | Paid usage, pricing, retention, delivery costs,
productivity offerings associated capital commitments

Attribution Separating paid Al adoption from existing Counterfactual construction for Al-specific

issue software revenue and bundled functionality contribution

Visibility Moderate-High Some Al-specific metrics disclosed

Capital Moderate-High Data center investments; partnership-based

intensity model

4.3 Amazon: Cloud Infrastructure and Internal Applications

Amazon's Al monetization architecture combines three channels. First, AWS provides directly billed Al infrastructure
and services. Second, Al capabilities enhance e-commerce operations, including recommendations and logistics.
Third, internal Al applications improve operational efficiency across the company.

The principal attribution challenge for Amazon is distinguishing Al demand from broader cloud activity and company-
wide capital spending. Amazon's disclosure of Al-specific information is limited relative to its scale of investment.
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Table 7. Amazon: Monetization Analysis

Dimension Assessment Evidence Required

Pathways Cloud infrastructure; Al services; computing Workload economics, segment investment

technologies; internal applications allocation, utilization, relevant commitments

Attribution Distinguishing Al demand from broader cloud Segment-level analysis; counterfactual

issue activity and company-wide capital spending construction

Visibility Moderate for AWS; Low for other segments AWS segment provides partial visibility

Capital Very High Data center, chip, and logistics investments

intensity

4.4 Meta: Advertising Optimization and Internal Efficiency

Meta's Al monetization architecture centers on two channels. First, Al improves advertising targeting, measurement,
and creative optimization, potentially increasing advertiser value and pricing. Second, Al improves internal efficiency
in content moderation, infrastructure management, and other operations.

The principal attribution challenge for Meta is distinguishing Al-enabled revenue from incremental revenue caused
by Al The company's Al benefits are primarily embedded in existing advertising products, making attribution

particularly difficult.

Table 8. Meta: Monetization Analysis

Dimension Assessment Evidence Required

Pathways Advertising optimization; engagement- Adpvertising yield, engagement effects, cost
related monetization; internal efficiency savings, investment attribution, counterfactuals

Attribution Distinguishing Al-enabled revenue from Counterfactual construction; advertising yield

issue incremental revenue caused by Al analysis

Visibility Low Al benefits embedded in advertising performance

Capital High Data center and chip investments

intensity

4.5 Cross-Case Synthesis
Three patterns emerge from the comparative analysis:

First, monetization visibility varies systematically with commercial architecture. Alphabet and Microsoft, with
substantial enterprise-facing businesses, provide more observable indicators of Al monetization than Meta, whose Al
benefits are primarily embedded in advertising systems. This pattern supports Proposition 1, developed below.

Second, attribution difficulty is inversely related to monetization visibility. The firms with the most visible Al
revenue (Alphabet, Microsoft) also have the most complex attribution challenges because Al revenue must be
separated from related non-Al revenue streams. This pattern motivates the evidence classification protocol and the
emphasis on counterfactual construction.

Third, capital intensity varies across architectures. Amazon and Alphabet have the highest infrastructure intensity,
while Meta and Microsoft have comparatively lower infrastructure requirements relative to existing capital bases. This

variation affects cash-flow absorption dynamics and the interpretation of coverage ratios.

Table 9. Cross-Case Comparison Summary

Dimension Alphabet Microsoft Amazon Meta

Primary monetization Cloud + Cloud + Software | Cloud + E- Advertising
Advertising commerce

Al revenue visibility Moderate-High Moderate-High Moderate Low

Attribution difficulty High High Moderate Very High

10
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Capital intensity High Moderate-High Very High High
Cash-flow absorption High Moderate High Moderate
pressure

Note. Pathways are not mutually exclusive. No column is a performance score. Assessments are analytical
classifications, not empirical measurements.

5. Propositions and Framework Development
5.1 Research Propositions

Proposition 1. Monetization Visibility. Firms with separately billed Al offerings will provide more readily
observable monetization indicators than firms whose Al benefits are embedded in existing products. The proposition
concerns measurement visibility, not superior profitability.

Proposition 2. Investment—Revenue Timing. Greater temporal separation between infrastructure deployment and
commercial utilization will increase near-term cash-flow pressure, holding other funding sources constant. Whether
that pressure is inefficient investment depends on subsequent cash-flow realization.

Falsifiability condition: Proposition 2 would be falsified if firms with greater temporal separation between investment
and utilization did not experience greater near-term cash-flow pressure, controlling for funding sources and other
factors. Such a finding would suggest that either the timing gap is not economically meaningful or that firms
successfully manage the gap through other mechanisms.

Proposition 3. Indirect Monetization. The investment returns of firms that rely primarily on indirect Al monetization
will be more sensitive to assumptions about counterfactual revenue and cost performance. The proposition implies
greater attribution uncertainty. It does not imply lower returns.

Falsifiability condition: Proposition 3 would be falsified if firms with indirect monetization architectures did not
exhibit greater sensitivity to counterfactual assumptions in scenario analysis.

