TICS 2451 No. of Pages 14

Trends in
Cognitive Sciences

¢? CellPress

A 3D framework of implicit attitude change
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According to early theories, implicit (automatic) social attitudes are difficult if not
impossible to change. Although this view has recently been challenged by re-
search relying on experimental, developmental, and cultural approaches, rele-
vant work remains siloed across research communities. As such, the time is
ripe to systematize and integrate disparate (and seemingly contradictory) find-
ings and to identify gaps in existing knowledge. To this end, we introduce a 3D
framework classifying research on implicit attitude change by levels of analysis
(individual vs. collective), sources of change (experimental, ontogenetic, and cul-
tural), and timescales (short term vs. long term). This 3D framework highlights
where evidence for implicit attitude change is more versus less well established
and pinpoints directions for future research, including at the intersection of
fields.

From impossible to potentially tractable: a brief history of implicit attitude change
Since the 1980s, a simple but consequential idea has defined much social cognition (see
Glossary) research [1-4]: When humans encounter social targets (whether individuals or groups
of people), information stored in long-term memory about these social targets can be activated
relatively automatically, and specifically in the absence of (or even contrary to) the person’s in-
tention to do so [5] (for alternative conceptualizations, see [6,7]). Customarily measured using in-
direct procedures, such as sequential priming [2,8], the Implicit Association Test [9], the Affect
Misattribution Procedure [10], and their variations, implicit attitudes have been shown to play
a unique role in how we evaluate and relate to our social environments. In particular, implicit atti-
tudes affect how we treat and make decisions about others belonging to social categories such
as age, gender, race, and sexual orientation [11], although to what degree and under what con-
ditions remains a topic of inquiry [12,13].

Inspired by contemporaneous models of semantic memory [14], early theories of implicit social
cognition posited that, once acquired, implicit attitudes are fundamentally unchangeable [15],
or at least that change in implicit attitudes would require exposure to massive amounts of
counter-attitudinal information unlikely to be experienced even over a lifetime, let alone over
short periods of time [15-18]. One consequence of this pessimistic view about implicit attitude
change was that few, if any, studies directly addressed the possibility of genuine change in implicit
attitudes. However, even at this early stage of research, it was understood that implicit attitudes

Highlights

We introduce a 3D framework —
consisting of levels of analysis (individual
vs. collective); sources of change (exper-
imental, ontogenetic, and cultural); and
timescales (short vs. long term) — to sys-
tematize and integrate complementary
but previously siloed lines of research
on implicit attitude change.

Contrary to early theories, the evidence is
clear that implicit attitudes can change,
both at the level of individuals and collec-
tives, and both in the short and long
term.

Using the 3D framework, we identify crit-
ical gaps in existing knowledge, espe-
cially in areas that cross traditional field
boundaries and methodological ap-
proaches, such as the study of long-
term change at the individual level and
short-term change at the collective level.

A central priority will be to understand the
role of person-by-situation interactions in
producing long-term change within indi-
viduals.

We highlight methods that may help
bridge across dimensions of the 3D
framework, such as agent-based model-
ing and network science.

'Department of Psychology, Yale

University, New Haven, CT 06511, USA
2Department of Psychology, Harvard
University, Cambridge, MA 02138, USA
3Department of Psychology, University
of Toronto, Toronto, ON, Canada, M5S
3G3

“http://www.benedekkurdi.com/

can be temporarily modulated by environmental cues, such as the presence of an experimenter
with a stigmatized social identity or the prospect of interacting with someone from a stigmatized
group [19]. These early studies are distinct from more recent research reviewed below in
that these temporary contextual modulations do not involve providing direct attitude-relevant
evaluative information to participants and, as such, are unlikely to be creating new evaluative
representations — a hallmark of genuine attitude change.

Over the past decade, the view about the (near) impossibility of change in implicit social
attitudes has shifted considerably in response to a wealth of experimental evidence obtained
from adult participants [20-24]. Even more important, although early theories were
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formulated exclusively on the basis of experimental studies measuring short-term malleability
in adults, the relevant evidence base has since grown rapidly and in new directions: research
on implicit attitudes now encompasses investigations of change over ontogeny [25], at
the level of collectives rather than only individuals [26-28], and over cultural timeframes of
decades and even centuries [29,30]. These developments have been jointly enabled by
conceptual advances, such as the introduction of the bias of crowds framework [27], and
methodological advances, such as the availability of implicit attitude tests from millions of par-
ticipants [31-33].

Research on implicit attitude change has now proliferated to such a degree and takes ap-
proaches of such methodological diversity (from developmental psychology to computer science
to sociology) that little sharing of methods and findings across different research traditions exists.
This state of affairs is unfortunate because, at their core, these diverse research perspectives
seek to answer the same underlying question: are implicit attitudes capable of changing, and if
S0, in response to what type(s) of input and via what type(s) of process?

