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Abstract

Within the hospitality sector, restaurants face growing pressure to integrate sustainable
practices while maintaining economic viability. Two fundamental questions remain: do
sustainability practices command price premiums, and does this relationship vary across
market segments? This study employs dictionary-based text analysis to quantify sustain-
ability practices from approximately 4.4 million consumer reviews spanning 38,930 U.S.
restaurants (2018–2023). We make two methodological contributions: First, we identify a
measurement artifact—sigmoid normalization applied to sparse keyword data can inflate
regression coefficients by 25–44×—and we propose a log-density transformation that pre-
serves measurement validity. Second, using hedonic pricing models with city and cuisine
fixed effects, ordered logit specifications, and interaction models, we document a monotoni-
cally decreasing relationship between restaurant quality and sustainability-associated price
premiums. Lower-rated establishments (<3.0 stars) exhibit a positive premium of +2.60%,
mid-tier restaurants (3.0–4.0 stars) exhibit -0.61%, and higher-rated establishments (>4.0
stars) exhibit −2.06%. The interaction between sustainability and star rating is strongly
negative (βint = −0.042, p < 0.001), indicating that sustainability’s marginal pricing associ-
ation diminishes by approximately 4.2 percentage points per additional star. These results
suggest that sustainability functions as a quality signal in lower-tier markets but transitions
to a baseline expectation in higher-quality segments. The findings inform differentiated
strategies for restaurant operators, certification bodies, and policymakers.

Keywords: restaurant sustainability; green premium; hedonic pricing; dictionary-based
text analysis; market segmentation; hospitality; text mining; measurement artifacts

1. Introduction
The tourism and hospitality industries occupy a central position in global sustainabil-

ity transformation. As the sector recovers from pandemic-era disruptions, stakeholders face
growing pressure to reconcile business operations with environmental imperatives while
preserving economic viability [1,2]. Digital technologies increasingly facilitate evidence-
based sustainability assessment across hospitality ecosystems [3]. Within this context, food
service establishments—integral to destination competitiveness and visitor experience—
represent both significant environmental liabilities [4,5] and potential pathways for sustain-
able innovation [6].

Restaurants constitute a critical yet insufficiently examined dimension of hospitality
sustainability. The food service sector accounts for approximately 8–10% of global green-
house gas emissions through energy-intensive operations, supply chain logistics, and food
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waste generation [7]. In the United States alone, restaurants generate over 11 million
tons of annual food waste while consuming substantial water and energy resources [8].
These environmental externalities directly intersect with the United Nations Sustainable
Development Goals, particularly SDG 12 (Responsible Consumption and Production) and
SDG 13 (Climate Action).

Consumer environmental awareness has intensified in recent years [9], with diners
showing growing interest in sustainable dining options beyond superficial “greenwash-
ing” claims [10]. Restaurants respond through sustainability practices including local and
organic sourcing, waste reduction protocols, energy-efficient equipment, and water con-
servation technologies [11,12]. The concept of “sustainable sushi,” for example, illustrates
how leading sushi restaurants globally are implementing self-disclosed food sustainability
measures [13]. The economic viability of these sustainability practices, specifically, whether
they command sufficient price premiums to offset implementation costs, presents a complex
challenge: do these practices command sufficient price premiums to offset implementation
costs or do they necessitate ongoing subsidization?

Existing empirical evidence yields divergent conclusions regarding sustainability’s eco-
nomic returns in hospitality. Some studies document positive “green premiums,” including
eco-certification revenue effects in hotels [14], consumer willingness to pay for sustain-
able food products [15], brand-framing effects on green hotel premiums [16], and legacy-
motivated packaging premiums [17]. Others report ambiguous or negative effects: Andre-
ica Mihuţ et al. [18] explored the “green paradox” whereby perceived greenwashing erodes
consumer trust, producing negative economic consequences; Haldorai et al. [19] found
through longitudinal analysis that the relationship between environmental practices and
financial performance remains inconclusive, as implementation costs may offset financial
gains; and Elhoushy et al. [20] confirmed in a systematic review that sustainable tourism
certifications yield mixed results, with many failing to deliver the expected economic
returns. We contend that these contradictions reflect several interrelated methodological
shortcomings: Standard text analysis normalization techniques can substantially distort
coefficient estimates when applied to sparse keyword data—a computational artifact we
identify and quantify below. Existing studies also share a sampling constraint: reliance on
small samples (typically N < 1000) and self-reported metrics limits statistical power and
external validity. Compounding both issues, the prevailing failure to accommodate mar-
ket positioning heterogeneity obscures segment-specific dynamics that pooled estimates
cannot capture.

The central research questions guiding this investigation are: how does the associ-
ation between sustainability practices and restaurant pricing vary across market quality
segments, and what measurement considerations affect the reliability of text-based sustain-
ability quantification?

This study analyzes 38,930 U.S. restaurants and approximately 4.4 million consumer
reviews (2018–2023) to examine how sustainability-associated price premiums vary across
market segments. Using dictionary-based text analysis, hedonic pricing models with city
and cuisine fixed effects, ordered logit specifications, and interaction models, we document
a monotonically decreasing pattern: sustainability practices are associated with positive
price premiums in lower-rated restaurants (+2.60%), declining to negative associations in
mid-rated (−0.61%) and higher-rated (−2.06%) establishments. This pattern is confirmed
by a strongly negative sustainability × stars interaction (β = −0.042, p < 0.001) and
is robust to alternative specifications including ordered logit models and city-clustered
standard errors.

These findings carry implications for operators, policymakers, and researchers alike.
Restaurant operators can calibrate sustainability investment strategies to their market
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positioning, while certification bodies and policymakers may benefit from designing differ-
entiated support programs rather than uniform incentive structures. From a methodological
standpoint, pooled estimates of sustainability premiums can obscure meaningful variation
across quality segments—a risk that extends to the broader empirical literature.

The study makes three contributions: Methodologically, we identify and demonstrate
a measurement artifact whereby sigmoid normalization applied to sparse keyword counts
can inflate coefficient estimates by 25–44× depending on normalization parameters, and we
propose a log-density transformation that preserves measurement validity. Empirically,
we provide large-scale evidence that the sign and magnitude of the sustainability–price
association vary systematically with restaurant quality positioning. Theoretically, the results
shed new light on how sustainability may transition from a competitive differentiator to a
baseline expectation as market quality rises.

