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Abstract

The resource-based view treats R&D expenditure as an input into firm-specific knowledge. Its empirical link
with productivity, however, depends on how the two constructs are measured. This pilot uses 60 full annual
reports disclosed through CNINFO for 12 Shenzhen manufacturing and technology issuers during 2019-2023.
After the pre-specified completeness and history rule, the analytic panel contains 48 firm-years from 10 firms.
The author estimates a revenue-based productivity residual and compare pooled, fixed-effect, lagged,
alternative-outcome, denominator, tail, resampling, temporal, and first-difference specifications. Revenue-
share R&D is negative in the firm and year fixed-effect model, whereas R&D scaled by fixed assets is
imprecise. A 1,999-resample full-chain firm bootstrap also includes zero. The evidence does not identify a
causal R&D effect or describe all Chinese listed firms. It instead shows why an auditable reporting pipeline
and denominator checks are needed before resource-based arguments are turned into productivity claims.
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1. Introduction

Firm R&D spending can add to knowledge resources that competitors may not readily reproduce. RBV is
concerned with heterogeneous, hard-to-trade knowledge assets and with the organizational conditions that turn
them into performance [1, 2]. Reported R&D is a visible indicator of knowledge-building effort, but its
economic meaning is not straightforward. Spending may come before commercialization, accompany
restructuring costs, or be recorded differently across reports. In an observational panel, current expenditure
and a measured productivity gain therefore need not appear at the same time.

The Chinese context intensifies this issue without getting rid of it. New research on listed companies
indicates that productivity has to do with ownership, knowledge-based capital, and policy exposure, but R&D
is just one of the inputs in a more comprehensive package of resources [3-5]. A representative database and a
structural productivity design would have been required to calculate such mechanisms. The paper cannot
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replace the small disclosed-report panel to perform this. It rather makes use of the pilot to inquire if an
intuitively obvious R&D-productivity relationship can withstand a clear shift in the denominator of R&D
intensity and a series of predetermined sensitivity tests. The smaller question is achievable using publicly
available documents and is meaningful to scholars who need to choose which of the reported ratios are really
indicative.

This paper asks a deliberately limited question: what does a transparent public-report pilot show about the
sensitivity of the R&D-productivity association to operationalization? Instead of claiming a market-wide
causal effect, the author builds a reproducible CNINFO-based panel and sets out a small specification ladder
before interpreting an estimate. The paper links source URLs, identifiers, document hashes, extraction anchors,
and exclusions for each report. It then compares revenue-share R&D with R&D-to-fixed-assets, which does
not share the revenue denominator with the outcome. Negative, null, and imprecise estimates are reported
together. Their disagreement is treated as measurement evidence rather than as a reason to select a favorable
result.

The rest of the paper is organized as follows. Section 2 reviews the relevant literature. Section 3 describes
the annual-report panel and the empirical specifications. Section 4 presents the pre-specified estimates and
sensitivity checks. Section 5 interprets the results through RBV while considering measurement alternatives.
Section 6 concludes the paper.

2. Related Work

The difference between a resource input and a realized productivity has existed in the fields of strategy and
economics for quite some time. The account of firm growth given by Penrose focuses on the productive service
generated by the resources in use instead of merely a resource label [6]. New China-specific literature also
views R&D as a component of a broader innovation process: it can influence productivity as a form of product
and process innovation and its relationship can be different under various conditions of ownership and
organizations [7-9]. These mechanisms allow contemporaneous accounting ratios to be useful empirical
signals, but do not directly measure an intangible capability. Small panels have the ability to capture R&D
prior to commercialization or during changes in the product mix.

Annual report of Chinese listed companies allows observing the R&D, revenue, fixed assets and
employment at the issuer-year level, but also reveals a measurement issue. When productivity is estimated in
terms of revenue and R&D is divided by revenue, the regressor and outcome have the same denominator. A
significant coefficient could therefore be a result of construction as opposed to a transformation of resources.
The literature on productivity has long cautioned that production-function estimates are prone to the careful
consideration of inputs and unobserved heterogeneity [10, 11]. Since the published reports have not offered a
consistent set of intermediate-input or investment information, the current work does not aim at identifying
structure TFP, but tests an auditable proxy and its sensitivity to the denominator. The new research on Chinese
listed companies also notes different TFP trends under various institutional and local settings [5, 12].