Although the motivating question is the same, so far there have been few if any attempts at integration
across approaches, despite their potential to mutually inform and constrain one another. The main
goal of this review is to provide such integrative insights into implicit attitude change. To this end,
we introduce a 3D framework, which offers conceptual scaffolding to systematize existing findings;
identifies commonalities and points of convergence across different approaches; and, most impor-
tant, highlights key areas that have remained unaddressed or under-addressed in empirical work.

Introducing the 3D framework

The diversity of approaches taken across currently siloed subfields necessitates a conceptual
framework from which to understand, organize, and productively integrate the wealth of research
on implicit attitude change. We propose three intersecting axes along which to systematize
existing findings, uncover gaps in currently available evidence, and identify potential points of syn-
ergy across perspectives and methodologies.

The first axis in the 3D framework (Figure 1) represents level of analysis, which can take on two
values: individual or collective level. The former considers implicit attitude change within a single
person, whereas the latter considers implicit attitude change in groups or aggregates of people
(such as organizations, geographic regions, or countries).

The second axis represents sources of attitude change, which can take on three values: experimental
(defined as implicit attitude change taking place in response to a controlled intervention); ontogenetic
(defined as taking place over the course of an individual's development); and cultural (defined as tak-
ing place in response to processes unfolding or events occurring at the macrolevel of societies). Ex-
perimental change is controlled and exogenously administered to allow for causal inference but can
lack generalizability; by contrast, ontogenetic and cultural change unfold naturally and, therefore, have
the benefit of ecological validity, paired with the drawback of less clear-cut causal inferences.

Finally, the third axis represents timescale of change, which can take on two values: short and long
term. We intentionally do not identify a cutoff that separates short-term from long-term change be-
cause the specific length of time denoted by these terms depends, to a large extent, on the level of
analysis and source of change. Instead, we define short-term as encompassing instances of transient
malleability, such as those occurring over a single experimental session or as a temporary disruption
in response to a short-term cultural shock. Long-term change, by contrast, encompasses instances
of enduring transformation, such as those identified through repeated measurement of individuals or
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Glossary

Aging effects: processes of attitude
change reflecting age-related shifts
within individuals.
Approach-avoidance training: a
procedure designed to change attitudes
by having participants (symbolically)
move closer to or away from social
targets.

Associative processes: leaming
processes reflecting only the fact that
two stimuli co-occur and the number of
co-occurrences (but not how they are
related to each other).

Attitudes: evaluations of social targets
along a positive-negative continuum.
Automaticity: the extent to which a
cognitive process is characterized by
lack of awareness, lack of intention,
efficiency, and lack of controllability.
Cohort effects: differences in mean-
level attitudes across populations born
at particular times, reflecting unique
cultural inputs characterizing those
cohorts.

Cohort replacement: processes of
mean-level attitude change reflecting the
replacement of older generations with
younger generations.

Cross-sectional design: research
designs relying on comparing multiple
groups at one timepoint.
Diagnosticity: the extent to which
information reveals a social target’s deep
underlying character.

Difference in differences: a statistical
technique used for causal inference in
observational data, capitalizing on
differences across both time and a
second factor (e.g., geography) that
determines exposure to a cultural source
of change.

Evaluative conditioning: a procedure
to create attitude change by repeated
pairings of social targets with intrinsically
positive and negative stimuli.
Exogenous: a variable whose value
does not depend on other variables in
the model.

Implicit: automatically revealed (as
opposed to explicit or controlled).
Longitudinal design: research
designs relying on measuring the same
individuals repeatedly across time.
Natural language processing (NLP):
a set of machine learing methods used
to analyze large amounts of text data.
Network science: a discipline in which
social phenomena are modeled as
nodes of a network that are connected
to each other via edges.
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Figure 1. Dimensions of implicit attitude change in the 3D framework. The dimensions include levels of analysis
(individual vs. collective); sources of change (experimental, ontogenetic, and cultural); and timescales (short vs. long term).

Cultural

collectives across extended periods. We note that this axis of the framework refers to the duration of
attitude change rather than the duration of the intervention giving rise to it; whether the duration of
change is necessarily commensurate with the duration of interventions remains an important open
question.

Importantly, the three axes corresponding to levels of analysis, sources of change, and time-
scales are represented orthogonally, in line with our belief that the three features should be treated
as independent of each other (Figure 1). As such, the 3D framework gives rise to a taxonomy of
12 clusters of studies (Figure 2, Key figure); some of which have been widely explored, and others
of which are virtually unpopulated. We next review each of these individual clusters, defined by
their placement along the three axes of the 3D framework.