The remainder of this paper is organized as follows: Section 2 reviews the literature.
Section 3 describes data and methods. Section 4 presents results. Section 5 discusses
implications and limitations. Section 6 concludes.

2. Literature Review
2.1. Hospitality Sustainability and Restaurant Innovation

While the restaurant sector’s environmental liabilities are well documented (Section 1),
the academic response has increasingly shifted from quantifying impacts to investigating
mitigation pathways. Circular economy frameworks—encompassing food waste recov-
ery, reusable packaging, and closed-loop supply chains—offer both environmental and
economic benefits [21,22]. Emerging scholarship is investigating behavioral interventions,
such as menu design nudges and default option manipulation, to promote sustainable
dining choices [23,24], while industry-level transitions toward carbon-neutral operations
align with broader climate mitigation targets [25,26].

Despite these advances, adoption barriers impede sustainability diffusion among small
and medium-sized independent restaurants—the dominant ownership structure in the in-
dustry. Principal obstacles include substantial upfront capital costs, limited sustainable sup-
plier availability, and knowledge deficits concerning best practices [11,27]. The pandemic-
era disruption of established business models created windows for green innovation adop-
tion yet also intensified financial constraints that limit investment capacity [1,8]. Critically,
uncertainty regarding economic returns remains the most consequential barrier: insuffi-
cient evidence on whether sustainability generates price premiums or requires ongoing
subsidization creates informational asymmetries that impede rational investment decisions.

The growing availability of large-scale consumer review platforms offers a promising
avenue for addressing this evidence gap. Online reviews have demonstrated significant
influence in purchasing decisions and business performance [28] and carry real economic
consequences—including effects on small business lending [29]—establishing that review-
derived measures have material economic validity. However, the integrity of online reviews
faces systematic threats, including organized fraudulent review production [30] and rep-
utation bias [31], requiring careful methodological design when leveraging such data for
empirical analysis. We therefore turn to existing theory and empirical evidence to examine
what determines whether sustainability investments command price premiums.

2.2. The Green Premium Debate: Theory and Evidence

Economic theory yields competing predictions regarding sustainability and pricing.
The theoretical foundations for green premium formation draw on several complementary
frameworks. Signaling theory [32] posits that costly sustainability investments serve as
credible signals of otherwise unobservable quality attributes, a mechanism particularly
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effective under information asymmetry. Value–Belief–Norm (VBN) theory extends this
logic by modeling the psychological pathway from environmental values to behavioral
intentions. Majeed et al. [33] applied this framework to green corporate social responsibility
(CSR) in hospitality, demonstrating that consumers’ environmental worldview, awareness
of consequences, and ascription of responsibility sequentially mediate willingness-to-pay
premiums for green hotel attributes. Complementing VBN theory, Pan and Zhou [34] syn-
thesized evidence on pro-environmental behavior in hospitality, identifying social norms,
perceived behavioral control, and environmental attitude as key antecedents of sustainable
consumption—mechanisms that collectively underpin the demand-side basis for green
pricing power. Additionally, conspicuous conservation facilitates identity expression and
social status signaling, particularly among environmentally conscious consumers [35].

Empirical evidence on green premiums in hospitality has grown substantially in
recent years, though findings remain heterogeneous. In the hotel sector, willingness-to-pay
(WTP) studies document positive premiums for eco-certified attributes [16,36], yet these
effects vary by cultural context and consumer segment. In the restaurant and food service
sector, Kesgin et al. [17] found significant WTP premiums for sustainable food packaging,
moderated by environmental concern and dining context. Meta-analytic evidence reinforces
these positive signals: Li and Kallas [37] synthesized 80 global studies and documented
an average willingness-to-pay premium of 29.5% for sustainable food products, while Yu
et al. [38] demonstrated that comparative advertising for organic ingredients significantly
elevates WTP premiums in restaurant contexts. However, certification-based studies reveal
important boundary conditions: Mao et al. [39] found that TripAdvisor’s GreenLeaders
certification had mixed revenue effects—positive for luxury-tier properties but negligible
or negative for economy-tier establishments—an early indication that sustainability’s
economic returns may depend on market positioning. Similarly, Assaker and O’Connor [40]
reported that certification influenced booking intentions primarily among environmentally
committed consumer segments, suggesting limited pricing power beyond niche markets.

Conversely, the null-or-negative hypothesis identifies pathways whereby sustainabil-
ity might fail to generate pricing power. If implementation costs substantially exceed
consumer willingness to pay, restaurants may absorb costs through margin compression
rather than price increases. Specific sustainable practices—waste reduction, energy ef-
ficiency, local sourcing—may reduce operating costs, facilitating price reductions while
preserving profitability [8]. As sustainability practices proliferate, competitive dynamics
may erode first-mover advantages. Longitudinal evidence confirms that environmental
practices do not reliably translate to financial gains, as implementation costs may offset
revenue benefits [19], and systematic reviews of sustainable tourism certifications have
found mixed or negligible economic returns across certification programs [20]. Context-
dependent associations between environmental practices and pricing outcomes further
underscore the absence of a universal green premium [18].

Taken together, the empirical literature reveals a paradox: individual studies docu-
ment either positive or null/negative premiums, yet no consensus emerges. We contend
that this inconsistency reflects two interrelated limitations: First, a substantive gap: existing
studies share common methodological constraints such as reliance on stated-preference
surveys (typically N < 1000), single-certification designs, and failure to account for market
segment heterogeneity. Second, a measurement gap: text-based approaches to sustainability
measurement involve normalization, weighting, and aggregation choices that can substan-
tially affect results [41–43], yet these choices are rarely subjected to systematic scrutiny in
hospitality applications. Dictionary-based text analysis of consumer reviews—combining
transparency and reproducibility [44,45] with scalability across large corpora [46]—offers
a pathway to address both gaps simultaneously, yet, in applying this approach, we iden-
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tify a previously undocumented measurement artifact whereby sigmoid normalization of
sparse keyword counts can inflate coefficient estimates by 25–44×, underscoring that the
measurement gap remains an active methodological challenge. Closing the substantive gap
in turn requires explicit attention to whether premiums vary across market segments—the
theoretical question we develop next.

