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Informationalecosystemspartiallyexplain
differences in socioenvironmental
conceptual associations between U.S.
American racial groups
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Roberto Vargas & Timothy Verstynen

Social groups represent a collective identity defined by a distinct consensus of concepts (e.g., ideas,
values, and goals) whose structural relationship varies between groups. Here we set out to measure
how a set of inter-concept semantic associations, comprising what we refer to as a concept graph,
covaries between established social groups, based on racial identity, and how this effect is mediated
by information ecosystems, contextualized as news sources. Group differences among racial identity
(278 Black and 294 white Americans) and informational ecosystems (Left- and Right- leaning news
sources) are present in subjective judgments of how the meaning of concepts such as healthcare,
police, and voting relate to each other. These racial group differences in concept graphs were partially
mediatedby the bias of newssources that individuals get their information from. This supports the idea
of groupsbeing defined by commonconceptual semantic relationships that partially arise from shared
information ecosystems.

Social groups are defined by a set of individuals who hold a common social
identification or view themselves as members of the same social category1.
According to social identity theory, groups provide a framework for
understanding oneself in the context of a larger societal framework2. Con-
sequently, group frameworks represent a collectively shared identity,
defined not only by a common set of ideas, values, and goals, but also by a
collective semantic knowledge that serves as a lens through which the
environment is givenmeaning. This collective knowledge provides a tool for
reducing individual bias and increasing group accuracy for problem-solving
and decision-making (i.e., “wisdom of the crowds”3); however, in some
contexts, collective knowledge can also introduce heuristic biases reinfor-
cing stereotypic associations towards specific social identity groups4,
reflected in the “bias of the crowds” theory5.

If groups are defined by a shared set of concept semantic relationships,
then how does this collective concept map develop? Early social theories
emphasized that knowledge is the product of social interactions6. This
constructionist framework proposed that a group’s unified understanding
of reality is shaped primarily by social interactions and agreements on the
meanings assigned to common experiences, where shared practices and
negotiations defined collective understanding that evolvedwith interactions
within a community7.However, another source of collectivemeaning comes
from shared information ecosystems (e.g., television, social media,

websites). It is theorized that news sources, through repeated coverage of
issues surrounding specific concepts, communicate not only that concept
schemas or frameworks are shared by a group of individuals, but also
provide specific criteria for how concepts should be subsequently
evaluated8,9. Selective consumption of media messaging may prioritize the
importance of certain topics over others and frame the perspectives people
use to evaluate an issue or topic (e.g., viewing immigration as an economic
threat or moral issue8. In extreme cases, selective media consumption may
enhance beliefs in conspiratorial viewpoints10. By continuously raising
awareness about an individual or issue, media can sculpt concept relations
by reinforcing or severing associative information. For example, on March
8th of 2020 there was a 650% increase in the use of the term “Chinese virus”
on Twitter (now X) following the use of stigmatizing language by media
outlets on March 8th11, reflecting a suddenly strengthened association
between the concepts of Chinese identity and the COVID-19 pandemic.
Taken together, this suggests that information ecosystemsmay influence the
collective relationship of concepts shared by members within a given
social group.

In the United States, one of the most distinct group boundaries is
racial identity. As groups, white and Black identifying Americans often
have different attitudes and beliefs on issues like law enforcement12,
healthcare13–15, religion16, and political leaning17. At the cognitive and
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neural levels, the strength of the association between unique concepts
can bemapped out as a graph, defining the unique “concept geometry” of
representations for each person18–24. Associative relationships among
concepts and attitudes have the potential to provide insight into a deeper
meaning structure when measured between social groups, potentially
informing a larger cultural context25. If shared information ecosystems
(e.g., news sources) contribute to how groups build their collective
concept graphs, then we should see at least part of the variability in
group-level concept graphs being mediated by the biases of their
information sources. That is, to what extent are group differences in
concept associations attributable to related information consumption
rather than possibly lived experiences? Here we tested this idea by
exploring the relationship between various facets of identity (including
race, gender, income, and age) and the political bias of the news subjects
consumed. This relationship between identity and news bias can be
understood within the architecture of conceptual associations, referred
to as a concept graph, consisting of socioenvironmental concepts (police,
firefighters, healthcare, science, religion, voting, immigration, neighbors,
liberals, and conservatives) and attitude concepts reflecting ‘primitive’
emotions (anger, sadness, fear, joy, love, trust)26. Specifically, we hypo-
thesize that (a) there will be reliable differences in concept graphs
between Black and white identifying participants for socio-
environmental concepts; (b) that informational ecosystems, represented
as the bias in the news participants consume, are associated with dif-
ferences in concept graphs; and (c) that informational ecosystems will at

least partially mediate (i.e., partially explain) identity-based differences
in concept graphs.

Methods
Participants
A sample of 600 participants were recruited via Amazon Mechanical Turk
(MTurk; using Cloud Research MTurk Toolkit) and Cloud Research
Connect. Participants were included in the sample if they completed the
study session (585), identified as non-Hispanic white American or Black/
AfricanAmerican (572), and identified asmen orwomen (567).We did not
differentiate between cisgender or transgender participants. For news-based
analyses, only participants who included news consumption responses
which could be assessed for bias were included. This restriction resulted in a
final sample of 446 participants (for complete demographic breakdown see
Supplementary Fig. 1). Due to technical complications with MTurk,
recruitment was changed from MTurk to Connect midway through data
collection. There is a chance the same participant could have been recruited
from both platforms, however, to catch if this had occurred, participant’s
MTurk identifiers were queried during their recruitment via Connect.
MTurk identifiers from participants recruited through Connect were then
cross referenced with those previously collected from MTurk. No repeats
were identified. Informed consent was obtained from all participants in
accordance with the study protocol as approved by Institutional Review
Board ofCarnegieMellonUniversity.No studymaterialswere preregistered
for this study.