Evidence on implicit attitude change: twelve clusters of research

Within each cluster emerging from the 3D framework, we provide a brief review of existing evidence
and identify opportunities for future work. We start with the individual level of analysis, moving from
experimental to ontogenetic to cultural sources of change, first discussing short-term and then

¢? CellPress

Ontogeny: natural development of
individuals over their lifespan.

Period effects: processes of change
reflecting shared cultural effects,
consistent across all age groups and
cohorts.

Propositional processes: learing
processes reflecting how stimuli are
related to each other (e.g., a drug may
cause or prevent symptoms, or a social
group may oppress or be oppressed by
another group).

Quadruple process model: a formal
model in which responses on implicit
attitude measures are posited to emerge
from four cognitive processes.
Reinforcement learning: a set of
algorithms designed to maximize
cumulative reward over time.
Reinterpretation: attitude change
emerging from reconsidering the
evaluative implications of already known
information.

Social cognition: the study of how
humans think about, evaluate, and relate
to other humans, both as individuals and
as members of social groups.
Test-retest reliability: an index of a
measure’s consistency over time,
obtained by administering it to the same
individuals on multiple occasions.
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Key Figure. Evidence for implicit attitude change across clusters of the 3D framework

Sources of change
Induced Naturally occurring
Experimental Ontogenetic Cultural
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change change change change change change
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Little
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empirical
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Individual No empirical available
targets moderate No empirical
work
test-retest work available
Inputs and available Available
reliability
processes not work shows
well evidence for
Levels of
understood change
analysis
Short-term Long-term Short-term Long-term Short-term Long-term
change change change change change change
Little
Strong
empirical
evidence for
work
Collective No empirical Some change
No empirical available
work evidence for
work available Available Inputs and
available change
work shows processes not
evidence for well
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Trends in Cognitive Sciences

Figure 2. The 3D framework of implicit attitude change — consisting of levels of analysis (individual vs. collective); sources of change (experimental, ontogenetic, and
cultural); and timescales (short vs. long term) — results in 12 clusters, which can be used to systematize existing empirical work and to identify gaps in current
knowledge. Green background denotes evidence for implicit attitude change; red background denotes evidence for lack of implicit attitude change; and yellow
background denotes lack of empirical evidence or unresolved questions.
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long-term change within each source. The collective level of analysis comes second and mirrors the
same organization. Key takeaways from each cluster are summarized in Figure 2.

Individual level of analysis

Short-term experimental change

At the individual level of analysis, the bulk of relevant studies have focused on experimentally in-
duced short-term malleability in implicit attitudes. Early theories [15—-18] posited that once acquired,
an individual’s implicit attitudes should be resistant to the effects of counter-attitudinal information.
Contrary to this view, a wealth of evidence now demonstrates that implicit attitudes are, in fact, mal-
leable in response to a wide range of inputs [34], including approach—avoidance training [35],
diagnostic behavioral information [36-38], evaluative conditioning [39], changes in goals
[40], and the reinterpretation of old information [41,42]. Going forward, both translational and
theoretically focused work would benefit from more effectively systematizing the types of input
that are more or less effective at inducing malleability in implicit attitudes.

Additionally, the processes mediating such malleability remain relatively poorly understood. To
date, the dominant theoretical distinction [21,22,43] has been that between associative and prop-
ositional processes (Box 1). Specifically, early theories posited that implicit attitudes are uniquely
malleable via associative processes (reflecting, e.g., co-occurrences of Black individuals with vi-
olence), to the exclusion of propositional processes (reflecting, e.g., relational information about
Black individuals being perpetrators vs. victims of violence). Although this distinction has produced
a sizable body of empirical work [44], it faces major conceptual and empirical challenges, including
the fact that relevant theories are not easily falsifiable.

To facilitate falsifiable predictions, a small but growing number of projects have applied compu-
tational modeling tools, including the quadruple process model [45,46] and reinforcement

Box 1. Associative—propositional debate

The dominant memory models of the 1970s represented semantic knowledge as connections between nodes in large-
scale conceptual networks [14]. Such connections, in turn, were thought to be strengthened via co-occurrences of the
corresponding stimuli. For example, it was assumed that if bread and butter frequently co-occur in the world, then the con-
cepts bread and butter will share a strong connection in long-term memory. Conceptual relatedness was measured using
sequential priming procedures, under the assumption that response latencies in the processing of a target (e.g., ‘bread’)
following a prime (e.g., ‘butter’) are reflective of the strength of semantic connection between the two [107,108].

When implicit social cognition emerged in the 1980s, the same methods and theoretical assumptions were used to study
the organization of social information in long-term memory [1,2,109], including attitudes (e.g., Black—-good or White—bad)
and stereotypes (e.g., Asian-competent or female-warm). Critically, implicit attitudes were assumed to be represented as-
sociatively in the mind (e.g., Black—good), and such semantic associations were thought to shift only very slowly, if at all,
and only in response to vast amounts of associative experience [15-18].