3. Data and Method

3.1 Auditable Annual-report Panel

The author compiled 60 full annual reports for 12 Shenzhen-listed manufacturing and technology firms
over fiscal years 2019-2023. The reports came from CNINFO's historical-announcement interface, China's
designated information-disclosure platform [13]. For each document, the extraction pipeline retained the
announcement identifier, disclosure URL, local file name, and SHA-256 hash. Report-table anchors provided
revenue, reported R&D expenditure (the R&D-expense field), fixed assets, and employee counts. A firm-year
entered the analytic sample only if all four anchors were present; no field was manually completed or imputed.
Fifty-one firm-years met this rule, and the pre-specified requirement of at least three observations per firm left
48 firm-years from 10 firms.

This screening rule separates document traceability from econometric adequacy. The four anchors are
needed to calculate the pre-specified ratios and the revenue-based proxy, while the minimum-history rule is
needed for within-firm comparisons. The rule does not make the retained observations random. Excluded
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reports were kept in the source manifest, so the sample flow can be checked rather than inferred from a final
regression table. Values are fiscal-year accounting measures. The analysis does not rebuild a perpetual-
inventory R&D stock or harmonize unreported project-level information.

The design is a pilot, not a representative census of Chinese listed firms. It was chosen because every
observation can be traced to a public primary document. The analysis therefore gives priority to provenance
and clear sensitivity checks over breadth. This is consistent with RBV's concern with context-specific
resources, without claiming that the observed firms represent all sectors, exchanges, or ownership forms.

3.2 Variables and Specifications

Let Y;; denote revenue, K;; fixed assets, L;; employees, and RD;; reported R&D expenditure for firm i in
year t. The revenue-based productivity proxy is the residual @;; from

logY;; = BxlogK;, + BlogLi; + T¢ + uy;. (D

The author treats this residual as a revenue-based productivity proxy, not as a structural measure of physical
total factor productivity. The revenue-scaled intensity is RDIf®Y = RD;./Y;; x 100, and the denominator-
sensitive alternative is RDI* = RD;;/K;; x 100. The association model is

@it =a+ yRDllt + 'ul + Tt + Eit' (2)

where RDI;; denotes either stated intensity, y; and 7, are firm and year effects, and €;; is the remaining
error. Firm-clustered covariance estimates are reported for fixed-effect models and HC3 estimates for pooled
models.

All monetary anchors were normalized to RMB 10,000 before ratios and logarithms were formed. The
author used natural logarithms and retained only observations with non-missing R&D, revenue, fixed assets,
and employment, with strictly positive revenue, fixed assets, and employment; R&D was allowed to equal
zero. No missing value was imputed. The residual model is OLS with year indicators and HC3 covariance; the
association models use OLS with issuer and year indicators, with issuer-clustered covariance where fixed
effects are included. Thus, the reported adjusted R? values describe fitted regressions rather than a separate
production-function estimator.

The replication routine reads the frozen observation file, chooses report rows that are marked as ready,
applies the complete-anchor and minimum-history principles, and computes ratios, logs, residuals, and the
one-year lag after sorting issuer-years. It creates the pre-specified estimate table, analytic panel, and sensitivity
results of the same retained sample. A reproducibility companion record associates every pre-specified
executable specification with its paper label, its presence of an R&D term, its sample and covariance option,
so that a narrative label does not take the place of a unique regression.

The residual structure is intentionally low-key. This eliminates the fitted correlation between revenue and
two observed factors of production and common year effects; this does not recapture physical output, markups,
materials, capital utilization or a structural productivity process. Traditional methods like Olley-Pakes and
Levinsohn-Petrin deal with unobserved productivity with more detailed information about inputs and
investments [14, 15]. The selected reports do not have those data regularly. The author hence refers to the term
using the phrase revenue-based productivity proxy in all cases and considers how an inference would change
if R&D were measured on a scale of fixed assets instead of revenue. The other denominator is not a cure to
endogeneity; however, it removes the direct shared-revenue part in the central comparison.

The final specification ladder includes pooled estimation with log-input and year fixed effects, fixed effects
on both firm-years, 1-year R&D lag, log revenue per employee as an alternate outcome, and the denominator
of fixed assets. No-R&D fixed-effect model was calculated solely as an outcome comparison and it does not
contain coefficient of R&D. Further, the author had pre-specified five symmetric winsorization levels, leave-
one-firm-out estimates, six overlapping temporal windows, and first-difference diagnostics. To compensate
the few numbers of firms, the author also conducted 1,999 firm-cluster resamples (seed 20260823) and
reestimated both the residual equation and the association model on each sample. Such a full chain distribution
is a sensitivity diagnostic rather than an alternative to proper causal inference or a definitive small cluster
inference.
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The ladder is supposed to enable putting the interpretation into falsifiability in the pilot. A constant positive
finding should be directionally consistent after eliminating the common denominator, altering the time slice,
and excluding the individual companies. On the other hand, the negative revenue-share coefficient should not
be considered as a RBV contradiction because it vanishes with this measure change. The protocol prevents the
statement to go beyond the observed relationship in that it records the reason why more causal language would
involve larger panels, lag orders, and exogenous variation.