Fig. 1 | Concept graphs generated using pairwise ratings of associability.
a Example of a single trial for obtaining pairwise concept rating. b Average asso-
ciation rating across the full sample for all 120 possible pairs. c Fully connected
concept graph of inter-concept associations. This graph is based on the average

similarity data across the full sample of analyzed data (N = 446). Each concept is
represented as a node, concept-pair edge weights are used to tune distances
between nodes.
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Experimental procedure
Concept pair associativitywasmeasuredusing the Pairwise RatingMethods
(PRaM)22. Participant-provided ratings, ranging from−7 to+7, were used
to assess the (dis)similarity between pairs of concepts (Fig. 1a). A rating of
−7 indicated a strong opposition between concepts, while +7 signified a
high degree of relatedness. A rating of 0 suggested no relation between the
concept pair. These ratings were gathered for every one of the 120 different
combinations of the following 16 concepts: police,firefighter, your neighbors,
political conservatives, political liberals, healthcare, voting, immigration,
religion, science, anger, fear, joy, love, sadness, and trust. These socio-
environmental concepts were selected based on previous research on atti-
tude that showed discrepancies between Black and white Americans.
Firefighters was an exception in that it was selected because there were no
expected identity-based differences. The presentation order of the concept
pairs was randomized, however, their left-right positioning was not. The
mean probability of left positioning across the 16 concepts was 50% with a
range of 0–100%. Although we do not suspect the left-right positioning of
the concepts to influence ratings, future implementations of this task will
aim to balance this.

After completing the PRaM, participants were asked to report their 3
most frequently consumed news sources. Participants who provided news
consumption responses which did not provide sufficiently detailed infor-
mation were excluded from the analyses; this was primarily due to parti-
cipants listing exclusively algorithm-driven news sources (e.g., YouTube,
Facebook, Reddit, X/Twitter). The political bias associated with each news
source was assessed along a 5-point scale (Left (1), Left-leaning (2), Center
(3), Right-leaning (4), or Right (5)) using All-Sides media bias metrics27.
News consumption political bias was then computed by taking the mean
across bias rating across the three listed news sources.

Data analysis
Tomeasure the internal reliability of the Pairwise RatingMethod (PRaM) a
split-half reliability measure was computed22. The reliability of the whole
sample was 0.94; 0.94 for the subset of Black identifying participants and
0.92 for the subset of white identifying participants.

Identity and news source effects were estimated for each concept-pair
using an edge-wise general linear model. Although a single multivariate
model containing all 120 concept pairs could have been computed, due to
statistical power constraints and our interest in individual concept pairs,
regression modeling (with family-wise error correction) was computed on
individual concept pairs.Model predictors included: racial identity (dummy
coded such that Black / AfricanAmerican = 1); gender (dummy coded such
that Female = 1); income (ordinalized by income bracket (see Supple-
mentary Fig. 1 for bracket breakdown)); age; mean news consumption bias
(see Supplementary Table 1 for full model results). Observed effects were
comparedagainst a null distribution generated for each concept-pair using a
10,000-iteration permutation test, where features were randomly scrambled
on each permutation. Multiple comparisons were then corrected using a
false-discovery rate (FDR)of 0.05.Age, gender (maleor female), and income
did not show significant differences for any of the 120 edges with exception
of voting-joy forAge, r(444) =−0.16, p < 0.001, 95%CI [−0.25,−0.07], with
older individuals rating the pair as more similar. Nonetheless, they were all
included as nuisance terms in the model.

The relationship between concept uncertainty andnews-bias effects for
each concept pair were measured using Shannon’s entropy. Entropy was
calculated across participants for each concept-pair as
H ¼ �Pn

i¼1p xi
� �

log2p xi
� �

, where pðxiÞ is the probability that rating i is
selected for a specific concept pair. An offset sigmoid function was fit to the
relationship between news-bias effects and entropy: 1=1þ e�a�ðx�bÞ þ c.

A subsequent mediation analysis28 was computed to measure whether
the effect of racial identity on edge-length was moderated by the bias in the
news that people consume. Dummy coded racial identity (x) was used to
predict concept-pair distances (y) treating bias in news consumption as a
mediator (z). Statistical significance of themediation test was alsomeasured
using a 10,000-iteration permutation test. A Sobel test provided converging

evidence of mediating effects. All indirect and direct effects were FDR
corrected for multiple comparisons.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Results
Understanding concept graphs from individual ratings
Pairwise concept associability served as the basis for generating graphs of
concept pairs for individual participants. The associability of a concept pair
can be intuited as its weighted connection, that is themagnitude of semantic
relatedness29. Concept-association ratings were obtained by asking partici-
pants to provide ratings (−7 to +7) of the (dis)similarity for a pair of
concepts (Fig. 1a). Ratings of −7 represented anti-relatedness (i.e., oppo-
sites), ratings of +7 represented extreme relatedness, and 0 indicated that
the pair of concepts were unrelated. Ratings were obtained for all 120
possible combinations of the following 16 concepts: police, firefighter,
neighbors(yours), conservatives(political), liberals(political), healthcare, vot-
ing, immigration, religion, science, anger, fear, joy, love, sadness, trust. These
120 ratings constitute the complete set of associations for individual parti-
cipants for this set of concepts (Fig. 1b). Concept-pair ratings were then
converted to edge weights that were used to compute the length of unit
vectors within a graph (Eq. 1).