This view remained virtually unchallenged until propositional accounts were introduced in the mid-2010s [21,22,104].
These accounts posit that, instead of associative representations, implicit attitudes are mediated by automatically retrieved
propositions (e.g., ‘Black people are good’), which reflect not only long-term co-occurrences of stimuli in the environment
but also how stimuli are related to each other. For example, on the associative view, a drug that prevents an illness should
be subject to implicit negativity because illnesses are negative in valence; on the propositional view, however, the drug
should become positive because something that prevents negative events is usually inferred to be positive.

On balance, meta-analytic evidence favors the propositional view [44], with implicit attitudes often showing flexible
updating, including in response to how stimuli are related to each other (e.g., a drug causing vs. preventing an illness).
However, important questions remain underexplored, including the following. Can temporary malleability in implicit atti-
tudes induced by propositional influences translate into enduring change? Do propositional influences generalize to real
group targets (e.g., race and gender), or are they confined to novel targets? And, finally, do propositional influences
emerge under the relatively noisy conditions of the real world, or only in carefully controlled experimental studies where par-
ticipants are motivated and able to attend to all relevant information?
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learning algorithms [47,48], which can mathematically formalize the cognitive mechanisms and
processes underlying implicit attitude change. Computational approaches are set to further in-
crease in importance given that future research will require precise, computationally tractable hy-
potheses about how individual-level learning processes may ultimately give rise to emergent
change at the collective level of analysis (see below).

Long-term experimental change

Compared with the wealth of evidence on short-term, experimentally induced change within indi-
viduals, there is a surprising dearth of empirical work on whether such changes persist over lon-
ger periods of time. Long-term change is of interest for theoretical reasons. It can reveal whether
change represents working memory-dependent processes of transient malleability or, instead,
the formation of new evaluative representations in long-term memory. Additionally, whether ex-
perimentally induced change is durable has obvious relevance to translationally oriented interven-
tion work aimed at alleviating pernicious social group-based biases [49)].

A crucial distinction in this cluster can be drawn between studies using novel targets (fictitious
groups, such as Laapians and Niffians [50]) versus real group targets (differing along race, gen-
der, and other preexisting social categories). Studies using novel targets have produced solid ev-
idence for the persistence of experimentally induced changes in implicit attitudes over hours [51],
days [52,583], and even weeks [54]. However, no convincing parallel evidence exists for real group
targets [55,56]. Given this empirical dissociation, a major challenge going forward will be to bridge
the gap between studies of novel and real group targets (for more details, see Box 2).

Short-term ontogenetic change
In line with the experimental work reviewed above, studies of short-term ontogenetic individual
change (i.e., naturally occurring, transient changes within individuals measured over delays ranging

Box 2. Implicit attitude change in studies of fictitious and real targets

Given an interest in internally valid inferences about mechanisms of learning and memaory, theoretically oriented social cog-
nition work often uses novel targets, including groups such as Laapians and Niffians [50], individuals such as Bob or
Francis West [36,42], and even nonsocial stimuli such as nonwords [110], to study implicit attitude change. By contrast,
translationally oriented intervention work tends to rely on real group targets, differing along dimensions such as race or
gender [34,56], with a focus on effectiveness rather than cognitive mechanisms.

This disconnect is visible in the fact that although much has been learned about inputs to individual-level malleability in im-
plicit attitudes [44], it is unclear whether such insights generalize to real-world targets. Conversely, although debiasing-fo-
cused work has made important inroads when it comes to establishing intervention effectiveness [34,56], it remains to be
seen why certain interventions are more effective than others. Importantly, novel and real-world stimuli cannot be automat-
ically assumed to be interchangeable with each other [44,111,112].

Perhaps the most important opportunity for synergy between theoretically oriented and debiasing-focused work exists in
understanding why short-term malleability in implicit attitudes toward preexisting social targets (race, gender, and other
social categories) does not usually translate into enduring, long-term change [55,56]. In line with traditional associative ap-
proaches [15-18], one possibility is that changes observed in studies of novel targets [51-54] reflect priming-like pro-
cesses that persist only as long as information is maintained in working memory. Another important, and currently
underexplored, possibility is that, although implicit attitudes are capable of long-term change, such change can be
undermined when perceivers encounter reminders of old, negative information in their daily lives.