2.3. Market Segmentation and Quality-Dependent Premiums

Restaurant markets exhibit pronounced stratification. Quality tiers—from fast food to
casual dining to fine dining—serve distinct clientele segments with divergent price sensitivi-
ties, value perceptions, and sustainability expectations. The hedonic pricing framework [47]
provides the conceptual foundation for decomposing product prices into implicit valuations
of constituent attributes. Recent applications of hedonic methods to hospitality have exploited
large-scale online data: Sanchez-Lozano et al. [48] applied big data hedonic pricing mod-
els to hospitality establishments, demonstrating that location, amenities, online reputation,
and service attributes jointly explain substantial pricing variation, with online reputation
measures (star ratings, review sentiment) emerging as particularly influential determinants.
Signaling theory [49] predicts that sustainability’s utility as a quality signal should diminish
as baseline quality increases: in low-quality segments where information asymmetry is high,
sustainability provides a valuable credible signal; in high-quality segments where quality is
already well established, sustainability adds less informational value.

Identity-based consumption frameworks predict that sustainability facilitates self-
expression most effectively for middle-status consumers pursuing differentiation [35].
High-status consumers may perceive sustainability as a baseline requirement rather than
a differentiator, while price-sensitive consumers may prioritize affordability over envi-
ronmental attributes [50,51]. The empirical evidence reviewed above provides indirect
support for this quality-contingent hypothesis: Mao et al.’s (2023) [39] finding that Green-
Leaders certification benefits luxury but not economy hotels and Assaker and O’Connor’s
(2023) [40] finding that certification effects concentrate among committed segments both
suggest that sustainability’s pricing power varies systematically across market positions.

These theoretical perspectives lead us to hypothesize that sustainability premiums
decrease monotonically with restaurant quality, being positive in lower-tier segments
(quality signaling mechanism), diminishing through mid-tier segments, and approaching
zero or becoming negative in upper-tier segments (baseline expectation). The empirical
framework and measurement approach employed to test this hypothesis are described in
the following section.

3. Data and Methods
3.1. Data Sources

We employ the Yelp Academic Dataset (2023 release), which provides business
and review data for commercial establishments across the United States. From the full
dataset, we extract all establishments classified as “Restaurants” or “Food,” yielding
52,268 establishments. We apply two filters: price tier information availability (retain-
ing 44,484 establishments) and minimum review volume (at least 10 reviews, yielding
38,930 establishments). Table 1 documents this sample construction process.

Table 1. Sample construction.

Step N

All restaurant/food businesses 52,268
With price tier information 44,484
With ≥10 reviews (final sample) 38,930
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For each establishment, we compile the (1) aggregate star rating (1–5 scale), (2) price
tier ($, $$, $$$, $$$$), (3) review count, (4) location (city, state), (5) business categories,
(6) business name (for chain identification), and (7) the full text of all user reviews. The sam-
ple encompasses approximately 4.4 million reviews spanning 2018–2023.

This dataset offers several advantages for studying sustainability pricing: the large
sample size enables detection of heterogeneous effects across segments; consumer-
generated reviews represent authentic dining experiences rather than hypothetical survey
responses susceptible to social desirability bias, with documented associations between
online reviews and business outcomes [29]; and comprehensive sustainability capture en-
compasses both formal certification and informal practices as perceived by actual patrons.

However, consumer-generated reviews have well-documented limitations: First, rep-
resentativeness: online reviewers constitute a self-selected sample that may skew toward
younger, more digitally engaged demographics [28,31]. Second, manipulation: while Yelp
employs proprietary algorithms to filter fraudulent content [30], some inauthentic reviews
may persist. Third, extremity bias: voluntary reviewers tend to over-represent extreme
experiences. We note that sustainability-related keyword mentions are unlikely targets for
strategic manipulation (unlike star ratings or general praise), partially mitigating these
concerns for our specific measurement approach.

3.2. Variable Construction
3.2.1. Dependent Variable: Price

Yelp categorizes restaurants into four price tiers based on approximate per-person
meal cost: $ (<$10), $$ ($10–25), $$$ ($25–60), and $$$$ (>$60). Following standard hedonic
pricing methodology [47], as applied to restaurant contexts by Sanchez-Lozano et al. [48],
we convert these ordinal tiers to approximate dollar midpoints for regression analysis: $8.00,
$17.50, $42.50, and $80.00, respectively. The first three values represent the approximate
midpoints of their respective ranges; the fourth ($80) represents a conservative estimate for
the open-ended upper tier. We log-transform these values for OLS estimation.

Because this conversion introduces the measurement imprecision inherent to ordinal-
to-continuous mapping, we implement three validation strategies: First, we conduct sen-
sitivity analyses, varying the Tier 4 assignment across a wide range ($65–$120), demon-
strating that substantive conclusions are invariant to this choice. Second, we estimate
ordered logit models treating price tier as an ordinal outcome, avoiding any cardinal as-
sumption. Third, we verify that the monotonically decreasing subgroup pattern holds
across all specifications.

3.2.2. Independent Variable: Sustainability Score

We construct a sustainability measure using dictionary-based keyword analysis of
consumer review text, an approach grounded in the “text as data” paradigm, which treats
unstructured text as quantifiable empirical evidence [41,42]. Dictionary-based methods—
which count occurrences of pre-specified keyword lists—represent one of the most estab-
lished and transparent approaches in computational text analysis [44–46], with documented
applications across social science disciplines [43]. Rather than relying on self-reported prac-
tices or third-party certifications—which capture only the subset of restaurants pursuing
formal recognition—we extract sustainability signals from unstructured review text. This
approach captures the full spectrum of sustainability practices as perceived by consumers.

Three keyword categories are defined: The environmental dimension comprises nine
terms: organic, local, sustainable, farm-to-table, seasonal, eco-friendly, zero-waste, compost,
and renewable. Social sustainability is captured through six terms: fair-trade, ethical,
community, family-owned, local business, and minority-owned. A third certification
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category incorporates five terms: USDA organic, certified organic, LEED certified, B-corp,
and green certified.

Keyword matching employs a case-insensitive search with phrase-level matching
for multi-word terms (e.g., “farm-to-table” and “farm to table” are both matched; see
Appendix A for the complete pre-processing pipeline). We acknowledge that some terms
(particularly “local” and “community”) can appear in non-sustainability contexts, intro-
ducing measurement noise. We address this limitation through robustness checks using
subsets of less ambiguous keywords (environmental-only and social-only scores) and by
noting that any resulting attenuation bias would work against finding significant effects.

