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Abstract
We present DRIFT (Debates on Reddit involving Food Transition), a new large-scale corpus and set of computational
methods for using language as an early indicator of social change in the protein transition, i.e., the shift from a
diet predominantly based on animal proteins to one based mainly on plant sources. DRIFT comprises 17.5M
Reddit comments (2010-2022) from 29 subreddits grouped into two speaker communities: SUSTAINABLE (early
adopters/innovators) and GENERIC (general public). Building on neologism analysis, lexical semantic change
detection, and connotative profiling, we introduce three linguistic measures of innovation awareness, meaning shift,
and attitudinal valence. We extract neonyms and retronyms to quantify awareness; apply static and contextual
embedding-based Lexical Semantic Change methods (PPMI, SGNS, BERT substitutions) to probe semantic
reconceptualization; and adapt an embedding-based connotation hyperplane to measure polarity changes for targeted
terms. Results show marked diastratic differences, with SUSTAINABLE users both using innovation-specific lexicon
more frequently and having reconceptualized core food terms in ethical/environmental frames, while the GENERIC
community exhibits rapid proportional growth in neologism use and emerging positive connotations for some
plant-based products. Diachronic denotational shifts over the 12-year window are weak, suggesting shortcoming of
embedding-based methods to capture subtle meaning changes. DRIFT and our analyses demonstrate that language
can function as a sensitive “thermometer” of subtle social change, revealing attitudinal dynamics before observable

behavioral shifts.

Keywords: Computational Social Sciences, Lexical Semantic Change, Connotation Shifts

1. Introduction

The process of social change that characterizes
the diffusion of innovation is uncertain, difficult to
predict, and normally observable in behavior only
after completion (Judge et al., 2024). Over the
past decade, public awareness of the environmen-
tal and ethical impacts of animal-based food pro-
duction and consumption has grown substantially.
Concerns about greenhouse gas emissions from
livestock, animal welfare, and public health have
increasingly entered mainstream discourse. This
heightened awareness has prompted interest in di-
etary alternatives, particularly plant-based proteins,
though actual behavioral change in consumption
patterns remains limited and gradual. While sales
of plant-based alternatives have increased in some
markets, overall animal protein consumption in the
Global North has declined only marginally, suggest-
ing a gap between awareness and action. This gap
between attitudes and actions suggests that tradi-
tional behavioral metrics such as sales figures and
consumption surveys may fail to capture the full ex-
tent of social change in progress. Awareness and
shifting perceptions represent crucial early stages
in the adoption of innovations, yet they often remain
invisible to conventional measurement approaches

focused solely on revealed behavior. Understand-
ing these “beneath the surface” changes requires
methods capable of detecting attitudinal shifts be-
fore they crystallize into observable actions.

In this contribution, we introduce DRIFT (De-
bates on Reddit involving Food Transition) ', a Red-
dit corpus on protein transition, to investigate atti-
tudes and ongoing changes in society on this topic.
Beyond being a tool to shape and accelerate social
change (Zella et al., 2025), language is also a ther-
mometer that reflects the degree of social change
unfolding "beneath the surface". In particular, we
investigate linguistic proxies of social change by
analyzing: a.) the frequency and distribution of
neologisms related to food and protein consump-
tion; b.) whether food-related lexical items have
undergone semantic change; and c.) differences in
semantic contexts across communities of speakers.
Our contributions can be summarized as follows:

» We create and release DRIFT, the first large-
scale corpus specifically designed for studying
language as a proxy for social change in the
context of dietary innovation, containing over

'Code is publicly available; data are subject to
a Data Sharing Agreement https://github.com/
gretazella/DRiFT/tree/main.
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17 million comments from 12 years of Reddit
discussions.

+ We establish frequency analysis of neolo-
gisms, i.e., neonyms and retronyms as a valid
measure of innovation awareness, demonstrat-
ing relevant diachronic and diastratic patterns
in their usage.

* We apply lexical semantic change detection
methods to identify perception shifts, reveal-
ing measurable semantic differences between
innovator and general populations that align
with different stages of innovation adoption.

+ We introduce connotation analysis as a
method for detecting attitudinal valence shifts,
showing increasingly positive associations
with plant-based alternatives over time and
across communities.

The remainder of this paper is structured as fol-
lows: Section 2 reviews related work and theoret-
ical background; Section 3 describes the DRIFT
corpus and its creation; Section 4 presents our
analysis of neonyms and retronyms; Section 5 de-
tails our experiments to measure lexical semantic
change and connotations shifts; lastly, Section 6
discusses the results and their implications, while
conclusions and future work are presented in Sec-
tion 7.