Preliminary evidence for the latter possibility was provided in a set of studies [102] in which experimentally created implicit
negativity toward a novel target was seemingly overturned using diagnostic behavioral information. Although the effects of
positive counter-attitudinal information were undiminished following a 48-h delay, initial negativity returned with full force
when a mild reminder (in the form of evaluative conditioning) was administered to participants at the second timepoint.
These studies suggest that although implicit attitude change can endure in an information vacuum, it can be vulnerable
to reminders of the initial, negative information. Using these insights to help produce enduring change in implicit attitudes
toward real social group targets remains an important priority for future work.
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from a few minutes or hours to a year) usually suggest both some degree of stability and some degree
of malleability in implicit attitudes. Meta-analytic estimates of test-retest reliability, which provide an
indicator of how much a single individual naturally shifts in their implicit attitudes across close
timepoints, range from r = 0.44 [57] to r = 0.54 [58]. These moderate correlations imply that the
rank ordering of participants’ implicit attitudes is not fully consistent but also not fully unpredictable
across measurement occasions; in other words, short-term ontogenetic changes may occur but,
at most, to a moderate degree. Indeed, Bayesian computational modeling can yield considerably
higher estimates of within-individual temporal stability [59,60], suggesting that the meta-analytic
test—retest results above may represent the lower bounds of the relevant population parameter.

Critically, it is currently unknown to what extent imperfect test-retest reliability is due to measure-
ment error or to systematic variance due to the immediate context in which the implicit attitude
measure is being administered. In line with the first possibility, implicit attitude measures tend
to be more noisy than parallel explicit attitude measures even at a single time point [61]. On the
other hand, given ample evidence for experimentally induced malleability in implicit attitudes
(see above), the possibility of context-dependent changes also seems reasonable and should re-
ceive attention in empirical and conceptual work.

Long-term ontogenetic change

To date, the longest delay at which the test-retest reliability of implicit attitude measures has been
investigated is one year — a far cry from humans’ average life expectancy of 73 years. Whether
enduring, long-term individual-level ontogenetic change in implicit attitudes is possible could be
revealed using intensive, massively longitudinal designs. However, such studies are yet to be
undertaken, in large part due to their resource requirements.

The lack of evidence from longitudinal studies has led to an overreliance on cross-sectional
designs in the study of the development of implicit attitudes. However, such work is a better
source of evidence on aggregate (collective) change than on individual-level change [62], described
below. Also missing from the literature are studies that measure the same individuals across multiple
occasions while also systematically manipulating the context (e.g., the information to which a person
has just been exposed). This type of design could provide crucial insights into whether the imperfect
test-retest reliability mentioned above reflects measurement error or systematic, situation-specific
variance in implicit attitudes.

Short-term cultural change

The culture in which an individual is embedded, even temporarily, can exert powerful effects on
the way in which they relate to others in their social environment. In line with this idea, a handful
of studies have demonstrated the effects of language (a central cue to culture) on shifting individ-
uals’ implicit attitudes [63,64]. For instance, bilingual participants randomly assigned to complete
an Implicit Association Test in Spanish showed stronger pro-Spanish implicit attitudes, while
participants assigned to complete the same test in English showed stronger pro-English implicit
attitudes.

Moving beyond the single feature of language, a recent study has additionally demonstrated small
shifts in implicit attitudes depending on the physical location of test taking — respondents’
college town of Montreal versus their respective hometowns [65]. However, the number of stud-
ies in this cluster remains small, with much work to be done on several, currently unexplored, as-
pects of culture that could exert effects on implicit attitudes, including norms, rituals, values, and
features of the physical environment [66]. This area is ripe for future theoretical and empirical
exploration.
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Long-term cultural change

No studies have examined long-term individual-level implicit attitude change induced by cultural
events and exposures. This is a major oversight given that the contexts in which humans are embed-
ded are known to exert major long-term effects on virtually every area of psychological functioning
[67]. When it comes to methods for studying the long-term effects of culture on individual minds, re-
searchers could look to adjacent social sciences where strong methods already exist for identifying
enduring cultural influences on the person (e.g., sociology and economics). For instance, studies
might track individuals who move from one location to another to examine whether their attitudes re-
flect their early or more recent culture [66,68] and to study the temporal dynamics and processes of
acculturation.

Collective level of analysis

Short-term experimental change

This cluster of research would include any study in which an experimental intervention (e.g., a
counter-attitudinal messaging campaign) is administered to an environment (such as a company,
atown, or a school), with an assessment of short-term (transient) changes in aggregate attitudes
among groups of individuals. At present, no studies using this type of design exist.

One study [69] investigated how the implicit attitudes of a collective (namely, a university) changed
following a short-term experimental intervention, with the data suggesting that collectives had
highly stable aggregate attitudes. However, the interventions considered in this study were ad-
ministered to individual participants within each university. It remains an open question whether
interventions directly administered at the collective level may produce different patterns of mallea-
bility in aggregate-level implicit attitudes.