eði;jÞ ¼ 1�
ðs i;jð Þ � rminÞ
ðrmax � rminÞ

ð1Þ

Where s(i,j) is the similarity rating for concept-pair(i,j) and rmin and rmax refer
to theminimum (−7) andmaximum (+ 7) values of associability (Fig. 1a).
The resulting concept-pair edge weight e(i,j) ranging from (0,1) is
proportional to associability, with values closer to 0 indicating greater
similar associability and values closer to 1 indicating greater dissimilarity
(Fig. 1c). Group variables (e.g., racial identity, partisan news consumption)
were used to predict differences in individual concept edge-lengths. The
subset of differing edge-lengths can then be represented as subgraphs
(Fig. 2a). The configuration of the resulting subgraphs depicts a cognitive
map for how individual participants or group of participants represent the
relationships among this subset of socioenvironmental concepts.

Differences in concept geometry across racial identities
Black and white identifying Americans differed in their associations of
socioenvironmental concepts along several concept pairs (represented as
nodes and edges comprising a subgraph; Fig. 2a).A concept node’s centrality
in this context indicates how frequently it differs between groups, based on
the number of unique edges it is connected to. Therefore, a concept’s cen-
trality value reflects theproportionofpairs that feature the concept that show
a statistical group difference. The socioenvironmental concept nodes that
tended to serve as central hubs for the race-related edge-length differences
including religion (centrality = 0.64), conservatives (centrality = 0.57), science
(centrality = 0.50), and police (centrality = 0.43). In some cases, edge-lengths
were shorter (i.e., indicating greater similarity) forBlackparticipants than for
white participants (e.g.,police-fear; represented as blue edges inFig. 2a)while
in other cases edge-lengthswere shorter forwhite participants than for Black
participants (e.g., voting-trust; represented as red edges in Fig. 2a). For some
of these concept-pairs, the difference in similarity ratings (Fig. 2b) reflects
varying magnitudes of associability in the same direction (e.g., police-fear)
while other similarity ratings reflected associability in antipodal directions
(e.g., police-trust). Separating subgraphs for each racial group along edges
with the strongest group effects reveals overall qualitatively similar topolo-
gies between the two groups (Fig. 2c, d). Although differences exist between
racial groups, this analysis does not reveal to what extent do informational
ecosystems may mediate these differences (contextualized as politically Left
or Right partisan bias in news consumed).
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News bias is associated with greater uncertainty
One way news source could bias the association between concepts is by
influencing the most pliable, i.e., uncertain, associations. We looked for a
signatureof this effect bymeasuring theShannonentropyof conceptpairs and
seeing how thismeasure associatedwith news bias effects in concept relations.
Regression coefficients of the effect of news bias on concept-pair associations
were asymptotically related to an increase in entropy for concept pair asso-
ciation (Fig. 3a). The direction of the news bias effect (positive or negative
regression coefficients) did not differ in their respective association with
concept pair entropy (Fig. 3b). The concept pairs thatwereunaffected bynews
bias also had the lowest entropy, including pairs like joy-love and love-trust.
Examples of concept pairs that showed high effects of news bias and high
entropy include liberals-trust and conservatives-trust. Overall, there was a
strong correlation between the news bias effects on a concept pair and that
pair’s across-subject entropy, with entropy explaining over a quarter of the
variance in the news bias effect (fit: a = 36.329, 95% CI [6.86, 65.80];
b =−0.004, 95% CI [−0.03, 0.02]; c = 2.729, 95% CI [2.45, 3.01]; R2 = 0.271).

Thus, greater uncertainty of an individual concept pair relationship meant it
was more likely to also be associated with the political bias of an individual’s
news source.Wenext exploredhowthis effect of information ecosystemcould
mediate our observed group differences in concept relations.

News bias mediates identity-based associations
Finally, we are ready tomove on to our primary hypothesis on howpartisan
bias in news consumption may mediate racial identity-based differences in
concept geometry. Left- and Right- leaning news consumers had differing
edge-lengths along 44 of the 120 possible concept pair associations (see
Supplementary Fig. 2 for bar plot of association ratings between Left- and
Right- leaning news consumers). Among the 44 concept pairs that differed
by news consumption, 18 also differed between Black and white Americans
in a seemingly systematic way. Specifically, for this common subset of 18
group-differing edges, Left-leaning news consumers and Black Americans
showed similar patterns of concept pair associations, whereas Right-leaning
news consumers andwhite Americans displayed similar patterns. Although

Fig. 2 | Subgraph and group comparisons for race-differentiated concept asso-
ciations. a Subgraph of differing edges between Black andWhite participants. edges
are for pooled data between Black andWhite participants (N = 446). Concept edges
are represented by the edge width/length (wider/closer = stronger association;
thinner/farther = weaker association). Edges with stronger association for Black
participants are shown in blue and edges with stronger association for White