4. Results

The 48 retained firm-years vary substantially in revenue, fixed assets, employment, and reported R&D
expenditure (Table 1). Mean revenue-scaled R&D expenditure was 7.883%, while the fixed-assets-scaled ratio
averaged 44.916%. Figure 1 shows the raw relation between revenue-share R&D and the productivity residual.
It is descriptive rather than an effect estimate because firm-specific factors and the common revenue
component have not been removed.

Table 1: Summary statistics for the analytic panel. Monetary values are RMB 10,000, ratio values are percentages

Variable N Mean SD Min. Median Max.
Revenue 48 12,887,111 13,882,278 641,164 7,580,516 60,231,535
Fixed assets 48 5,223,750 7,155,910 127,875 1,851,950 23,090,382
Employees 48 91,219 133,873 9,104 45,578 703,504
R&D expenditure 48 708,564 676,420 45,866 555,659 3,957,495
R&D / revenue (%) 48 7.883 3.852 3.464 6.553 17.716
R&D / fixed assets (%) 48 44916 38.836 3.390 32.160 123.240
Productivity residual 48 0.000 0.349 -0.683 0.028 0.670

Figure 1: Descriptive pattern between R&D intensity and the revenue-based productivity residual
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Table 2 reports the pre-specified estimates. The pooled R&D/revenue coefficient was —0.0278 per
percentage point (95% CI [—0.0663,0.0107]). With firm and year effects, the coefficient was —0.1215 (95%
CI [-0.1710,—0.0719]). The one-year lag estimate, based on 38 observations, was —0.0771 and its interval
included zero. Replacing the residual with log revenue per employee yielded —0.1207, but this outcome
remains tied to revenue. These estimates are not read as evidence that R&D reduces productivity because the
principal intensity and the principal outcome share revenue.

Table 2: Pre-specified association estimates. Ratio coefficients are per percentage point

Specification Estimate 95% CI N Firms Effects
Pooled R&D / revenue -0.0278 [-0.0663, 0.0107] 48 10 Year
FE, R&D / revenue -0.1215 [-0.1710, -0.0719] 48 10 Firm + year
Lagged R&D / revenue, FE -0.0771 [-0.1780, 0.0237] 38 10 Firm + year
Labor-productivity outcome, FE -0.1207 [-0.1736, -0.0678] 48 10 Firm + year
FE, R&D / fixed assets 0.0020 [-0.0030, 0.0070] 48 10 Firm + year
First difference, R&D / fixed assets 0.0034 [0.0014, 0.0054] 38 10 Year
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Pooled OLS includes log fixed assets, log employees, and year effects with HC3 covariance. Fixed-effect
and first-difference rows use firm-clustered covariance (10 clusters). The no-R&D fixed-effect benchmark is
used only for outcome fit and is not listed because it has no R&D coefficient. Conventional adjusted R? is not
reported as a within-fit statistic, and fit values are not comparable across the alternative outcome or first-
difference model.

The denominator change is associated with a different pattern. For R&D divided by fixed assets, the
firm/year fixed-effect estimate was 0.0020 per percentage point with a 95% interval of [—0.0030,0.0070].
The point estimate was positive but imprecise. Table 2 shows this contrast across the pre-specified ladder. The
comparison indicates that the association is sensitive to the R&D denominator and cannot support a single
directional interpretation of the pilot panel.

Sensitivity checks did not convert the capital-scaled estimate into a precise effect. The 2019-2021 and
2021-2023 windows produced estimates of 0.0038 (95% CI [—0.0050,0.0127]) and 0.0022 (95% CI
[—0.0056,0.0099]), respectively. The 1,999-resample full-chain firm bootstrap percentile interval was
[—0.0077,0.0073], with a median estimate of 0.0018. Thus, resampling firms did not turn the small positive
point estimate into a consistently positive result. Figure 2 summarizes the six temporal windows, and Figure 3
displays the bootstrap coefficient distribution.

Figure 2: Temporal-window sensitivity for R&D divided by fixed assets. All confidence intervals include zero
Temporal-window sensitivity: R&D / fixed assets
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Figure 3: Full-chain firm-cluster bootstrap distribution for the R&D-to-fixed-assets fixed-effect estimate, based on
£=1,999 bootstrap resamples. Each draw re-estimates the revenue-residual and association equations. The red line is
the original estimate, the dashed line is zero, and dotted lines mark the percentile 95% interval
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Tail trimming and leave-one-firm-out checks serve a different purpose from the confidence intervals. The
factors ask whether a result is driven by a small number of unusually high-intensity observations or by a single
issuer that exerts unusually strong influence in a short panel. Across the pre-specified symmetric winsorization
grid, the revenue-share fixed-effect coefficient remained negative, from —0.0936 to —0.1345, with all
intervals below zero. This stability does not make the coefficient a resource effect because the shared revenue
component remains in every version. In contrast, each leave-one-firm-out interval for the capital-scaled model
crossed zero; point estimates ranged from —0.0012 to 0.0029.