A consequential issue with sigmoid normalization, commonly employed in text analysis
applications, warrants attention before proceeding: the sigmoid function S(x) = 1/(1+ e−ax)

maps inputs to (0, 1). For sparse keyword data where most establishments have zero or
few mentions, this creates a floor effect, S(0) = 0.5, assigning non-trivial scores to estab-
lishments with no sustainability keywords. The resulting variance compression can inflate
regression coefficients substantially. Across scaling parameters (a = 0.1 to 2.0), sigmoid
normalization inflates the sustainability coefficient by 25–44× relative to our proposed
alternative; under the standard sigmoid (a = 1.0), the inflation factor is approximately 31×
(see Appendix B for detailed quantification).

To avoid this artifact, we employ a log-density transformation:

Score = log
(

1 +
KeywordCount
ReviewCount

× 1000
)

(1)

This assigns score = 0 to establishments with no keywords (preserving the zero base-
line), scales by review volume (controlling for exposure), and log-transforms to handle
skewness. The resulting scores range from 0 to 7.98 with standard deviation 1.70 (see
Appendix C for qualitative face validation).

We construct three component scores—environmental, social, and overall (weighted
composite: 0.4×environmental + 0.3×social + 0.3×certification)—where the weights reflect
the relative frequency distribution of keyword categories in the corpus (environmental
terms are most prevalent; see Table 2). Primary analyses use the overall score; robustness
checks examine components separately.

Table 2. Descriptive statistics (N = 38,930).

Variable Mean SD Min. Max.

Price ($, corrected) 14.74 8.24 8.00 80.00
Star Rating 3.50 0.79 1.0 5.0
Review Count 111.8 213.0 10 7568
Sustainability Score 2.80 1.70 0.00 7.98

Environmental Score 3.99 2.39 — —
Social Score 1.33 1.93 — —

Score = 0 (%) 20.5% — — —
Score > 6.0 (%) 1.1% — — —

3.2.3. Control Variables

We control for (1) star rating (1–5 scale), capturing establishment quality; (2) log of
review count, capturing visibility and popularity; (3) chain indicator (=1 if the business
name appears ≥5 times in dataset), controlling for chain vs. independent effects; (4) cuisine
type (27 categories extracted from the Yelp business categories), absorbing cuisine-specific
pricing norms; and (5) city fixed effects (131 cities with ≥50 establishments; remaining
cities grouped as “Other”), controlling for local cost-of-living and market conditions.
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3.3. Analytical Strategy

We begin with global OLS baseline hedonic pricing models:

ln(Pricei) = β0 + β1Sustainabilityi + β2Starsi + β3 ln(Reviewsi) + γ′Controlsi + εi (2)

Four specifications are estimated sequentially: (M1) bivariate, (M2) with quality
controls, (M3) with full city/cuisine fixed effects, chain indicator, and quality controls,
and (M4) omitting star rating to examine potential mediation.

To test whether premiums vary by market segment, we then stratify the sample by
star rating into three tiers—Low (<3.0 stars), Mid (3.0–4.0 stars), High (>4.0 stars)—and
re-estimate the model separately for each, both with basic controls and with full fixed
effects. Ordered logit models are estimated in parallel, treating price tier as an ordinal
outcome and thereby avoiding the cardinal assumptions of OLS.

A continuous interaction specification then tests whether quality moderates the sus-
tainability effect across the full rating range:

ln(Pricei) = β0 + β1Sustainabilityi + β2Starsi + β3(Sustainabilityi × Starsi) + Controls + εi (3)

A negative β3 would indicate diminishing premiums as quality increases. Marginal
effects are computed at key star values to characterize the economic profile. Finally,
robustness analyses examine sensitivity to alternative Tier 4 price codings ($65–$120),
alternative sustainability measures (environmental-only, social-only, binary), alternative
minimum review thresholds (20, 50 reviews), and city-clustered standard errors. All OLS
specifications employ heteroskedasticity-robust (HC1) standard errors.

4. Results
4.1. Descriptive Statistics

Table 2 summarizes the sample’s characteristics. The average restaurant has a star
rating of 3.50, charges approximately $14.74 per meal, and has 112 reviews. Sustainability
scores exhibit substantial variation (SD = 1.70), with 20.5% of restaurants scoring zero
(no sustainability keyword mentions) and 1.1% scoring above 6.0 (high sustainability
emphasis). Environmental keywords are more prevalent (mean = 3.99) than social keywords
(mean = 1.33).

4.2. Global Results: The Misleading Average

Table 3 presents pooled OLS results. Model 1 (bivariate) yields a sustainability co-
efficient of +0.0455 (p < 0.001), which is substantially attenuated to +0.0040 (p = 0.012)
upon adding quality controls in Model 2. A one-unit increase in the sustainability score
(SD = 1.70) is associated with a +0.40% change in price (Model 2 with basic controls). For a
one-standard-deviation increase (1.70 units), the implied association is +0.68%.

Model 3 adds city fixed effects (131 cities), cuisine fixed effects (27 categories), and a
chain indicator. Notably, the sustainability coefficient reverses sign to −0.0049 (p < 0.001),
suggesting that the positive global association in Model 2 partly reflects omitted variable
bias: sustainable restaurants tend to cluster in more expensive cities and cuisine categories.
The R-squared increases substantially (from 0.115 to 0.291), confirming the importance of
these controls.

Model 4 omits star rating to examine whether stars mediate the sustainability–price
relationship. The sustainability coefficient increases to +0.0110 (p < 0.001), consistent with
partial mediation: sustainability practices may influence star ratings, which, in turn, affect
pricing. However, this interpretation requires caution given the cross-sectional design.
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The sign instability across specifications underscores that the global average effect is
fragile and should not be the focus of interpretation. As the subgroup analysis reveals, this
instability masks systematic heterogeneity across market segments.

Table 3. Global hedonic pricing models.