2. Theoretical Background and
Related Work

Language is a dynamic system that evolves in re-
sponse to social and technological change. As
societies innovate, speakers adapt existing linguis-
tic resources to describe new concepts, leading to
the expansion of word meanings and the creation
of neologisms. Such developments often serve to
differentiate innovation from tradition. For instance,
with the invention of electronic books, one of the
constitutive qualities of books, i.e. they are made of
paper, has become optional. This had caused the
meaning of the term “book” to expand with the sub-
sequent formation of neologisms that refer to the
innovation (neonyms) such as “e-book” and those
denoting the tradition (retronyms) like “paper book”
(Makela, 2022). These linguistic shifts do not occur
in isolation: subtle variations in word meaning and
usage can mirror changing social attitudes, making
language a sensitive indicator of ongoing social
transformation (Judge et al., 2024).

Previous work on the automatic detection of Lex-
ical Semantic Change (LSC) builds on the dis-
tributional hypothesis (Firth, 1957; Harris, 1954),
which posits that words appearing in similar con-
texts tend to have similar meanings. LSC is thus

measured as a variation in the similarity of the same
target word across embedding representations ob-
tained from corpora covering different time peri-
ods. Although contextualized embeddings capture
richer contextual nuances, static embeddings have
proven more effective for detecting gradual, subtle
meaning changes (Tahmasebi et al., 2021; Periti
and Montanelli, 2024). These fine-grained changes
are especially informative for tracing emergent so-
cial dynamics and evolving attitudes. The work
by Del Tredici et al. (2019) pioneered the use of
embeddings to detect subtle LSC over short peri-
ods of time, later extended to social media data
by Martinc et al. (2020). More recently, Hoeken
et al. (2023) conducted a systematic evaluation of
models for subtle semantic variation and shown the
potential of contextualized embeddings for captur-
ing short-term meaning shifts.

Beyond denotational meaning, words also con-
vey connotative or affective dimensions. Word
embeddings have been successfully employed to
model connotative meaning and sentiment (All-
away and McKeown, 2021; Feng et al., 2011; Kang
et al., 2014), with sentiment scores often serving
as proxies for collective attitudes and evaluative
trends (Baccianella et al., 2010; Esuli and Sebas-
tiani, 2006; Hamilton et al., 2016a). While most
studies examine sentiment synchronically, only a
few have addressed diachronic connotative change.
In particular, Basile et al. (2022) proposed a trans-
parent method to detect polarity shifts over time,
which we extend in our work.

In the food domain, text mining techniques have
been mainly applied to consumer reviews, address-
ing topics such as food waste reduction, safety,
and regional consumption patterns (Islam and Ma-
sudul Alam, 2023; Xiong et al., 2024; Siddique et al.,
2025; Rong et al., 2019). Additional linguistic re-
sources have been developed from social media
data to support text mining and sentiment analy-
sis related to food and sustainability (Brzustewicz
and Singh, 2021; Singh and Gliriska-Newes, 2022;
Molenaar et al., 2024). Building on this foundation,
our study is the first to construct and release a cor-
pus centered on the protein transition. We apply
lexical and connotative change detection methods
to track how the discourse surrounding food tran-
sition evolves over time, using linguistic indicators
as proxies for social and attitudinal change.

3. The DRIFT Corpus

In this section we introduce the DRIFT corpus (De-
bates on Reddit involving Food Transition), describ-
ing its construction, composition, and quality assur-
ance procedures.
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3.1.

We selected a 12-year period from January 1, 2010
to December 31, 2022, based on two factors: the
growing societal interest in sustainable food alter-
natives during this period, and the increasing avail-
ability of relevant language data on social media
platforms (McCarthy et al., 2017).

To identify relevant discussions, we compiled a
list of 21 keywords from the semantic field of pro-
tein transition: beef, burger, cheese, chicken, dairy,
eggs, fish, lamb, meat, milk, mutton, pork, poultry,
sausage, soy, steak, tofu, turkey, veal, yogurt, and
yoghurt. These keywords were manually selected
based on their prominence in recent EU and US
policy documents concerning food sustainability
and protein transition.

We conducted a keyword search on reddit.com,
querying for subreddits containing one or more key-
words (both singular and plural forms) and having
a minimum of 10,000 members. This automated
process yielded an initial list of 662 subreddits. To
ensure relevance, one of the authors independently
reviewed subreddit descriptions and manually fil-
tered the list. Subreddits were included if their dis-
cussions regularly addressed topics related to food
consumption, sustainability, diet choices, or ani-
mal agriculture. Subreddits focused exclusively on
recipes, restaurant recommendations, or unrelated
topics (despite containing keywords) were excluded.
The filtering process resulted in 29 subreddits. The
29 selected subreddits vary in their keyword cover-
age, with an average of 7 keywords per subreddit,
a maximum of 27 for r/vegan, and a minimum of 1
for six subreddits (r/politics, r/science, r/worldnews,
r/news, r/technology, r/askreddit).