participants are shown in red. b Bar plot showing association ratings for race-
differing edges averages for Black andWhite participants separately. Error barsmark
95% CI boundary. c, d Subgraphs of race-differing edges for Black and White par-
ticipants, respectively, for the same edges and nodes as panel a. Similarity data are
pooled within each group.
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the total sample of participants tended to consume Left-leaning news
(Fig. 4a; mean bias = 2.29, 95%CI [2.18, 2.41]), there were significant dif-
ferences in the direction of partisan news consumption between Black
(mean bias = 2.04, 95%CI [1.89, 2.19]) and white participants (mean bias =
2.52, 95%CI [2.36, 2.69]; Fig. 4b), t(444) =−4.216,p < 0.0001,d =−0.4, 95%
CI [−6.18, −2.25]. A significant correlation between race and news bias
consumption, r =−0.195, p < 0.0001, 95%CI [−0.28, −0.1], suggests that
Black identifying participants consume more Left-leaning news and white
identifying participants consume more Right-leaning news (although it
should be noted that, in the aggregate, the magnitude of this difference is
only about 0.5 points on the news bias rating scale). A follow up statistical
mediation analysis revealed that news bias partially mediated 18 of the
original 31 race-differing edge-lengths, while 3 of the remaining 13 edge-
lengths were completely mediated by news bias (for a schematic of the
mediation model and full model results see Supplementary Fig. 3 and
Supplementary Table 2, respectively). These fully news-mediated concept-
pairs included: conservatives-healthcare; religion-anger; and religion-love.
Figure 4c shows a subgraph of the partially mediated edges subset from the
subgraph of race-differing edges (Fig. 2a). Figure 4d shows the subgraph of
the race-differing edges, excluding the 3 edges completelymediated by news
effects. Concept relations differed more across Left and Right news con-
sumers than across Black and white racial groups, as evident by the number
of concept pairs that show differences (i.e., 44 vs 31). Moreover, while news
consumptionpartly explains racial differences in the overlapping18 concept
pairs, these differences persist even after accounting for news consumption.

Discussion
We found that identity and informational ecosystems play a critical role in
how we think about our societal environment. Specifically, Black and white
identifying participants had consistent inter-group differences in their
concept graphs for socioenvironmental concepts. A subset of these race-
differing concept-pair edges were partially mediated by the partisan bias in
the news participants consumed. That is, news consumption partly
explained racial differences in several overlapping concept pairs; however,
these differences persist even after accounting for news consumption.
However, for all but three edges, the race-differing concept-pairs that were
statistically mediated by news bias continued to show differences across
groups, suggesting that news bias does not eliminate associative differences

across race. Independent of race, over a third of the edges in concept graphs
(44 of 120) were associated with partisan biases in news sources and this
effect correlatedwith the overall entropy of the concept-pair, suggesting that
those associations with the greatest uncertainty were also the most sus-
ceptible to the bias of information sources. These findings suggest that there
are associative differences in concept graphs across identity and informa-
tional ecosystems. Although people’s values and opinions factor into their
ratings of conceptual similarity, concept associations reflect the semantic
structures that sculpt and filter an individual’s view of their reality. In this
way, a set of concept associations reflects a semantic knowledge that is
inclusive of both what people know and how people feel.

What does it mean for white and Black Americans to differ in their
conceptmaps for socioenvironmental concepts? It is first important to note
that this study is insufficient in establishing a causal relationship between
any facet of identity and concept association. Even if our observed effect
between news source and group biases in concept relations were causal, it
only explains a portion of the variance in differences between Black and
white Americans. It is also important to note that the construct of racial
identity is not innate, nor can any racial identity be reduced to an essential
set of views or characteristics30. One possible explanation for racial differ-
ences in the representation of socioenvironmental concepts may be the
historical and empirical disparities in how Black and white Americans have
experienced public-serving institutions. Although there have been positive
trends in equalitarian attitudes in the United States since the 1940s31,32,
people of color are at greater risk of being killed by police use of force33,34,
receive more severe treatment plans by clinicians35, and have a greater
likelihood of being targeted for voter disenfranchisement36. These empirical
studies suggest that racial and ethnic minorities have largely different life
experiences in America relative to white Americans, which would be
expected to manifest on how they think about associated concepts. This
could be an explanation for a large part of the variance of our group effect
that is not explained by biases in news consumption.

Consistent with previous research, we also found that political leaning
diverged between Black and white racial identity lines, from Left to Right
respectively (Fig. 4b)17. One possible explanation for this divergence is that
people tend to consume media that aligns and reinforces existing values,
goals, and ideas37. Evidence to support this claim at a group level could be
that despite a difference in Left- versus Right- leaning partisan news

Fig. 3 | Relationship between news bias effects and concept association uncertainty. a The absolute value of news bias effects plotted against concept association entropy.
b News bias regression coefficients plotted against concept-pair entropy. Concept pairs with extreme entropies or regression effects are labeled.
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consumption across racial groups, news bias only completely mediated 3 of
the 31 concept pairs and partiallymediated 18 of the 31 concept pairs across
racial identity and concept association. One example of a partiallymediated
concept pair was police-trust. That is, even though news consumption
explained part of the differences in association between racial identity and
police-trust, racial identity-based differences were maintained even when
controlling for news effects. These results suggest that news consumption
likely does not invalidate identity-based experiences and associations
between concepts. The concepts that were hubs for mediated news effects
included police, religion, science, and conservatives. Media effect theories
demonstrate that people are limited in their capacity to attune to infor-
mation and often self-select media messaging that connects with, rather
than challenges, their own experiences38–40. In this way, participants may be
self-selecting the news that they consume such that it is consistent with
personal experiences or attitudes towards hub concepts that amplify

differences across racial identities. Further work is needed to elucidate the
causal direction(s) in this effect.