Model 1 Model 2 Model 3 Model 4
(Bivariate) (Controls) (Full FE) (No Stars)

Sustainability Score +0.0455 *** +0.0040 * −0.0049 *** +0.0110 ***
(0.0013) (0.0016) (0.0015) (0.0015)

Star Rating — +0.0410 *** −0.0237 *** —
ln (Review Count) — +0.1266 *** — —
Chain Indicator — — −0.1876 *** —
City Fixed Effects No No Yes (131) No
Cuisine Fixed Effects No No Yes (27) No

R-Squared 0.028 0.115 0.291 0.111
N 38,930 38,930 38,930 38,930

Heteroskedasticity-robust standard errors in parentheses. *** p < 0.001, * p < 0.05. Model 4 omits star rating to
examine potential mediation.

Figure 1 presents the methodological comparison illustrating the sigmoid normal-
ization artifact. Panel A shows the bivariate estimate without controls (+4.66%). Panel B
shows the corrected estimates with controls (+0.40% OLS, −0.49% with fixed effects). Panel
C displays the variance compression under sigmoid normalization, demonstrating a 31×
coefficient inflation under the standard sigmoid function.
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Figure 1. Methodological comparison. (A) Bivariate OLS without controls yields a +4.66% sus-
tainability effect driven by confounding. (B) Corrected estimates with controls (+0.40%) and with
city/cuisine fixed effects (−0.49%). (C) Sigmoid normalization compresses variance (SD: 1.70 vs.
0.19), inflating coefficients by approximately 31× under the standard sigmoid.

4.3. Subgroup Analysis: Quality-Dependent Premiums

Table 4 presents our central finding: sustainability price associations vary monotoni-
cally across market segments.

Among lower-rated establishments (<3.0 stars, N = 12,574), the sustainability coeffi-
cient of +0.0257 (p < 0.001) documents a +2.60% price premium. The association persists
with full city/cuisine fixed effects (coefficient = +0.0068, p = 0.004, +0.68%), and the
ordered logit confirms a positive and significant result (β = +0.135, p < 0.001). This
pattern is consistent with sustainability functioning as a quality signal in a segment where
information asymmetry is high.

The mid-quality segment (3.0–4.0 stars, N = 20,111) tells a markedly different story.
The coefficient reverses sign to −0.0062 (p = 0.006), indicating a small negative association
of −0.61%. Under full fixed effects, this strengthens to −0.0101 (p < 0.001, −1.01%).
The ordered logit corroborates the reversal (β = −0.027, p = 0.008). Sustainability no
longer confers a pricing advantage in this competitive segment.
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The pattern continues in the same direction among higher-rated establishments
(>4.0 stars, N = 6245). The coefficient of −0.0208 (p < 0.001) represents a −2.06% price
discount. With fixed effects, the estimate is −0.0145 (p < 0.001, −1.44%), confirmed by the
ordered logit (β = −0.078, p < 0.001). In upscale dining, sustainability appears to function
as a baseline expectation rather than a differentiating attribute.

The monotonically decreasing pattern (+2.60% → −0.61% → −2.06%) is robust to
the inclusion of city and cuisine fixed effects (+0.68% → −1.01% → −1.44%), confirmed
by ordered logit models, robust to city-clustered standard errors (all subgroup effects
remain significant), and stable when restricting to restaurants with ≥20 reviews (+2.17% →
−1.04% → −3.01%, all p < 0.001).

Table 4. Sustainability premium by market segment.

Low Stars Mid Stars High Stars
(<3.0) (3.0–4.0) (>4.0)

Panel A: OLS with Basic Controls
Sustainability Score +0.0257 *** −0.0062 ** −0.0208 ***

(0.0026) (0.0023) (0.0040)
Price Effect +2.60% −0.61% −2.06%
R-Squared 0.166 0.094 0.086

Panel B: OLS with City/Cuisine Fixed Effects
Sustainability Score +0.0068 ** −0.0101 *** −0.0145 ***

(0.0024) (0.0021) (0.0039)
Price Effect +0.68% −1.01% −1.44%
R-Squared 0.366 0.260 0.249

Panel C: Ordered Logit
Sustainability Score +0.1348 *** −0.0271 ** −0.0784 ***

(0.0128) (0.0102) (0.0174)

N 12,574 20,111 6245
Avg Price $13.17 $15.68 $14.92

Robust standard errors in parentheses. *** p < 0.001, ** p < 0.01.

Figure 2 visualizes the monotonically decreasing sustainability premium across market
segments, showing consistency between basic controls (Figure 2A) and full fixed effects
(Figure 2B).
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Figure 2. Quality-dependent sustainability premium. Sustainability price associations across three mar-
ket segments showing a monotonically decreasing pattern. (A) OLS with basic controls (Low: +2.60%,
Mid: −0.61%, High: −2.06%). (B) OLS with city/cuisine fixed effects (Low: +0.68%, Mid: −1.01%,
High: −1.44%). The dashed line indicates the global average, which masks segment-specific heterogene-
ity.
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4.4. Interaction Effects

Table 5 examines the sustainability–quality interaction using a continuous specifica-
tion. The interaction term (β = −0.0418, p < 0.001) confirms that sustainability’s pricing
association diminishes monotonically with restaurant quality. The main effect of sustain-
ability is positive and large (+0.1489, p < 0.001) at the intercept (i.e., at zero stars), but this
is offset by the strongly negative interaction as star rating increases.

Table 5. Interaction model: sustainability × star rating.

OLS (Sust × Stars)

Sustainability Score +0.1489 ***
(0.0054)

Star Rating +0.1343 ***
Sust × Stars −0.0418 ***

(0.0015)
ln (Review Count) included

R-Squared 0.130
N 38,930

Marginal effect of sustainability at
2.5 stars +4.54%
3.0 stars +2.38%
3.5 stars +0.26%
4.0 stars −1.81%
4.5 stars −3.84%

HC1 robust standard errors in parentheses. *** p < 0.001. Marginal effect = (exp(βsust + βint × stars)− 1)× 100.

Computing marginal effects at specific star values reveals the economic pattern: at
2.5 stars, a one-unit increase in sustainability is associated with a +4.54% price premium; at
3.0 stars, the association is +2.38%; at 3.5 stars, the association is essentially zero (+0.26%);
at 4.0 stars, it becomes negative (−1.81%); and at 4.5 stars, it is −3.84%. The cross-over
from positive to negative occurs at approximately 3.6 stars, which falls within the mid-
tier segment.