We aggregated the 29 subreddits into two macro-
categories representing distinct communities of
speakers, henceforth referred to as GENERIC and
SUSTAINABLE (capitalized to distinguish them
from general usage):

Data Collection and Corpus Curation

» GENERIC (16 subreddits): Subreddits whose
primary topics are not directly related to sus-
tainability or dietary choices (e.g., r/politics,
r/science, r/todayilearned). This community
serves as a proxy for the general population.

+ SUSTAINABLE (13 subreddits): Subreddits
primarily focused on environmental issues, ve-
ganism, and sustainable living (e.g., r/'vegan,
r/fenvironment, r/'vegetarian). This community
represents early adopters and innovators in
dietary transition.

This categorization allows us to examine whether
linguistic signs of social change emerge first among
innovators and subsequently diffuse to the general
population, consistent with innovation diffusion the-
ory (see Section 2).

Using Reddit data, we cannot control for users’
private information such as gender or age, thus we
cannot guarantee that our data is representative
of the whole population or that there is no over-
lap between SUSTAINABLE and GENERIC users.
However, our main goal is to present a resource of
natural language on the topic of protein transition
and show that language can detect subtle signs
of social change that methods based on behav-
ioral observation (e.g., market research) cannot
fully grasp. External measures of validation, such
as surveys and questionnaires will be needed to
further generalize and support our results.

Data Collection and Preprocessing We used
the Pushshift API to collect all comments from the
29 subreddits that replied to posts containing at
least one of our keywords. The initial collection
yielded 18,266,145 comments.

We applied the following preprocessing steps:

1. Converted emojis to text descriptions

2. Replaced email addresses, usernames, and
URLs with standardized placeholders

3. Removed HTML markup and numeric charac-
ters

4. Excluded comments with three or fewer words

To identify and remove irrelevant content, two
annotators independently reviewed a stratified ran-
dom sample of 500 comments. They identified
unwanted instances of keywords, including sexu-
ally explicit references, figurative language unre-
lated to food (e.g., “that’s the beef between them”),
and spam. All messages containing such instances
were removed (full list of noisy keywords reported in
the Appendix A). A subsequent manual inspection
of randomly selected comments confirmed satis-
factory quality.

Following Del Tredici et al. (2019), we divided
the corpus into two non-consecutive time periods,
to and ¢1, to maximize the likelihood of detecting di-
achronic changes while maintaining sufficient data
in each period. The time periods were determined
based on three criteria:

1. Maximum temporal overlap in data availability
across SUSTAINABLE and GENERIC commu-
nities

2. Balanced token distributions within each com-
munity across time periods

3. Sufficient temporal gap between ¢, and t; to
allow for meaningful semantic change

The final corpus composition is presented in
Table 1. The complete DRIFT corpus contains
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17,574,237 comments comprising 1,169,588,177
tokens. The GENERIC sub-corpus is substantially
larger (more than 1 billion tokens vs. ~ 157 million
tokens) due to higher activity levels and greater
topic diversity in these subreddits.

Subcorpus Years Period Tokens
2010-2022 - 156,929,310
SUSTAINABLE 2010-2016  tg 37,511,206
2021-2022 t; 39,348,756
2010-2022 -  1,025,958,879
GENERIC 2010-2014 ¢, 211,366,895
2021-2022  t; 213,710,353
Total: 1,169,588,177

Table 1: Overall data distribution for the DRIFT
corpus across the communities and time periods.

To focus our analysis on terms most likely to
undergo semantic change, we applied a frequency-
based validation. Following Del Tredici et al. (2019),
we computed the frequency change for each of the
21 keywords from ¢ to ¢; in both communities. Only
keywords whose frequency increased by at least 2
standard deviations above the mean increase were
retained. This resulted in a final set of 13 keywords:
beef, burger, burgers, cheese, chicken, dairy, egg,
meat, milk, sausage, sausages, steak, and tofu.
This validation ensures that our subsequent anal-
yses focus on terms actively involved in ongoing
discussions about dietary change.

4. Neonym and Retronym Analysis

To measure awareness of dietary alternatives, we
analyzed the frequency of neonyms (terms iden-
tifying innovations, e.g., “plant-based milk”) and
retronyms (terms retroactively labeling traditional
options, e.g., “dairy milk”). We extracted bigrams
from each subcorpus using the NLTK pipeline (El-
hadad, 2010) with the following parameters:

* Minimum raw frequency: 10 occurrences

» Pointwise Mutual Information (PMI) score >
10

PMI measures the strength of association be-
tween two words compared to their independent
occurrence probabilities. High PMI scores indi-
cate fixed expressions and collocations, making
them suitable for identifying stable neonyms and
retronyms.