Proposition 4. Expectations and Financial Deterioration. Valuation sensitivity to unfavorable information will
increase when deteriorating cash-flow performance coincides with valuations that require persistently favorable
operating outcomes. The proposition requires longitudinal testing. It is not a deterministic prediction of a market
correction.

Falsifiability condition: Proposition 4 would be falsified if the joint presence of financial deterioration and demanding
market expectations did not predict greater valuation sensitivity in subsequent periods.

Table 10. Summary of Research Propositions

Proposition Key Constructs Testable Implication Data Requirements
P1: Monetization Commercial architecture; Directly billed Al — Segment disclosure;
Visibility Revenue observability higher revenue visibility Product-level revenue

P2: Investment—
Revenue Timing

Capital deployment;
Commercial utilization

Greater timing gap —
higher cash-flow pressure

Capital expenditure;
Utilization metrics

P3: Indirect
Monetization

Attribution uncertainty;
Counterfactual dependence

Indirect monetization —
higher assumption
sensitivity

Counterfactual estimates;
Sensitivity analysis

P4: Expectations and
Deterioration

Financial performance;
Market expectations

Deterioration + demanding

valuations — vulnerability

Financial ratios; Reverse
DCF assumptions

5.2 Valuation-Vulnerability Framework

5.2.1 Fundamental Indicators
Candidate firm-level indicators include the following. Each should be read relative to the firm's investment cycle and

portfolio.

11
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Persistent deterioration in operating-cash-flow coverage of capital expenditure.

Increasing capital commitments without corresponding evidence of commercial utilization.

Declining incremental margins or returns on invested capital.

Reduced financial flexibility.

Greater dependence on optimistic utilization, pricing, or asset-life assumptions.

5.2.2 Market and Narrative Indicators
Candidate market indicators include the following. Narrative measures require a reproducible coding protocol. Claims
about investor emotion, or about rejection of criticism, should not be inferred from selected quotations.
e  Valuations that require substantial improvement in growth or profitability.
Accelerating price momentum and changes in volatility.
Elevated turnover or leveraged participation.
Increasing reliance on distant commercial outcomes in investment narratives.
Widening disagreement between operating evidence and market-implied assumptions.

Table 11. Valuation-Vulnerability Indicators

Category Indicator Measurement Threshold Guidance
Fundamental Cash coverage CCR < 1.0 for > 2 quarters Firm-specific; consider
deterioration investment cycle
Fundamental Rising capital CapEx growth > revenue growth | Sustained over > 3 quarters
commitments
Fundamental Declining incremental AEBIT/ARevenue declining Compare to industry
margins
Fundamental Reduced financial Net debt/EBITDA increasing Rating agency thresholds
flexibility
Market Demanding valuation Reverse DCF implied growth > Scenario-dependent
historical
Market Price momentum 12-month return > 2 SD above Adjust for market
mean
Market Narrative intensity Content analysis coding Reproducible protocol
required

5.2.3 Diagnostic Interpretation Protocol

The framework treats the joint presence of fundamental deterioration and demanding market expectations as a reason
for enhanced scrutiny. It does not require every indicator to appear at once. Presence of the indicators does not establish
that a firm is inside an asset bubble. The output should be a conditional risk assessment, accompanied by the
assumptions and the evidence behind it.

The framework produces a conditional risk assessment based on the joint presence of fundamental deterioration and
demanding market expectations. We propose a three-tier classification:

Tier 1 (Enhanced Monitoring): One fundamental indicator present OR one market indicator present.
Tier 2 (Elevated Scrutiny): Two or more fundamental indicators present AND one or more market indicators present.

Tier 3 (High Vulnerability): Three or more fundamental indicators present AND two or more market indicators
present, with evidence of narrative-reality divergence.

This classification is illustrative. Empirical implementation should calibrate thresholds based on historical data and
validate against subsequent outcomes.

5.2.4 Validation Requirements
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To qualify as an early-warning model, the framework must be tested on information available at each historical
assessment date. Until that testing is complete, the framework remains a proposed diagnostic. Validation should

specify:

T L |

The forecast horizon.

The definition of an adverse valuation event.

The construction of each predictor.

False-positive and false-negative rates.

Performance relative to simpler benchmark models.
Robustness across alternative thresholds and market conditions.

AR

6. Discussion
6.1 Theoretical Implications

The framework contributes to GPT theory by specifying the measurement conditions under which GPT investment
returns can be assessed. It extends corporate finance applications to contexts where incremental cash flows are difficult
to isolate. It connects narrative economics to fundamental analysis by treating market narratives as potentially
informative signals about expected cash flows, not merely as sources of mispricing.

The integration of measurement theory with GPT analysis addresses a gap in the literature. While previous work has
documented the timing mismatch between GPT investment and productivity realization (David, 1990; Brynjolfsson
& Hitt, 2000), it has not provided firm-level measurement protocols. This paper fills that gap by specifying the
evidence required to assess Al investment returns and the conditions under which such assessment is feasible.