Figure 3 displays the marginal effect of sustainability across the continuous quality
spectrum, derived from the interaction model. The positive-to-negative cross-over occurs
at approximately 3.6 stars.
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(From Interaction Model: Sustainability × Stars)

Figure 3. Marginal effect of sustainability across the quality spectrum, derived from the interaction
model (sustainability × stars) and showing the estimated price effect of a one-unit increase in
sustainability score at each star rating level. The cross-over from positive to negative occurs at
approximately 3.6 stars. Red markers indicate effects at tier boundaries (3.0 and 4.0 stars).
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4.5. Robustness and Sensitivity

Table 6 summarizes several robustness analyses. Regarding price coding, the Tier 4 ($$$$)
midpoint assignment is inherently uncertain given the open-ended upper range: varying
this value from $65 to $120 yields global sustainability coefficients ranging from +0.0042
to +0.0036 (all p < 0.05), demonstrating that substantive conclusions are invariant to this
choice. Turning to alternative sustainability measures, environmental keywords alone yield a
positive and significant association (+1.18%, p < 0.001), while social keywords alone show
a negative association (−2.24%, p < 0.001). The binary (above-median) indicator is not
significant (p = 0.55), consistent with continuous variation being more informative than a
dichotomous threshold.

With respect to sample composition, restricting to restaurants with ≥20 reviews yields
a non-significant global effect, yet the subgroup pattern is fully preserved (Low, +2.17%;
Mid, −1.04%; High, −3.01%; all, p < 0.001): with ≥50 reviews, the global coefficient
becomes significantly negative (−2.35%, p < 0.001). City-clustered standard errors approx-
imately double relative to HC1 robust standard errors (0.0031 vs. 0.0016), rendering the
global effect non-significant (p = 0.20) and further pointing to the importance of segment-
level analysis. All subgroup effects, however, remain significant under clustering (Low:
p < 0.001; Mid: p = 0.009; High: p < 0.001).

To directly address the relevance of our findings to tourism contexts, we classify cities
by tourism intensity based on established visitor volume statistics. Cities in states with
major tourism sectors (Florida, Louisiana, Tennessee, Nevada, and Arizona)—encompassing
prominent destinations including New Orleans, Nashville, Tampa, Tucson, and Reno—are
classified as high-tourism, yielding 21,567 restaurants (55.4%) in high-tourism cities and 17,363
(44.6%) in non-tourism baseline cities. The monotonically decreasing sustainability–price
pattern is fully reproduced within tourism-intensive cities: Low-star +1.95% (p < 0.001), Mid-
star −0.71% (p = 0.020), High-star −2.41% (p < 0.001). A Chow test confirms statistically
significant structural differences between tourism and non-tourism restaurant markets (F =

56.11, p < 0.001), and a triple interaction model (sustainability × stars × tourism) yields
a significant three-way interaction (β = 0.009, p = 0.003), indicating that tourism context
meaningfully moderates the quality-dependent premium pattern.

Table 6. Robustness and sensitivity analyses.

Specification βsust Effect (%) N

Panel A: Tier 4 Price Sensitivity
Tier 4 = $65 +0.0042 +0.42% 38,930
Tier 4 = $80 (baseline) +0.0040 +0.40% 38,930
Tier 4 = $100 +0.0038 +0.38% 38,930
Tier 4 = $120 +0.0036 +0.36% 38,930

Panel B: Alternative Sustainability Measures
Environmental keywords only +0.0117 +1.18% *** 38,930
Social keywords only −0.0226 −2.24% *** 38,930
Binary (above median) −0.0029 −0.29% 38,930

Panel C: Alternative Minimum Reviews
Min. 20 reviews −0.0006 −0.06% 31,257
Min. 50 reviews −0.0235 −2.35% *** 19,830

Panel D: Standard Error Comparison (Global Model)
HC1 robust SE SE = 0.0016, p = 0.012
City-clustered SE SE = 0.0031, p = 0.201
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Table 6. Cont.

Specification βsust Effect (%) N

Panel E: Tourism Intensity Stratification
Tourism cities (global) −0.0003 −0.03% 21,567

Low stars +0.0193 +1.95% *** 6620
Mid stars −0.0071 −0.71% * 11,212
High stars −0.0244 −2.41% *** 3735

Non-tourism cities (global) +0.0063 +0.64% ** 17,363
Chow test (F-stat) F = 56.11, p < 0.001

*** p < 0.001, ** p < 0.01, * p < 0.05. All models include stars and ln(reviews) as controls.

5. Discussion
The following practical and policy implications are informed by the associational

patterns documented in our corrected empirical analyses. Given the cross-sectional, ob-
servational nature of our research design, these recommendations should be interpreted
as evidence-informed hypotheses warranting validation through experimental or quasi-
experimental investigation rather than as established causal prescriptions.

5.1. Practical Implications for Restaurant Operators

Our findings provide a framework for sustainability investment decisions that varies
by market positioning (Table 7).

Table 7. Decision framework for restaurant operators.

Market Position Association Mechanism Suggested Strategy

Budget
(<$15/meal,
<3 stars)

+2.60%
(positive)

Quality
signal

Selective adoption of visible practices:
organic options, local sourcing.
Communicate as quality improvement.

Mid-Market
($15–25/meal,
3–4 stars)

−0.61%
(small
negative)

Neutral/
consumer
expectation

Adopt for operational cost savings and
brand alignment rather than pricing
power. Benefits may be non-price.

High-End
(>$25/meal,
>4 stars)

−2.06%
(negative)

Baseline
expectation

Implement as baseline practice without
prominent marketing. Emphasize chef
artistry, service, ambiance.

For budget restaurants, sustainability offers modest positive pricing associations
(+2.60%). To illustrate the potential economic magnitude, consider a hypothetical low-
star restaurant serving 200 customers daily at a $13.17 average check (the mean for our
low-star segment). Under the estimated association of +2.60% for this segment, this would
correspond to approximately $25,000 in annual incremental revenue—an illustrative sce-
nario conditional on the assumptions of constant customer volume, full pass-through of
sustainability associations to pricing, and applicability of average effects to individual es-
tablishments. We note that this association is substantially smaller in the pooled sample
(+0.40%) and reverses in higher-star segments. Selective, visible adoption—such as organic
options, local sourcing, and compostable packaging—may function as quality signals in a
segment where information asymmetry is high. Cost-effective practices that simultaneously
reduce operating expenses (e.g., waste reduction, energy efficiency) may offer the best return.