Among the automatically detected bigrams, we
manually retained only those that contain one of
our 13 keywords preceded by a modifier that speci-
fies the protein source either directly (e.g., “animal

milk”, “plant-based milk”) or indirectly (e.g., “real

meat”, “fake meat”). This way we made sure to
retain all lexical variations (e.g., non-dairy vs. non
dairy) present in our dataset. This process yielded
50 neonyms and 33 retronyms. The following ex-
clusion criteria have been applied:

 Pre-existing distinctions: Bigrams like “cow
milk” or “goat milk”, which existed before plant-
based alternatives to distinguish among dairy
sources, were excluded.

* Unique innovations: Terms referring to spe-
cific novel technologies (e.g., “lab-grown meat”,
“cultured meat”) were excluded as they repre-
sent distinct categories rather than anchored
alternatives to traditional products.

+ Ambiguous modifiers: Potentially ambigu-
ous terms (e.g., “real”, “fake”) were evaluated
by manually reviewing a random sample of
comments to make sure that they were used
predominantly to clarify the product’s source.

The final analysis focused on four keywords: milk,
meat, cheese, and burger(s). The remaining
keywords did not yield sufficient neonyms and
retronyms meeting our criteria. Table 2 presents
the top three neonyms and retronyms for each key-
word.

Keyword Neonyms Retronyms

milk plant-based milk, dairy milk, animal
non-dairy milk, milk, animals milk

nondairy milk

meat fake meat, non real meat, animal
meat, vegetarian meat, actual meat

meat

cheese vegan cheese, dairy cheese, real
fake cheese, vege- cheese, actual

tarian cheese cheese

burger(s) veggie burger(s), meat burger(s),
vegan burger(s), real burger(s),
vegetarian normal burger(s)
burger(s)

Table 2: Top three neonyms and retronyms for each
analyzed keyword

Diachronic Comparison Concerning the
SUSTAINABLE Community, both neonyms and
retronyms increased significantly from ¢y to ¢;
(p < 0.05). The average frequency of nheonyms
rose from 15.24 pmw to 22.52 pmw (48% increase),
while retronyms nearly doubled from 5.58 pmw to
10.12 pmw (81% increase). Although retronyms
remain less frequent overall, their faster growth
rate suggests increasing recognition of the need
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Figure 1: Pmw per year of neonyms (blue line)
and retronyms (red line) within the SUSTAINABLE
community.

to explicitly distinguish traditional products from
alternatives. Figure 1 displays yearly frequency
trends, showing steady growth with acceleration
after 2018.

As for the GENERIC Community, neonyms and
retronyms showed similar growth patterns, with
the frequency gap between them narrowing over
time. Both categories exhibited highly significant
increases (p < 0.001). From ¢, to t;, neonyms grew
from 1.02 pmw to 3.54 pmw (247% increase), while
retronyms increased from 1.68 pmw to 3.87 pmw
(130% increase). Despite lower absolute frequen-
cies compared to the SUSTAINABLE community,
the proportional growth is substantial. Figure 2
reveals a notable peak in 2019, when neonyms
surpassed retronyms for the first time, potentially
coinciding with increased mainstream media cover-
age of plant-based alternatives.

Diastratic Comparison The SUSTAINABLE
community uses neonyms and retronyms far more
frequently than the GENERIC community, reflect-
ing higher awareness levels among early adopters.
Average frequencies across all time periods show
neonyms at 18.99 pmw in SUSTAINABLE vs. 1.68
pmw in GENERIC; retronyms at 7.80 pmw in SUS-
TAINABLE vs. 3.22 pmw in GENERIC. This 10-fold
difference in neonym usage confirms that explicit
source specification is a linguistic marker of inno-
vation awareness.

Importantly, the diachronic analysis reveals that
neonyms and retronyms are growing proportion-
ately faster in the GENERIC community (247%
and 130% increases) compared to SUSTAINABLE
(48% and 81% increases). This pattern indicates
diffusion of awareness from innovators to the gen-
eral population, consistent with innovation adop-
tion models. The substantial frequency gap be-
tween communities also suggests potential seman-
tic differences in how these terms are employed, as
frequency shifts are known indicators of semantic
change (Del Tredici et al., 2019). We investigate
this possibility through lexical semantic change
analysis.

generic neonyms and retronyms per year

Legend
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40 { %= Retronyms
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xxxxxxxx
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Figure 2: Pmw per year of neonyms (blue line) and
retronyms (red line) within the GENERIC commu-
nity.