To propel future inquiries, researchers might adopt tools from network science that can examine
how intervening on a system (e.g., by introducing a dissenting minority group) can produce short-
term changes throughout the collective [70,71]. Additionally, agent-based modeling [72] would en-
able researchers to first simulate patterns of malleability in a collective’s implicit attitudes based on for-
malized hypotheses about processes of change and then compare such simulations to empirical
observations.

Long-term experimental change

Interventions can also have enduring effects on a collective’s aggregate attitudes. However, at pres-
ent, no research in this cluster exists. This lack of evidence is likely due to the methodological and lo-
gistic complexities associated with long-term tracking of cross-sections of participants in
environments that received controlled interventions. Future studies could examing, for example,
how an organizational policy (such as an initiative to blind resumes during the hiring process) affects
employees’ aggregate implicit attitudes in that organization across years. Additionally, similar to the
previous cluster, network science and agent-based modeling will be helpful in formalizing hypotheses
about potential ripple effects of experimental interventions across collectives over the long term.

Short-term ontogenetic change

The central question defining this cluster is whether shared stages in the lifespan (e.g., life events such
as starting school or becoming a parent) can prompt temporary changes in the strength of a group’s
collective implicit attitudes. Such effects would be revealed by naturally occurring differences in implicit
attitudes in cross-sections of successive age groups (e.g., 5- vs 6-year-olds). Indeed, at least one
study suggests the possibility of such cross-sectional malleability [73]. However, most relevant
work has revealed either that little collective ontogenetic change in implicit attitudes exists, with
most age groups revealing similar mean levels (see below), or that ontogenetic changes are
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monotonic, with enduring age-related shifts [73-75]. In short, there appears to be only rare evidence
of short-term ontogenetic shifts in collective-level (cross-sectional) implicit attitudes.

Long-term ontogenetic change

In this cluster, the timescale is expanded to consider mean differences across groups with larger age
differences between them. For example, relevant research may compare 6-10-year-olds and adults
residing in the same community [76]. As mentioned above, most of the pertinent work has shown
evidence of surprising stability, with younger children, older children, and adults all revealing similar av-
erage magnitudes in their implicit attitudes [76-80]. At the same time, such conclusions are not ubig-
uitous, with cross-sectional age-related differences documented in at least a handful of cases [81,82].

Given an almost total lack of evidence on long-term ontogenetic changes in implicit attitudes at the
individual level (see above), cross-sectional data are often used to make arguments about develop-
mental processes. However, even a (nonubiquitous) pattern of cross-sectional stability across age
groups need not imply stability of implicit attitudes at the individual level. Rather, the similarity be-
tween children and adults may be because they are assessed in the same cultural moment and
thus reflect similar average cultural experiences [62]. In addition, similar mean levels in implicit atti-
tudes may mask differences in the processes giving rise to such attitudes, for example as domain-
general abilities, such as executive function, change across the lifespan [83].

Future research on collective ontogenetic changes would benefit from statistical modeling approaches
that seek to partial out aging effects, which reflect individual-level processes of change, from cohort
effects and period effects, which reflect differences in cultural experiences [84]. Additionally, future
work could expand the scope of inquiry from comparisons of mean-level implicit attitudes across age
groups to considering other features of attitudes that may differ across ontogeny, including age-related
differences in the processes of attitude formation and responsiveness to interventions (Box 3).

Box 3. Interactions across dimensions of the 3D framework

Most research on implicit attitude change uses a single method to focus on one level of analysis, one timescale, and one
source of change in implicit social attitudes and thus can be neatly assigned to one of the 12 clusters of the 3D framework
(see Figure 2 in main text). However, there is much promise in considering the interactions of dimensions, especially how
results obtained at one level of analysis (e.g., collective) can constrain the interpretation of results at another level of analysis
(e.g., individual). Although examples of this approach are rare, here we consider two types of studies that provide inroads.

First, a handful of studies have examined the intersection of collective-level ontogenetic differences with individual-level ex-
perimentally induced changes by administering the same experimental manipulation designed either to change existing at-
titudes [113,114] or to create new attitudes [115,116] to separate samples of children and adults. In general, such studies
have provided evidence for cross-level interactions such that the same individual-level experimental intervention may be
effective only at some ontogenetic stages but not at others. Specifically, children typically show more limited evidence
of implicit attitude formation and change than adults do. For example, children require more verbal scaffolding for success-
ful observational learning (e.g., via evaluative conditioning) and appear to form attitudes only with clear relational informa-
tion linking social groups to evaluative attributes [116]. Future cross-level work may examine differences in individual-level
intervention effectiveness across collectives going beyond age, including cultural backgrounds (such as racial diversity in
one’s community) and individual-level demographics (such as political ideology).