First differences provide a mixed diagnostic. Pooling all annual changes with year effects produced 0.0034
(95% CI1[0.0014,0.0054]) for the capital-scaled measure, whereas the 2021-2022 change was close to zero
and imprecise. The first-difference estimate is reported in Table 2 rather than treated as a hidden favorable
result. Its smaller effective sample, short period, and overlapping diagnostic windows do not distinguish a
delayed innovation return from period-specific composition or reporting variation. It is therefore a record of
within-firm changes, not confirmation of a causal pathway. In combination, the diagnostics favor a
measurement-sensitive account and do not support a stable ranking of firms by innovation effectiveness within
this pilot panel.

5. Discussion

The pilot does not advocate a straightforward assumption that greater reported R&D intensity will increase
measured productivity. Its more acceptable contribution is diagnostic. According to RBV, knowledge
resources have potential to generate advantage if integrated into supplementary organizational and business
assets [2, 16]. The annual report records an input to this process in the form of R&D expenditure and does not
record the outcome capacity, when commercialized or how appropriable it was. An association that is weak or
unstable contemporaneously may also be consistent with RBV and with more recent findings that returns to
innovation vary by ownership and organizational contexts [4, 9].

The RBYV interpretation also clarifies what R&D can and cannot represent here. R&D is a visible input, but
a resource-based explanation depends on the package around it: people, routines, complementary assets, and
the capacity to turn technical knowledge into sales. The annual reports provide standardized spending, selected
balance-sheet items, and employee counts, but reports do not measure those complements directly. The paper
therefore does not test a mediation mechanism or claim that RBV is validated. RBV is used as an interpretive
framework for why expenditure alone may be insufficient and why time and firm differences matter.

The negative revenue-share coefficients have a particularly important rival explanation. Revenue is used
both in the intensity denominator and in the construction of the productivity proxy. A decline in revenue can
mechanically raise RD /Y while reducing a revenue-based residual, producing a negative relation even if the
underlying stock of knowledge is valuable. The R&D-to-fixed-assets estimate avoids that exact coupling, but
it is imprecise in this small panel. The appropriate conclusion is neither that R&D is harmful nor that a positive
effect has been recovered. Instead, the outcome shows that the interpretation is measurement-sensitive.

Several limitations set the boundary of the paper. The source frame is restricted to selected Shenzhen
manufacturing and technology issuers, and the short 2019-2023 window offers limited power for firm-
clustered inference. Revenue is not physical output, fixed assets omit intangible capital, and public-report
extraction cannot recover all controls used in larger commercial databases. The design also lacks an exogenous
R&D shock, so it cannot distinguish R&D causing productivity from productivity influencing R&D budgets.
These limitations are reported because such limitations define the next empirical step: a broader verified panel,
alternative output measures, and a credible source of R&D variation.

With a larger issuer panel, the analysis could add industry-by-year controls, longer lags, and explicit
treatment of entry, exit, and missing disclosure. When production data separate quantities from prices and
include intermediate inputs, a TFP interpretation would be more defensible. A causal design could also use a
policy change, a funding-eligibility threshold, or another external source of R&D variation with credible
exclusion restrictions. The current pilot does not provide those conditions. It instead shows the evidence gap
between a reproducible association study and a policy recommendation.

For conference readers, the practical implication is modest. Public disclosure can support reproducible
evidence when its provenance chain is explicit. It should not be used to manufacture a precise general
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conclusion. Researchers who rely on R&D intensity should report denominator alternatives and clarify whether
productivity is revenue-based, quantity-based, or estimated with richer production-function data.

6. Conclusion

This study built a traceable annual-report pilot to examine the association between reported R&D
expenditure and a revenue-based productivity proxy among selected Shenzhen-listed firms. The pre-specified
models gave negative revenue-share estimates but an inconclusive R&D-to-fixed-assets estimate. Temporal,
full-chain bootstrap, first-difference, and leave-one-firm-out diagnostics did not establish a stable positive
effect. The conclusion is therefore narrow: in a public-report pilot, the R&D—productivity relation depends
materially on operationalization. Future research should use broader verified panels, non-revenue output
measures, and designs that address the joint determination of innovation expenditure and productivity.
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