6.2 Practical Implications for Corporate Decision-Making

The framework asks boards to link investment approvals to observable commercial milestones: utilization, customer
adoption, unit economics, and incremental cash contribution. Evaluation should separate temporary cash-flow
compression from a persistent failure to earn an adequate return. The framework does not require every investment to
be financed by contemporaneous Al revenue. Long-lived assets and complementary innovations may justify a longer
realization period, provided the assumptions are transparent and are reassessed.

Boards and executives should consider three recommendations:

First, establish explicit commercial milestones for Al investments. These should include utilization targets,
customer adoption metrics, and unit economics thresholds. Milestones should be specific, measurable, and tied to
investment tranches.

Second, separate reporting of directly billed Al revenue from Al-enabled improvements in existing products.
This separation would improve attribution and enable more meaningful comparison across firms.

Third, conduct scenario analysis that makes assumptions about Al-specific returns explicit and testable.
Scenarios should include downside cases that test the robustness of investment theses.

6.3 Practical Implications for Investment Analysis

For investors, the implication is methodological. Al exposure is not a uniform economic category. Analysis should
separate financial flexibility, monetization evidence, and valuation expectations. A strong balance sheet does not
remove valuation risk. Weak current free cash flow does not establish value destruction. Comparison is more
informative when the same accounting periods, investment definitions, and attribution standards are applied across
firms.
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Investors should distinguish between firms with visible Al revenue and firms with embedded Al benefits. The former
provide more observable indicators but may have lower margins; the latter may have higher margins but greater
attribution uncertainty. Neither architecture is inherently superior.

6.4 Limitations

Methodological limitations. Case selection: Four large technology firms may not represent the broader population.
Temporal scope: The observation period captures early-stage Al deployment. Measurement: Reliance on public
disclosure limits precision.

Theoretical limitations. The framework does not model competitive dynamics. The framework does not incorporate
macroeconomic factors. The framework treats firm boundaries as given.

Empirical limitations. Al-specific disclosure may be insufficient to identify incremental revenue, cost, and invested
capital. Infrastructure assets can support several activities, which complicates allocation. Management-reported
annualized indicators may differ in definition and need not be audited revenue. Indirect benefits require a
counterfactual. Four cases cannot establish a general predictive relation between Al investment and market
corrections.

6.5 Future Research Directions
Five research streams would advance this agenda:

First, longitudinal empirical implementation. Construct firm-quarter panels with consistent capital expenditure
reconciliations and test the proposed propositions.

Second, measurement development. Develop and validate Al-specific revenue attribution methodologies using
natural experiments and disclosure changes.

Third, narrative analysis. Build reproducible coding protocols for Al investment narratives and test whether
narrative measures predict subsequent revisions.

Fourth, comparative extension. Apply the framework to smaller Al entrants, non-US technology firms, and Al
adopters in traditional industries.

Fifth, decision-theoretic extension. Model the optimal timing and staging of GPT investments under uncertainty,
incorporating real options considerations.

7. Conclusion

Al-related technological change creates a measurement problem as well as a capital-allocation problem. Investment
commitments may be observable before their economic benefits can be isolated. Directly billed Al revenue, Al-
enabled product revenue, and incremental Al cash flow are different quantities.

This paper makes three contributions to the literature. First, it provides a measurement framework that distinguishes
between revenue visibility, attribution, and economic return—a distinction that is often blurred in both academic and
practitioner discourse. Second, it specifies the evidence requirements for meaningful cross-firm comparison of Al
investment efficiency, providing a protocol that future empirical work can implement. Third, it proposes testable
propositions that link commercial architecture to measurement challenges and valuation vulnerability, establishing a
research agenda for longitudinal investigation.

The framework developed here separates corporate cash-flow absorption, investment profitability, and market-implied

expectations. It states comparative questions and testable propositions. It does not rank Alphabet, Microsoft, Amazon,
and Meta.

14



- FOR INNOVATION, SUSTAINABILITY AND EXCELLENCE

Published by: RISEJOURNALS.ORG | Online ISSN: 3028-032X | Print ISSN: 3028-0370
# VOLUME 5, ISSUE NO. 1
[ e o e— . . e

Investment size, current free cash flow, and narrative intensity cannot independently establish capital efficiency or
valuation mispricing. A defensible assessment requires consistent disclosure, explicit attribution assumptions, and
evidence that links capital commitments to incremental economic outcomes.

As Al transitions from an emerging technology to an embedded infrastructure, the measurement challenges identified
here will become more acute, not less. The framework developed in this paper provides a foundation for addressing
those challenges systematically. The ultimate test of Al investment efficiency will not be the scale of capital deployed
or the intensity of market narratives, but the incremental cash flows that Al investments generate relative to their
opportunity cost.
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