Second, future research may benefit from asking how collective-level implicit attitude change can emerge from individual-level
processes in complex ways that go beyond mere aggregation or summation. Here, agent-based modeling can provide new
grounds for discovery. This approach consists of two steps. First, researchers formally specify how individuals (agents) interact
with each other and how such interactions give rise to attitude change. Second, they conduct simulations to observe collective-
level outcomes following vast numbers of interactions [72]. Agent-based modeling research on explicit (intentional and easily
observable) attitudes has started to explore how individual-level processes of social influence can create collective behaviors,
such as attitude-based segregation [117], attitude tipping points [70,118], and differences across individualistic versus collec-
tivistic cultures in the speed of change [119]. Going forward, implicit social cognition research should consider how similar pro-
cesses may unfold when attitudes are specified to be less intentionally activated or less easily observable among agents.
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Short-term cultural change

Research in this cluster probes how a collective’s implicit attitudes may shift in the short-term fol-
lowing external shocks. For example, studies have shown that aggregate implicit race attitudes in
the United States decreased around Black Lives Matter protests [85,86] and implicit body weight
attitudes temporarily increased around fat-shaming tweets [87]. Similar short-term inflection
points in regional implicit attitudes have been observed around election-related rhetoric [88],
the early coronavirus disease 2019 (COVID-19) pandemic [89], and marriage equality legislation
[90]. Finally, using new language-based methods to indirectly measure social group representa-
tions, research has shown how language-based biases in an organization’s communications
shifted following the appointment of new female leaders [91].

The unprecedented availability of big data — both from archives of aggregated attitude measures
and from archives of collective natural language — has newly expanded this area of inquiry. How-
ever, collective-level causal inference about the impact of an event on an attitude trajectory re-
mains relatively new to the cognitive sciences. As such, going forward, tools from sociology
and political science will be helpful in moving from purely correlational designs toward methods
that can help establish plausible causal influences (e.g., using difference-in-difference
methods) [92].

Long-term cultural change

A collective’s implicit attitudes can also change in enduring ways. For example, implicit pro-
straight/anti-gay attitudes in the USA have decreased by as much as 65% over 14 years (from
2007 to 2020), with slower change observed in implicit race and skin-tone attitudes, and stability
in body weight, disability, and age attitudes [30,88,93-97]. These results suggest that inputs to
cultural change may affect some attitude domains more strongly than others. Additionally,
long-term cultural change, when it occurs, seems widespread across demographic groups
and places, implying that such change likely arises from interventions directed toward the
broadest macrolevel of society, for example, changes in the media representation of lesbian,
gay, and bisexual (LGB) individuals [98].

A potential methodological limitation of work in this cluster is that relevant findings have been ob-
tained using nonrepresentative samples. However, such concerns should be allayed by data
showing similar trends across these nonrepresentative data and representative surveys, the pos-
sibility to re-weight data to approximate census demographics [30], and evidence of relationships
between implicit attitudes and meaningful real-world outcomes [28].

Additionally, within this cluster of research, we also place the emerging line of work using natural
language processing (NLP) approaches, such as word embeddings (elaborated in Box 4) ex-
amining social representations over even longer time periods of centuries [29,99-101]. Ultimately,
despite increasing evidence that long-term change in collective-level implicit attitudes is possible,
questions remain regarding the processes and inputs giving rise to such enduring change. Future
research would benefit from quasi-experimental methods tracking the time-locked long-term re-
lationships between large-scale inputs (e.g., changes in demographics or media representation)
and large-scale changes in attitudes.

Concluding remarks

In this review, we introduced a 3D framework with the goal to systematize empirical evidence on
implicit attitude change across levels of analysis, sources of change, and timescales. In doing so,
we identified both what is now well established in the literature on implicit attitude change and,
equally important, highlighted major gaps of knowledge to spur new research directions.
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Outstanding questions

Are there differences in processes of
attitude formation versus updating
across sources of change, levels of
analysis, or timescales?

How can short-term malleability in im-
plicit attitudes at the individual level
translate into long-term change?

Are instances of contextual modulation
and genuine change in implicit
attitudes distinct? Or can repeated and
sufficiently generalizable contextual
modulation eventually create genuine
implicit attitude change?

What are the contributions of
measurement error and systematic
contextual influences to imperfect
test—retest reliability in implicit attitude
measures?

How much do implicit attitudes
durably change within individuals over
ontogenesis?

Can culture induce enduring changes
in individuals’ implicit attitudes? If so,
how quickly and via what processes?

Do multiple short-term cultural events
(such as elections) accumulate to cre-
ate enduring changes in a collective’s
implicit attitudes? Or, do enduring
changes require a fundamentally differ-
ent type of input (such as changes in
media representation)?

Do short-term inputs lead to short-term
changes in implicit attitudes and long-
term inputs to long-term changes? Or
may long-term changes be achievable
even via short-term inputs?