5. Language as a Thermometer of
Social Change: Experiments

The neonym and retronym analysis (Section 4) has
highlighted an increasing awareness of plant-based
alternatives in both innovator and general popula-
tions. However, awareness is a necessary but in-
sufficient condition for social change. People may
know about alternatives without changing their per-
ceptions of them, and they may understand op-
tions without developing positive attitudes toward
them. The critical question is: Are people not only
aware of plant-based alternatives, but also thinking
about themn differently and evaluating them more
favorably? We conduct two complementary anal-
yses. First, we examine lexical semantic change
(LSC) to detect whether food-related terms have ac-
quired new meanings or shifted their semantic con-
texts across time periods and communities (§5.1).
Changes in meaning indicate that the underlying
concepts have expanded: for instance, if "milk" in-
creasingly appears in contexts discussing ethics
and sustainability rather than just nutrition and taste,
this reflects a conceptual expansion that may pre-
cede behavioral change.

Second, we analyze shifts in connotations to
measure changes in affective attitudes toward plant-
based alternatives (§5.2). While semantic change
reveals what people associate with these foods,
connotation analysis reveals how they feel about
them. An increase in positive connotations sug-
gests growing acceptance that may not yet be re-
flected in consumption patterns.

Together, these analyses demonstrate how lan-
guage can function as an early warning system for
social change, detecting shifts in collective thinking
that precede shifts in collective action.

5.1. Changes in Meaning as Cues of
Changes in Perceptions

Lexical semantic change (LSC) in food-related
terms signals that the underlying concepts are be-
ing reconceptualized. We investigate whether our
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13 validated keywords exhibit LSC across time pe-
riods (diachronic) and between communities (dias-
tratic). Following Hoeken et al. (2023), we formu-
late LSC detection as a classification task: given a
set of keyword instances and two corpora (repre-
senting different time periods or communities), the
goal is to correctly assign instances to their source
corpus based on contextual usage.

To ensure fair comparison, we downsampled the
GENERIC corpus to match SUSTAINABLE'’s size
(112,791,295 tokens from 1,739,406 comments),
maintaining proportional temporal distribution. We
then employed four methods shown effective for
subtle semantic change detection:

* PPMI: Positive Pointwise Mutual Information
(context window +10, minimum frequency 10),
a pre-neural network method that registers pat-
terns of co-occurring words in the context of
the target keyword, encoded as 1 or 0 respec-
tively (Arora et al., 2016) (Arora et al., 2016).

+ SGNS: Word2Vec Skipgram with negative
sampling (300 dimensions, context window
+5, minimum frequency 10), whereby word
vectors are obtained by training a neural net-
work to predict the context of a target keyword.
Semantic spaces aligned via Orthogonal Pro-
crustes (Hamilton et al., 2016b), necessary for
cross-corpora comparison and to perform the
evaluation. The distance between vectors are
measure using cosine distance.

+ BERT (target): Masked language modeling
where target keywords are masked and pre-
dicted substitutions are compared across cor-
pora using Jensen-Shannon divergence (JSD).
High overlap suggests stable meaning, while
low overlap indicates semantic change. BERT-
base-uncased (Devlin et al., 2018) is used
without fine-tuning.

+ BERT (modifier): Same approach but mask-
ing the token preceding the keyword to detect
modifier-driven semantic shifts.

We pre-process the corpora as follows: mes-
sages were split into sentences with NLTK, non-
alphabetic characters, including punctuation and
trailing whitespace, were removed. All corpora are
lemmatized using SpaCy (Honnibal and Montani,
2018) for these experiments.

To distinguish genuine LSC from noise, we cre-
ate control corpora by randomly splitting reference
corpora (t, for diachronic, GENERIC for diastratic)
into two random halves. This way, we simulate a sit-
uation where we expect no meaning change. The
two halves are therefore treated as distinct corpora,
and the experiments are repeated.

For each of the 13 keywords, we obtain two pairs
of vectors: a.) test vectors from different corpora

(e.g., milk_tp vs. milk_t;); and b.) control vec-
tors from the randomly split reference corpus (e.g.,
milk_to_A vs. milk_ty_B). This results in a total of
26 pairs. Each pair is assigned a manual score,
i.e., the gold label: 1 represents "different corpus”,
0 represents "control corpus”. LSC is confirmed
when inter-corpus (different corpus) distance sys-
tematically exceeds intra-corpus (control) distance.