For mid-market establishments, our results suggest sustainability does not command
positive price premiums in this segment. However, sustainability adoption may yield
non-price benefits including operational cost savings, brand differentiation, customer
loyalty, and alignment with consumer values. Restaurants in this segment should evaluate
sustainability investments based on total business value rather than pricing power alone.
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For high-end restaurants, sustainability appears to function as a baseline expec-
tation rather than a differentiating attribute. Prominent marketing of environmen-
tal credentials may detract from other value dimensions central to luxury positioning.
Sustainability should be integrated as standard practice rather than highlighted as a
competitive advantage.

We note that the following strategic implications derive from observed associations
in cross-sectional data rather than experimentally validated causal effects. While the
patterns are robust across multiple specifications and consistent with theoretical predictions,
practitioners should interpret these recommendations as evidence-informed guidance
warranting validation through pilot implementation and longitudinal monitoring rather
than as deterministic causal prescriptions.

5.2. Implications for Hospitality Policy

Our findings suggest that uniform “one-size-fits-all” sustainability incentive programs
may not optimally serve all market segments. Lower-tier restaurants, where sustainability
generates positive pricing associations, may benefit most from technical assistance connect-
ing them to local suppliers and low-cost operational improvements. Certification bodies
might differentiate outreach strategies by market segment, recognizing that the economic
case for certification varies across quality tiers.

However, we note important caveats. First, our analysis examines Yelp-listed U.S.
restaurants, which may not represent the full restaurant population. Second, while Yelp
reviews are generated by the general dining public (including both tourists and residents),
our tourism intensity stratification (Table 6, Panel E) confirms that the quality-dependent
pattern is fully reproduced in tourism-intensive cities, supporting the direct applicability
of these implications to tourism destination management. Third, policy recommendations
based on cross-sectional associations should be treated as preliminary until validated by
causal research designs.

5.3. Theoretical Contributions

Our results contribute to the sustainability economics and consumer behavior litera-
ture in three ways:

First, we demonstrate that green premiums are not a universal phenomenon but
rather a market segment-contingent outcome. The monotonically decreasing pattern
we document—positive premiums in lower-quality segments transitioning to negative
associations in higher-quality segments—may help reconcile apparently contradictory
findings in the prior literature. Studies reporting positive premiums [14,16,36] and those
finding mixed or negative effects [18,19] may both be accurate within their respective
market segments.

Second, we provide quantitative evidence consistent with multiple theoretical mecha-
nisms operating simultaneously. In low-quality segments, positive premiums align with
signaling theory [32]: sustainability may serve as a costly signal of otherwise unobserv-
able quality. In higher-quality segments, the null or negative association is consistent
with sustainability transitioning to a baseline expectation—a hygiene factor rather than
a differentiator.

Third, the variance compression mechanism we identify constitutes a cautionary case
for computational social science applications employing sigmoid or hyperbolic tangent nor-
malization on sparse count data, contributing to the broader methodological discourse on
rigor in text-as-data applications [41,45]. While we cannot estimate the precise prevalence of
this specific pipeline configuration across the broader literature without systematic review,
the underlying mathematical mechanism—mapping zeros to 0.5 rather than 0.0—affects any
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application where normalization functions with non-zero intercepts are applied to count
variables exhibiting substantial zero inflation, a common data structure in keyword-based
text analysis. Our log-density transformation provides one alternative, though we note that
other approaches (e.g., TF-IDF weighting, Bayesian shrinkage) may also be appropriate
depending on the research context.

5.4. Limitations and Future Research

Several limitations warrant acknowledgment: Our cross-sectional design establishes
associations between sustainability practices and pricing outcomes but cannot definitively
establish causal directionality. Several plausible confounding pathways warrant explicit
acknowledgment: First, reverse causality: higher-priced restaurants may possess greater
resources and marketing sophistication to communicate environmental practices in ways
that generate sustainability-related review content, without those practices necessarily
driving pricing power. Second, neighborhood-level confounding: restaurants situated in
wealthier, more educated neighborhoods may simultaneously command higher prices and
attract environmentally conscious patrons who generate more sustainability-related review
language, producing a spurious association driven by geographic sorting rather than sus-
tainability’s direct pricing effects. Third, construct conflation: our text-based sustainability
score may partially capture broader quality dimensions—operational care, ingredient fresh-
ness, management professionalism—that correlate with both sustainability communication
and pricing rather than isolating the independent contribution of environmental practices
per se. The sign reversal between Model 2 and Model 3 (Table 3) illustrates the sensitivity
of estimates to control variable specification. Future research using natural experiments—
certification program rollouts or sustainability mandate implementations—could provide
causal identification.

A second set of concerns relates to measurement. The dictionary-based keyword
approach captures consumer perceptions of sustainability rather than verified practices—
a common limitation of text-as-data methods in social science [43,44]. Terms such as
“local” and “community” can appear in non-sustainability contexts (keyword ambiguity),
restaurants with genuine sustainability commitments may receive no keyword mentions
(false negatives), and the composite weighting scheme (0.4/0.3/0.3) is asserted rather than
empirically validated. Validating scores against external certification data or manual coding
would strengthen future applications. The dependent variable warrants a similar caution:
despite our sensitivity analyses, converting four ordinal price tiers to continuous values
introduces measurement imprecision. Ordered logit results confirm the directional patterns,
but continuous dollar magnitudes should be interpreted accordingly.

Third, generalizability is constrained by the U.S. sample, which may not transfer to
contexts with different regulatory environments, cultural norms, or consumer expectations.
Evidence from diverse markets [33,36] documents varying sustainability premium patterns,
suggesting meaningful cultural and institutional moderation. International comparative
analysis would help clarify these boundary conditions.

Tourism-specific interpretation merits separate consideration. The tourism intensity
stratification in Table 6 (Panel E) demonstrates that the quality-dependent pattern is fully
reproduced in tourism-intensive cities, with effect magnitudes comparable to or larger than
the full-sample estimates (Low: +1.95%, Mid: −0.71%, High: −2.41%). The significant
Chow test (F = 56.11, p < 0.001) and triple interaction (p = 0.003) confirm that tourism
context meaningfully moderates these relationships. However, we cannot distinguish
individual tourist reviews from resident reviews within our data. Future work employing
tourism-specific platforms (e.g., TripAdvisor) or reviewer origin data could further refine
tourism-specific implications.
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Finally, the cross-section spans 2018–2023, and, as sustainability transitions from
niche to mainstream, the quality-dependent pattern documented here may itself evolve.
Longitudinal analysis would illuminate whether these segment-specific dynamics persist,
intensify, or collapse over time. Together, these limitations point toward a research agenda
encompassing causal identification through quasi-experiments, measurement validation
against external sustainability indicators, international replication, and tourism-specific
analyses incorporating destination intensity data.