The effect of partisan bias of the news sources in our study was both a
stronger influence on concept geometries than racial identity and partially
mediated the racial group effects in concept geometries. This associative
difference across news consumption, regardless of specific partisan bias,
brings into focus the relative impact of informational ecosystems on an
individual’s understanding of the world. In 2022, the average American
spent 7 h and 19min engaging with digital media per day41, with 33% of
Americans preferring to get their news from televised programming and
53% of Americans preferring their news from digital devices such as
smartphones, computers, or tablets42. Of this 53% of Americans who prefer
digital devices, 43%utilize newswebsites.News sources are thought to frame
concepts shared by a groupof individuals and specify criteria for subsequent
evaluation8, which is largely supported by our observations here. However,

Fig. 4 | Partisan news consumption and its mediation of race-differing concept
associations. Partisan news consumption partially mediated several edges that
differed between Black and White participants. a, b Although the total sample
generally consumed Left-leaning news, White participants consumed more Right-
leaning news than Black participants. c These news-mediated edges can be repre-
sented as a subgraph of the race-differing effects. Only 3 of the original 31 edges that
differed between Black and White participants were completely mediated by news
consumption. These edges are: conservatives-healthcare, religion-anger, and religion-

love. d Subgraph of all race-differing edges excluding the 3 edges that were com-
pletely mediated by news consumption. Purple lines denote edges that are partially
mediated by news consumption but also have a direct effect of race, that is, they are
partially mediated by news consumption. Dark grey lines denote race differing edges
that did not differ by news consumption. The nodes that served as hubs include:
religion (centrality = 0.5), conservatives (centrality = 0.5), science (centrality = 0.5),
and police (centrality = 0.43).
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as with any group identity, political ideological views are not monolithic.
Measures of news consumption do not describe the specific quality of an
individual’s views such as beliefs on limited government and cultural
conservativism43.

It is worth noting that the concept pairs most susceptible to partisan
news bias were also the most uncertain, as measured by Shannon entropy.
This effect was largely pronounced in how participants think about liberal
and conservative political ideologies (e.g., conservatives-trust and liberals-
trust). This political ideological divisiveness is further supported by an
increase in representational distances across ideological lines for the subset
of concept-pairs that included a concept referring to a political group (i.e.,
conservatives or liberals; see Supplementary Fig. 4 for scatterplot of news
effects and inter-partisan representational distances). One possible
mechanism for explaining the relationship between across-participant
entropy and news effects could be a limitation in information processing.
Limitations in information processing capacity have been theorized to
bottleneck viewers to attune to selective information44,45. Although past
media effect research has largely focused on televised programming, digital
media consumption has continued to increase yearly from 214min daily in
2011 to 438min daily in 202241. This increase in digital media consumption
speaks to the growing accessibility and quantity of available information
despite limited capacity for information processing in a world of readily
present and accessible information. In the context of this study, one pos-
sibility for the increased uncertainty in concept pairs containing socio-
environmental concepts is a consequence of contradictory conceptual
associative messaging from partisan sources. Although our findings are
consistent with past research suggesting that news bias effects influence
conceptual representations8, it is possible that the relationship betweennews
bias effects and concept pair uncertainty could be mediated by unknown
factors.

Concepts serve as the units of meaning that organize our under-
standing of both the internal (mental) and external (physical) world.
How concepts are organized together sets the framework for making
decisions on how to act in the world. Critically, both concepts and their
relative associations are not immutable. Just as social biases are con-
tingent on context5 so are concepts. Any identity (racial, political, or
otherwise) cannot be reduced to a prescribed set of associations, rather,
identity can be thought of as reflecting social and societal contexts
(including experiential or informational46; which alter the probability of
the formation of certain associations. Here we show that concept asso-
ciations differ along racial identity and partisan news consumption
boundaries. Notably, the magnitude of the effect of news consumptions
is considerably greater than that observed by racial identity. The relative
strength of the news consumption effect over racial identity is high-
lighted both by the number of concept pairs with differing edge lengths
(44 compared to 31) and by themagnitude of rating differences observed
along those differing concept pairs (Fig. 2b; Supplementary Fig. 2). This
difference in impact suggests that informational ecosystems play a larger
role than group membership for semantic cognition. Although this
study does not specify mechanisms for differences between white and
Black racial identities and between partisan news consumers, it provides
an empirical basis for subsequent investigation into possible mechan-
isms driving differences in concept geometries. Specifically, how do our
experiences or the experiences of groups we identify with influence our
perceptions of the society we are nested in and how are the resulting
associations causally influenced by the informational ecosystems we are
exposed to?

Limitations
Althoughparticipants recruited through crowdsourcing platforms aremore
representative of the broader U.S. population than locally recruited college
samples, they remain often less diverse and suffer from concerns about
response quality47. Crowdsourced participants tend to be more educated,
younger, and predominantly white identifying relative to the general
population48. Moreover, crowdsourced participants tend to generally be

politically left leaning, as we observed in the distribution of news bias scores
in our sample. Yet, the values and personality traits typically held by con-
servative and liberal individuals recruited through crowdsourcing tend to
reflect the general population49. To mitigate issues of representativeness,
selective recruitment was implemented to target groups of interest to allow
for large samples of participants to be recruited within each group. More-
over, participants were recruited through Cloud Research Connect or
through Cloud Research’s TurkPrime Toolkit which tend to have higher
response quality relative to recruitment through MTurk directly50. In
summary, although steps were taken to mitigate unrepresentativeness
within the sample, it is possible the results presented here deviate from the
general population.

Conclusions
Racial identity and informational ecosystems—defined through news
consumptionbiases—play critical roles in shaping the semantic associations
between socioenvironmental concepts. Black and white identifying Amer-
icans exhibited reliable group differences in their conceptual relationships,
potentially reflecting broader disparities in life experiences and information
exposure. Partisan news consumption partially mediated these differences,
with politically polarized sources exerting a stronger influence on concept
geometry than racial identity alone. Notably, concept pairs that reflected
higher levels of uncertainty were more susceptible to the effects of partisan
bias, highlighting the plasticity of concept associations under informational
influence.