The models output a graded value that measures
the actual distances between each pair of vectors,
which we convert to binary values for comparison
with the gold label. The highest value is converted
to 1 because it is assumed to represent "different
corpus”, while the lowest one is annotated as 0,
i.e., the "control corpus". If LSC has occurred, the
automatic and manual annotations will be aligned,
as the distance between vectors from different cor-
pora will have been proved to be systematically
higher than those from control corpora. This way,
as mentioned earlier, instances of keywords can
be ascribed to the corpus they belong to, based
on their contexts of use. Figure 3 graphically illus-
trates the approach and detection of LSC using the
diachronic dimension as an example.

The approach of (Hoeken et al., 2023) that we
followed for validating the automatic LSC detection
has limitations, as the authors themselves highlight.
In particular, when converting graded outcomes to
binary values, even slight differences between the
graded values can flip the prediction. However,
we still consider that this is a valuable strategy for
comparing automatic and manual LSC. To over-
come the limitation, LSC results are assessed not
only based on the number of correct predictions,
but also measuring Pearson correlation between
graded outcomes and gold labels.

to t
split t0 in halves

t0_A t0._8 i
l control corpus J/ J/
milk_t0_A milk_t0_B milk_to milk_t1

P <—> I

cosine distance

3 <— I

cosine distance

expected to be smaller
if hypothesis correct

expected to be higher if
hypothesis correct

Figure 3: Graphic representation of the method
(by Hoeken et al., 2023) used to validate LSC.
Grapbhic created using Canva’s Free content. Cred-
its: OpenClipart-Vectors, furqonionii, Macrovector,
Fusion Books, Nithish Ramesh.

We compute two metrics: (1) #correct: num-
ber of keywords where test distance > control dis-
tance, and (2) Pearson’s p: correlation between
distance scores and binary labels (1 = test com-
parison, 0 = control comparison). High number of
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correct predictions with low correlation suggests
unreliable classification, potentially due to chance.
The higher the correlation between the gold labels
and the distance scores is, the easier it is to dis-
criminate the word’s contexts from different corpora
compared to the ones from the control corpora. Ta-
ble 3 presents results across three comparison
types: diachronic within SUSTAINABLE (SUS), di-
achronic within GENERIC (GEN), and diastratic
between communities (CROSS).

Diachronic analysis. Despite all correct predic-
tions in both communities, Pearson correlations
remain modest, indicating insufficient confidence
to conclude diachronic LSC occurred. This sug-
gests that while some keywords may show tem-
poral shifts, the signal is weak and inconsistent
across terms. However, BERT substitution analysis
reveals subtle patterns. In SUSTAINABLE_t;, “veg-
etarian” appears among top substitutes for “meat”,
reflecting its frequent use as a modifier in retronyms.
In GENERIC_t;, “animals” emerges as a substitute
for “meat” suggesting increased salience of the
food-source connection. These patterns indicate
growing explicitness about protein origins, though
not constituting robust LSC.

Diastratic analysis. All models achieve correct
predictions with strong correlations, confirming sys-
tematic differences between communities. SUS-
TAINABLE and GENERIC users employ food-
related terms in measurably distinct contexts.
BERT analysis reveals the nature of this divergence.
In SUSTAINABLE, “milk” and “meat” appear as mu-
tual substitutes, suggesting frequent co-occurrence
in ethical contexts (e.g., milk and meat production
cause animal suffering). In GENERIC, these terms
remain more semantically distinct, appearing pri-
marily in consumption contexts. This indicates that
SUSTAINABLE users have expanded food-related
concepts to encompass ethical dimensions, a cog-
nitive shift consistent with innovation adoption.
The absence of robust diachronic LSC contrasts
with clear diastratic differences, suggesting two in-
terpretations. First, 12 years may be insufficient for
detectable semantic change to consolidate within
communities. Second, and more interestingly, the
semantic differences between communities may
already have existed in 2010, reflecting stable ide-
ological distinctions rather than recent shifts. The
diastratic findings are theoretically significant: in-
novators (SUSTAINABLE) have reconceptualized
food-related terms to foreground ethical consider-
ations, while the general population (GENERIC)
maintains traditional, consumption-focused seman-
tics. This cognitive divergence represents a cru-
cial stage in innovation diffusion: innovators have
not merely adopted new products but developed a

fundamentally different conceptual framework for
understanding protein sources. The BERT substi-
tution patterns warrant particular attention. The
interchangeability of “milk” and “meat” in SUSTAIN-
ABLE discourse signals abstraction from specific
food types to a generalized ethical category. This
conceptual restructuring parallels historical cases
where moral reframing preceded social change,
such as the abolition movements (Otto et al., 2020).