6. Conclusions
This study examines the relationship between sustainability practices and restaurant

pricing across market segments, analyzing 38,930 U.S. restaurants and approximately
4.4 million consumer reviews. Two principal contributions emerge. Methodologically,
we identify a measurement artifact in text-mining applications: sigmoid normalization
applied to sparse keyword counts creates variance compression that can inflate regression
coefficients by 25–44× depending on scaling parameters. A log-density transformation
is proposed as an alternative that preserves measurement validity, and its properties are
demonstrated quantitatively.

Empirically, the association between sustainability and pricing varies monotonically
with restaurant quality: lower-rated restaurants (<3.0 stars) exhibit positive price premiums
(+2.60%), while mid-rated (3.0–4.0 stars, −0.61%) and higher-rated (>4.0 stars, −2.06%)
establishments show negative associations. A strongly negative sustainability × stars
interaction (β = −0.042, p < 0.001) confirms this gradient, which is robust to ordered logit
specifications, city/cuisine fixed effects, and clustered standard errors; the cross-over from
a positive to a negative premium occurs at approximately 3.6 stars. Taken together, these
results suggest that sustainability transitions from a competitive differentiator in lower-
quality segments—where it may function as a quality signal—to a baseline expectation in
higher-quality establishments, a pattern that may help reconcile apparently contradictory
prior findings in the green premium literature.

We acknowledge important limitations: the cross-sectional design precludes causal
inference, the dictionary-based sustainability measure captures consumer perceptions
rather than verified practices, and the ordinal price variable introduces measurement
imprecision. The practical implications discussed—differentiated sustainability strategies
by market segment—should be treated as hypotheses for further investigation rather than
established prescriptions.

As sustainability practices continue their transition from niche to mainstream across
the hospitality industry, understanding the market segment-specific dynamics documented
here may help inform both business strategy and policy design. However, causal valida-
tion through experimental or quasi-experimental research remains essential before these
associations can confidently guide resource allocation decisions.
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Appendix A. Text Analysis Pre-Processing Documentation
This appendix documents the text pre-processing pipeline for the dictionary-based

sustainability measure described in Section 3.2.2. All review text undergoes the following
pre-processing pipeline prior to keyword matching:

1. Case folding: All text is lowercased before matching.
2. Phrase matching: Hyphenated variants are handled via pattern matching (e.g., “farm-

to-table” also matches “farm to table”); multi-word terms are matched as n-grams (up
to trigrams).

3. Disambiguation protocol: To reduce false positives from ambiguous terms, “local” is
matched only when appearing within a three-word window of food-related terms (e.g.,
“local produce,” “local farm,” “locally sourced”), excluding geographic references (e.g.,
“local bar,” “local hangout”). Similarly, “community” is matched only near terms such
as “supported,” “owned,” or “engagement.”

4. Tokenization: Whitespace- and punctuation-based segmentation, with n-gram match-
ing for multi-word terms.

Appendix B. Sigmoid Normalization Artifact Demonstration
This appendix provides quantitative evidence for the sigmoid normalization artifact

discussed in Section 3.2.2.
Distribution comparison. In our sample, 20.5% of restaurants have zero sustainability

keyword mentions, and the distribution of raw keyword counts is strongly right-skewed.
Under sigmoid normalization (S(x) = 1/(1 + e−ax)), zeros are mapped to 0.5 rather
than 0.0, compressing the effective score range to [0.50, 1.00]. Under our log-density
transformation, zeros map to 0.0, preserving the full [0.00, 7.98] range.

Variance quantification. The standard deviation under log-density transformation is 1.70,
compared to 0.19 under the standard sigmoid (a = 1.0)—a variance ratio of approximately 9:1.

Multi-scale coefficient comparison. We apply sigmoid normalization with five scaling
parameters (a = 0.1, 0.3, 0.5, 1.0, 2.0) to the sustainability keyword counts and re-estimate
the baseline hedonic pricing model. The sustainability coefficient under sigmoid normal-
ization ranges from 25× to 44× the log-density coefficient across all parameterizations
(31× under the standard sigmoid, a = 1.0). This inflation is structurally inherent to sigmoid
normalization of sparse count data, not an artifact of a specific parameter choice.

Appendix C. Qualitative Face Validation
This appendix provides qualitative face validation for the dictionary-based sustain-

ability measure constructed in Section 3.2.2, presenting representative examples from the
extremes of the score distribution.

High-scoring restaurants (sustainability score ≥ 90th percentile):

• Community Cafe (St. Petersburg, FL; 4.5⋆, $, score = 7.41): “Sustainable food and
business practices, supporting local businesses, and supporting the LGBTQ+ commu-
nity.”
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• Joe Coffee Bar (Philadelphia, PA; 4.0⋆, $, score = 7.33): “Joe Coffee Bar was one of the
first, about ten years ago, to feature fair-trade coffee.”

• Food For Ascension Cafe (Tucson, AZ; 4.5⋆, $$, score = 7.26): “The restaurant claims
that their food is locally grown and it sure tastes like it.”

Zero-scoring restaurants (sustainability score = 0):

• iSushi (Carmel, IN; 3.5⋆, $$): Typical reviews discuss sushi quality and atmosphere;
zero sustainability keyword matches.

• Blackjack Pizza & Salads (Tucson, AZ; 2.0⋆, $$): Reviews discuss pizza quality and
delivery speed; zero sustainability keyword matches.

• McDonald’s (Eagle, ID; 2.0⋆, $): Reviews discuss convenience and service speed; zero
sustainability keyword matches.

High scores correspond to restaurants whose reviewers explicitly discuss sustain-
ability practices (organic sourcing, fair trade, local ingredients), while zero scores corre-
spond to establishments with no sustainability-relevant content, confirming the measure’s
face validity.
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