Despite news bias accounting for some inter-group variability, racial
differences in concept associations persisted, suggesting that lived experi-
ences remain critical to cognitive representations. These findings demon-
strate the interplay between identity, media consumption, and cognitive
structures, highlighting the need for further research into the mechanisms
by which lived experiences andmediamessaging interact to influence social
cognition within a larger ecological context.

Data availability
All de-identified data are openly available via corresponding authors’ lab
GitHub: https://github.com/ExCaLBBR/ExCaLBBR_Projects/tree/main/Socio
environmentalGeometry.

Code availability
All code for data processing, analyses, and visualization were developed in
Python and are openly available in the form of Jupyter notebooks via corre-
sponding authors’ lab GitHub: https://github.com/ExCaLBBR/ExCaLBBR_
Projects/tree/main/SocioenvironmentalGeometry. All code is executable via
Google Colab such that no local software or dependencies are required.

Received: 21 April 2024; Accepted: 10 January 2025;

References
1. Stets, J. E., &Burke, P. J. Identity theory and social identity theory.Soc.

Psychol. Quart. 224–237. https://doi.org/10.2307/2695870 (2000).
2. Tajfel, H., & Turner, J. C. An integrative theory of intergroup conflict. In

W. G. Austin & S. Worchel (Eds.), The social psychology of intergroup
relations (pp. 33–48). Monterey, CA: Brooks/Cole. (1979).

3. Surowiecki, J. The Wisdom Of Crowds. Anchor Books. (2004).
4. Greenwald, A. G. & Banaji, M. R. Implicit social cognition: attitudes,

self-esteem, and stereotypes. Psychol. Rev. 102, 4–27 (1995).
5. Payne, B. K., Vuletich, H. A. & Lundberg, K. B. The Bias of Crowds:

How Implicit Bias Bridges Personal and Systemic Prejudice. Psychol.
Inq. 28, 233–248 (2017).

6. Berger, P. L., & Luckmann, T. The Social Construction of Reality: A
Treatise in the Sociology of Knowledge. Garden City, NY: Doubleday.
(1966).

7. Lave, J., & Wenger, E. Situated Learning: Legitimate Peripheral
Participation. Cambridge University Press. (1991).

https://doi.org/10.1038/s44271-025-00186-w Article

Communications Psychology |             (2025) 3:5 7

https://github.com/ExCaLBBR/ExCaLBBR_Projects/tree/main/SocioenvironmentalGeometry
https://github.com/ExCaLBBR/ExCaLBBR_Projects/tree/main/SocioenvironmentalGeometry
https://github.com/ExCaLBBR/ExCaLBBR_Projects/tree/main/SocioenvironmentalGeometry
https://github.com/ExCaLBBR/ExCaLBBR_Projects/tree/main/SocioenvironmentalGeometry
https://doi.org/10.2307/2695870
https://doi.org/10.2307/2695870
www.nature.com/commspsychol


8. Scheufele, B. (2004). Framing-effects approach: A theoretical and
methodological critique. 29(4), 401–428. https://doi.org/10.1515/
comm.2004.29.4.401 (2004).

9. Iyengar, S., & Kinder, D. R. News that matters: Television and
American opinion. University of Chicago Press (2010).

10. Romer, D. & Jamieson, K. H. Conspiratorial thinking, selective
exposure to conservative media, and response to COVID-19 in the
US. Soc. Sci. Med. 291, 114480 (2021).

11. Darling-Hammond, S. et al. After “The China Virus”Went Viral:
Racially Charged Coronavirus Coverage and Trends in Bias Against
Asian Americans. Health Educ. Behav.: Off. Publ. Soc. Public Health
Educ. 47, 870–879 (2020).

12. Pew Research Center. On Views of Race and Inequality, Blacks and
Whites Are Worlds Apart. Retrieved from https://www.pewresearch.
org/social-trends/2016/06/27/on-views-of-race-and-inequality-
blacks-and-whites-are-worlds-apart/ (2016).

13. Armstrong, K., Ravenell, K. L., McMurphy, S. & Putt, M. Racial/ethnic
differences in physician distrust in the United States. Am. J. Public
Health 97, 1283–1289 (2007).

14. LaVeist, T. A., Nickerson, K. J. & Bowie, J. V. Attitudes about racism,
medical mistrust, and satisfaction with care among African American
and white cardiac patients.Med. Care Res. Rev. 57, 146–161 (2000).

15. Pew Research Center. Americans generally view medical
professionals favorably, but about half consider misconduct a big
problem. Retrieved from https://www.pewresearch.org/science/
2019/08/02/americans-generally-view-medical-professionals-
favorably-but-about-half-consider-misconduct-a-big-problem/
(2019).

16. Pew Research Center. Faith and Religion Among Black Americans.
Retrieved from https://www.pewresearch.org/religion/2021/02/16/
faith-among-black-americans/ (2021).

17. Gilens, M. Race, gender, and partisan politics in the United States.
Proc. Natl Acad. Sci. 120, e2307714120 (2023).

18. Haxby, J. V., Hoffman, E. A. & Gobbini, M. I. The distributed human
neural system for face perception. Trends Cogn. Sci. 4, 223–233
(2000).

19. Kriegeskorte, N., Mur, M., & Bandettini, P. A. Representational
similarity analysis-connecting thebranches of systemsneuroscience.
Front. Syst. Neurosci. 4. https://doi.org/10.3389/neuro.06.004.2008
(2008).