5.2. Changes in Connotations as Cues of
Changes in Attitudes

While LSC reveals shifts in what people associate
with food terms, connotation analysis reveals how
they evaluate them. We measure affective shifts
along the positive-negative polarity dimension to
detect attitudinal changes that may precede behav-
ioral adoption. We employ the connotative hyper-
plane method (Basile et al., 2022), which positions
word embeddings relative to a classifier trained on
positive and negative seed words. Each keyword’s
position relative to this hyperplane indicates its af-
fective valence. We use the same Skipgram em-
beddings and corpus splits as in Section 5.1 and we
focused only on valid neonyms and retronyms from
Section 4. To ensure sufficient token frequency,
we have used placeholders for their modifiers (e.g.,
plant_milk, animal_milk).

We randomly sampled 300 sentences per
neonym/retronym pair (50 per subcorpus), yield-
ing 1,800 sentences. Three annotators assigned
polarity scores (1=positive, -1=negative, 0=neutral)
based on contextual sentiment. Inter-annotator
agreement (Krippendorff’s «) ranges from 0.55 to
0.63 (Table 4), indicating moderate agreement and
reflecting the task’s inherent subjectivity.

Diachronic patterns In the SUSTAINABLE com-
munity, attitudes toward plant-based alternatives
became more critical over time, particularly for
plant_burgers and plant_meat (Figure 4). Man-
ual analysis reveals this reflects increasingly so-
phisticated critique: while plant alternatives remain
preferred over animal products, users now high-
light environmental impacts of soy production, ultra-
processing concerns, and additive content. Taste
remains central: early positive mentions emphasize
flavor and texture, while later criticism cites expense
and processing. One t; comment exemplifies this
shift: “it doesn’t matter that you're ordering soy if
your soy burger is paying for the slaughterhouse
to be expanded”. In the GENERIC community, we
observe a negative shift for animal_milk and a pos-
itive shift for plant_burger(s), suggesting the gen-
eral population is following the innovators’ trajectory.
Early neutral attitudes toward plant burgers (bal-
anced mentions of taste and availability vs. limited
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SUS GEN CROSS
Models
#Correct Pearsonp #Correct Pearsonp #Correct Pearson p
PPMI 26 0.58 26 0.41 26 0.71
SGNS 22 0.31 22 0.27 26 0.78
BERT - target 26 0.59 26 0.84 26 0.91
BERT - modifier 26 0.65 26 0.75 26 0.86

Table 3: Results of the LSC experiment. SUS (SUSTAINABLE), GEN (GENERIC), CROSS (diastratic).

Term Type milk meat burger(s)
animal_* 0.58 0.57 0.55
plant_* 0.61 0.63 0.62

Table 4: Inter-annotator agreement (Krippendorff’'s
«) for neonyms and retronyms.

options and unfamiliarity) evolved toward more pos-
itive evaluation emphasizing improved taste and
variety. Conversely, animal_milk acquired negative
associations, with t; comments frequently ques-
tioning the “naturalness” of dairy consumption for
humans.

Diastratic patterns The SUSTAINABLE commu-
nity maintains markedly more positive attitudes to-
ward plant alternatives and more negative attitudes
toward animal products (Figure 4). The largest dif-
ference concerns animal_meat. SUSTAINABLE
users emphasize animal suffering, resource deple-
tion, and moral concerns, while GENERIC users
remain predominantly positive, highlighting nutrition
and taste. However, GENERIC users with negative
attitudes cite remarkably similar concerns (animal
welfare, environmental impact, ethics), suggest-
ing nascent awareness among a minority. Notably,
plant_milk shows convergence: both communities
express largely positive attitudes, with overlapping
justifications (taste, health, environmental benefits).
This may indicate that plant_milk has achieved
broader acceptance than other alternatives.
Connotation analysis reveals attitudinal shifts
invisible in behavioral data. Overall, we can ob-
serve that SUSTAINABLE users’ increasingly crit-
ical stance toward plant alternatives reflects mat-
uration beyond simple advocacy: they now apply
sustainability criteria to evaluate all food production,
including plant-based. This suggests genuine inte-
gration of environmental values rather than super-
ficial trend-following. Secondly, GENERIC users
show early signs of adopting SUSTAINABLE atti-
tudes, particularly regarding plant burgers (increas-
ingly positive) and dairy milk (increasingly nega-
tive). However, this diffusion is incomplete and
uneven across product categories. Finally, words
like “milk” and “burgers” now often reference differ-

ent products in different communities, necessitating
the LSC analysis to disentangle semantic from af-
fective shifts. This indicates that language change
is multidimensional, where meaning and valence
jointly evolve.

6. Discussion

The linguistic analysis performed on the DRIiFT
corpus reveals subtle attitudinal shifts within the
protein transition debate that remain undetectable
through traditional market analyses. A clear pattern
of innovation diffusion emerges from the SUSTAIN-
ABLE community toward the GENERIC one, align-
ing with established models of innovation spread
(Judge et al., 2024).

Within the SUSTAINABLE community, language
use reflects a strong integration of environmental
and ethical values, accompanied by widespread
awareness and positive attitudes toward plant-
based alternatives. These attitudes are increas-
ingly visible in the GENERIC community as well,
suggesting that early adopters play a key role in
shaping broader social acceptance of alternative
proteins. However, only SUSTAINABLE users ex-
hibit a genuine reconceptualization of the food lex-
icon, indicating a deeper perceptual and ethical
shift. Terms such as “milk” and “meat” frequently
occur in contexts referring to plant-based products,
highlighting a semantic broadening rooted in moral
and environmental considerations.

These changes are primarily observable at the
diastratic level, indicating that while the GENERIC
community shows signs of convergence, the so-
ciolinguistic gap between the two groups remains
substantial. The absence of significant diachronic
LSC indicates that the potential changes in mean-
ing at the denotative level are not captured by ap-
proaches grounded in the Distributional Hypothesis:
as a matter of fact, the core context of occurrence of
the selected terms does not change. Nonetheless,
the widespread presence of innovation awareness
and favorable attitudes toward the protein transition
across both communities provides clear linguistic
evidence of emerging social change. Historically,
comparable linguistic indicators have preceded ma-
jor societal transformations, where shifts initially
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Figure 4: Diastratic connotative shifts for the neonyms and retronyms of “milk”, “meat”, “cheese” and

“burger(s)”.

confined to small groups of innovators eventually
reshaped mainstream discourse and collective val-
ues (Otto et al., 2020).

Overall, these findings confirm that language
functions as a sensitive barometer of social change,
capable of detecting emerging trends “beneath the
surface”. Linguistic analyses such as ours offer
a valuable complement to behavioral and market-
based approaches, which typically register societal
change only once it has already occurred.

7. Conclusion

We introduce DRIFT (Debates on Reddit in-
volving Food Transition), a large, curated cor-
pus (2010-2022) and a set of language-based
measures designed to detect early signs of so-
cial change in the ongoing protein transition.
Using complementary linguistic probes, such
as neonym/retronym frequency, lexical semantic
change (LSC) detection, and embedding-based
connotation analysis, we document a consistent
pattern of innovation diffusion: linguistic innova-
tion and ethical reframing originate in SUSTAIN-
ABLE (innovator) communities and are spreading
into GENERIC (general-public) communities. Cru-
cially, our results show strong diastratic differences
(systematic semantic and connotative divergence
across communities) but weak evidence of con-
solidated diachronic denotational shifts within the
12-year window.

Taken together, the findings validate the claim
that language functions as a sensitive “thermome-
ter” of subtle social change: attitudinal shifts (pos-
itive valence toward plant-based products; moral-

ization of animal-based products) are already de-
tectable in discourse even where behavioral met-
rics remain inconclusive. At the same time, the
diastratic—diachronic contrast highlights important
methodological caveats: Reddit subcommunities
are valuable but partial proxies for public opinion,
and distributional LSC methods may miss subtle,
slow-moving semantic consolidation without longer
or broader corpora.

Future work will target three main venues: a.)
extending temporal coverage and data sources
(e.g., news, reviews, other social platforms) to test
whether diachronic reconceptualization emerges
over longer spans; b.) applying multilingual and
cross-platform analyses to assess generalizability
beyond English Reddit; ¢.) integrating behavioral
data to link linguistic indicators with downstream
adoption.
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9. Appendices
9.1.

The manually isolated keywords (and phrases),
based on a sample of 500 comments are reported

Appendix A - noisy keywords
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in Table 5. While some of the listed keywords may
not completely eliminate unwanted content, or on
the contrary, eliminate some comments that are not
entirely unrelated to the topic of protein transition,
we aimed at a finding a good balance between the

two.

Keyword/phrase

Reason

remember the milk
cock

beat my meat
porn

have beef with
turkey calls
leader of turkey
kindler egg

reel big fish

the milk man
your man meat
chicken pox

left to get milk
string cheese incident
lay eggs

laid a egg
pregnancies
egg them

like dead fish
ages like milk
i’'m a bot

nipples

titty

chicken and egg
catching fish
caught a fish

computer app
sexual, explicit
sexual, explicit
sexual, explicit
figurative

hunting device, unrelated

Turkey (country)

typo, confectionary product

music band
figurative, joke
sexual, explicit
disease

figurative

music band
biological, unrelated
biological, unrelated
biological, unrelated
figurative

figurative

figurative
automation

sexual, explicit
sexual, explicit
figurative

social, recreational
social, recreational

Table 5: Data distribution across the time periods
and the communities
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