20. Ralph, M. A. L., Jefferies, E., Patterson, K. & Rogers, T. T. The neural
and computational bases of semantic cognition. Nat. Rev. Neurosci.
18, 42–55 (2017).

21. Vargas,R. & Just,M.A.NeuralRepresentationsofAbstractConcepts:
Identifying Underlying Neurosemantic Dimensions.Cereb. Cortex 30,
2157–2166 (2020).

22. Verheyen, S., White, A., & Storms, G. A Comparison of the Spatial
Arrangement Method and the Total-Set Pairwise Rating Method for
Obtaining Similarity Data in the Conceptual Domain. Multivariate
Behavioral Research, 1–28. https://doi.org/10.1080/00273171.2020.
1857216 (2020).

23. Sorscher, B., Ganguli, S. & Sompolinsky, H. Neural representational
geometry underlies few-shot concept learning. Proc. Natl Acad. Sci.
USA 119, e2200800119 (2022).

24. Lin, B. & Kriegeskorte, N. The topology and geometry of neural
representations.Proc.Natl Acad.Sci.USA.121, e2317881121 (2024).

25. DiMaggio, P., Sotoudeh, R., Goldberg, A. & Shepherd, H. Culture out
of attitudes: Relationality, population heterogeneity and attitudes
toward science and religion in the U.S. Poetics 68, 31–51 (2018).

26. Shaver, P., Schwartz, J., Kirson, D. & O’connor, C. Emotion
knowledge: further exploration of a prototype approach. J. Personal.
Soc. Psychol. 52, 1061 (1987).

27. AllSidesMediaBiasRatings™. AllSides Technologies, Inc. https://www.
allsides.com/media-bias/media-bias-ratings. Retrieved May 2023.

28. Preacher, K. J., & Hayes, A. F. Assessingmediation in communication
research (pp. 13-54). London: The Sage sourcebook of advanced
data analysis methods for communication research. (2008).

29. Steyvers, M. & Tenenbaum, J. B. The large-scale structure of
semantic networks: statistical analyses and a model of semantic
growth. Cogn. Sci. 29, 41–78 (2005).

30. Roberts, S. O. &Rizzo,M. T. The psychology of American racism.Am.
Psychologist 76, 475–487 (2021).

31. Schuman, H., Steeh, C., Bobo, L., & Krysan, M. Racial attitudes in
America: Trends and interpretations (rev.). Cambridge, MA: Harvard
University Press. (1997).

32. Bobo, L. D.,Charles, C. Z., Krysan,M., Simmons, A. D., &Fredrickson,
G.M. The real record on racial attitudes. Social trends in American life:
Findings from the general social survey since 1972, 38–83 (2012).

33. Plant, E. A. & Peruche, B. M. The consequences of race for police
officers’ responses to criminal suspects. Psychol. Sci. 16, 180–183
(2005).

34. Edwards, F., Lee,H. &Esposito,M.Riskof being killedbypoliceuseof
force in the United States by age, race–ethnicity, and sex. Proc. Natl
Acad. Sci. 116, 16793–16798 (2019).

35. van Ryn, M. et al. The impact of racism on clinician cognition,
behavior, and clinical decision making. Du Bois Rev.: Soc. Sci. Res.
Race 8, 199–218 (2011).

36. Keele, L., Cubbison, W. & White, I. Suppressing Black Votes: A
Historical CaseStudyof VotingRestrictions in Louisiana.Am.Political
Sci. Rev. 115, 694–700 (2021).

37. McQuail D. McQuail’s Mass Communication Theory. London: Sage
(2010).

38. Harwood, J. Age identification, social identity gratifications, and
television viewing. J. Broadcasting Electron. Media 43, 123–136
(1999).

39. Knobloch-Westerwick S. Choice and Preference in Media Use. New
York: Routledge (2015).

40. Ekstrom, P. D. & Lai, C. K. The Selective Communication of Political
Information. Soc. Psychological Personal. Sci. 12, 789–900 (2021).

41. eMarketer. Time spent per day with digital versus traditional media in
the United States from 2011 to 2025 (in minutes) [Graph]. In Statista.
Retrieved September 13, 2023, from https://www-statista-com.cmu.
idm.oclc.org/statistics/565628/time-spent-digital-traditional-media-
usa/ (2023).

42. Pew Research Center. News Platform Fact Sheet. Retrieved from
https://www.pewresearch.org/journalism/fact-sheet/news-platform-
fact-sheet/ (2023).

43. Bartels, L. M. Partisanship in the Trump Era. J. Politics 80, 1483–1494
(2018).

44. Lang, A. The Limited Capacity Model of Mediated Message
Processing. J. Commun. 50, 46–70 (2006).

45. Valkenburg, P.M., Peter, J. &Walther, J. B.Media Effects: Theory and
Research. Annu. Rev. Psychol. 67, 315–338 (2016).

46. Cikara, M., Martinez, J. E. & Lewis, N. A. Jr Moving beyond social
categories by incorporating context in social psychological theory.
Nat. Rev. Psychol. 1, 537–549 (2022).

47. Fowler, C., Jiao, J. & Pitts, M. Frustration and ennui among Amazon
MTurk workers. Behav. Res. Methods 55, 3009–3025 (2023).

48. Pew Research Center. Turkers in this canvassing: young, well-
educated and frequent users. Retrieved from https://www.
pewresearch.org/internet/2016/07/11/turkers-in-this-canvassing-
young-well-educated-and-frequent-users/ (2016).

49. Clifford, S., Jewell, R. M. & Waggoner, P. D. Are samples drawn from
Mechanical Turk valid for research on political ideology? Res. Politics
2, 2053168015622072 (2015).

50. Douglas, B. D., Ewell, P. J. & Brauer, M. Data quality in online human-
subjects research: Comparisons between MTurk, Prolific,
CloudResearch,Qualtrics, andSONA.PloSOne18, e0279720 (2023).

https://doi.org/10.1038/s44271-025-00186-w Article

Communications Psychology |             (2025) 3:5 8

https://doi.org/10.1515/comm.2004.29.4.401
https://doi.org/10.1515/comm.2004.29.4.401
https://doi.org/10.1515/comm.2004.29.4.401
https://www.pewresearch.org/social-trends/2016/06/27/on-views-of-race-and-inequality-blacks-and-whites-are-worlds-apart/
https://www.pewresearch.org/social-trends/2016/06/27/on-views-of-race-and-inequality-blacks-and-whites-are-worlds-apart/
https://www.pewresearch.org/social-trends/2016/06/27/on-views-of-race-and-inequality-blacks-and-whites-are-worlds-apart/
https://www.pewresearch.org/social-trends/2016/06/27/on-views-of-race-and-inequality-blacks-and-whites-are-worlds-apart/
https://www.pewresearch.org/science/2019/08/02/americans-generally-view-medical-professionals-favorably-but-about-half-consider-misconduct-a-big-problem/
https://www.pewresearch.org/science/2019/08/02/americans-generally-view-medical-professionals-favorably-but-about-half-consider-misconduct-a-big-problem/
https://www.pewresearch.org/science/2019/08/02/americans-generally-view-medical-professionals-favorably-but-about-half-consider-misconduct-a-big-problem/
https://www.pewresearch.org/science/2019/08/02/americans-generally-view-medical-professionals-favorably-but-about-half-consider-misconduct-a-big-problem/
https://www.pewresearch.org/religion/2021/02/16/faith-among-black-americans/
https://www.pewresearch.org/religion/2021/02/16/faith-among-black-americans/
https://www.pewresearch.org/religion/2021/02/16/faith-among-black-americans/
https://doi.org/10.3389/neuro.06.004.2008
https://doi.org/10.3389/neuro.06.004.2008
https://doi.org/10.1080/00273171.2020.1857216
https://doi.org/10.1080/00273171.2020.1857216
https://doi.org/10.1080/00273171.2020.1857216
https://www.allsides.com/media-bias/media-bias-ratings
https://www.allsides.com/media-bias/media-bias-ratings
https://www.allsides.com/media-bias/media-bias-ratings
https://www-statista-com.cmu.idm.oclc.org/statistics/565628/time-spent-digital-traditional-media-usa/
https://www-statista-com.cmu.idm.oclc.org/statistics/565628/time-spent-digital-traditional-media-usa/
https://www-statista-com.cmu.idm.oclc.org/statistics/565628/time-spent-digital-traditional-media-usa/
https://www-statista-com.cmu.idm.oclc.org/statistics/565628/time-spent-digital-traditional-media-usa/
https://www.pewresearch.org/journalism/fact-sheet/news-platform-fact-sheet/
https://www.pewresearch.org/journalism/fact-sheet/news-platform-fact-sheet/
https://www.pewresearch.org/journalism/fact-sheet/news-platform-fact-sheet/
https://www.pewresearch.org/internet/2016/07/11/turkers-in-this-canvassing-young-well-educated-and-frequent-users/
https://www.pewresearch.org/internet/2016/07/11/turkers-in-this-canvassing-young-well-educated-and-frequent-users/
https://www.pewresearch.org/internet/2016/07/11/turkers-in-this-canvassing-young-well-educated-and-frequent-users/
https://www.pewresearch.org/internet/2016/07/11/turkers-in-this-canvassing-young-well-educated-and-frequent-users/
www.nature.com/commspsychol


Acknowledgements
The authors would like to thank Jayln Wiliams, Dr. Kevin Jarbo, Dr. Cassie
Eng, Dr. Sylvia Perry, and the CoAx lab for guidance and mentorship. This
project was funded through the Presidential Postdoctoral Fellowship
programatCarnegieMellonUniversityandbyAFOSR/AFRLawardFA9550-
18-1-0251. The funders had no role in study design, data collection and
analysis, decision to publish or preparation of the manuscript.

Author contributions
R.V. contributed to the study conceptualization, study design, data
collection, data management, analysis conceptualization, analysis
implementation, result visualization, and writing. T.V. contributed to the
study design, analysis conceptualization, writing, supervision, and funding
acquisition.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s44271-025-00186-w.

Correspondence and requests for materials should be addressed to
Roberto Vargas.

Peer review information Communications Psychology thanks Steven
Verheyen and the other, anonymous, reviewer(s) for their contribution to the
peer review of this work. Primary Handling Editors: Yafeng Pan and Jennifer
Bellingtier. A peer review file is available.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article’sCreativeCommons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

https://doi.org/10.1038/s44271-025-00186-w Article

Communications Psychology |             (2025) 3:5 9

https://doi.org/10.1038/s44271-025-00186-w
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
www.nature.com/commspsychol

	Informational ecosystems partially explain differences in socioenvironmental conceptual associations between U.S. American racial groups
	Methods
	Participants
	Experimental procedure
	Data analysis
	Reporting summary

	Results
	Understanding concept graphs from individual ratings
	Differences in concept geometry across racial identities
	News bias is associated with greater uncertainty
	News bias mediates identity-based associations

	Discussion
	Limitations
	Conclusions

	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