Do interventions administered at the
individual level (e.g., bias education)
aggregate up to create emergent pat-
terns of collective change? Do inter-
ventions administered at the collective
level (e.g., hiring policies) trickle down
to create changes in individuals’ im-
plicit attitudes? If so, how?

How much of the apparent cross-
sectional stability in implicit attitudes is
due to genuine ontogenetic stability
vs. similarity in cultural inputs?

What are the most effective experimental
interventions to induce short- and long-
term shifts in aggregate implicit attitudes?
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Box 4. Natural language processing in the study of implicit attitude change

Until recently, implicit attitude research relied exclusively on data collected from individual participants in the lab or online.
However, the possibilities of relevant research expanded massively when NLP tools were used for the first time to extract
relatively hidden social biases from patterns of language use across more than 800 billion words from the Internet [120].
Since this initial study, the adoption of such NLP tools, especially word embeddings (compressed quantitative indicators
of word co-occurrence information), has seen rapid progress throughout psychology and especially in the study of social
group representations [121,122].

Given our present focus, two questions arise regarding the ability of NLP tools to advance understanding of implicit attitude
change. First, to what extent do such methods capture implicit processes? Language possesses features of both relatively
explicit representations (to a large extent, speakers communicate what they communicate intentionally) and relatively im-
plicit representations (word embeddings reflect conceptual associations indirectly computed from word co-occurrences
that may well reflect unintentional processes) [29,121]. Thus, although the implicit versus explicit nature of word embed-
dings is being actively discussed, NLP arguably provides a window into unintentionally expressed (implicit) social group
representations.

Second, how can such tools then be used to reveal implicit attitude change and along what dimensions of the 3D frame-
work? To date, NLP has been used to study long-term collective cultural change [29,100] and long-term collective onto-
genetic change [123]. Both lines of work have provided evidence for the possibility of implicit attitude change, along with
meaningful variability in the extent of such change. For example, representations of racial and ethnic groups seem to be
relatively malleable, whereas some gender stereotypes appear relatively recalcitrant.

Going forward, we are excited to see new applications of NLP tools across all clusters emerging from the 3D framework.
For instance, NLP models trained on text data across shorter successive timescales could be used to reveal collective
short-term change in implicit attitudes [124]. At the individual level, NLP tools could also be used to probe how individuals
shift in their language use (for instance, the valence or sentiment of their language when communicating about a social
group) following an experimental intervention [125]. In summary, while the use of NLP tools to study implicit attitude
change is in its early stages, such tools have enormous potential to produce novel insights going forward.

Contrary to early theoretical ideas about the recalcitrance of implicit attitudes in the face of new
information [15-18], implicit attitudes seem amenable to change both in the short term and in
the long term, as one would expect from a cognitive system evolved to drive adaptive, automatic
responding to social targets [22]. The two clusters of studies that seem to deviate from this overall
pattern of change are cross-sectional studies of long-term developmental change (in which chil-
dren’s mean-level attitudes are generally found to mirror those of adults) and experimental studies
of individual-level long-term change involving real group targets (in which no compelling evidence
of enduring change exists, unlike for novel targets).

We believe that, in both cases, the evidence for stability likely reflects features of the information
available to participants rather than cognitive constraints inherent to social information process-
ing. In the former case, apparent stability may be due to shared cultural influences across age
groups [62] and in the latter, due to persistent reminders of initial negativity encountered by par-
ticipants following counter-attitudinal interventions [102]. Indeed, given evidence that cultural-
level shifts in implicit attitudes are not exclusively due to cohort replacement, but at least partly
attributable to changes likely occurring within individuals [30,88], it seems probable that, given
appropriate longitudinal and repeated-intervention designs, research will produce persuasive
evidence for long-term experimental and developmental change even within individuals.

Beyond these open questions, much else remains unknown about when, how, and why implicit
attitudes do or do not reveal change (for a list of future research directions, see Outstanding
questions). In Figure 2 we use yellow backgrounds to mark those clusters in which little to no em-
pirical evidence is available. Understandably given methodological constraints and existing re-
search traditions, the bulk of evidence is concentrated in two clusters where the level of
analysis, source of change, and timescale are aligned with each other: individual-level studies fo-
cusing on short-term experimental change and collective-level studies focusing on long-term
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differences between processes of
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level and in response to ontogenetic
and cultural inputs?
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cultural change. However, a wealth of methods is now available to conduct work in the remaining
clusters that exist at the off-diagonals of research traditions; we hope that the field will take up this
challenge.

Even in the clusters where compelling evidence for implicit attitude change exists, the inputs to,
and especially processes of, change continue to be relatively poorly understood. This is true
even for experimental studies of individual-level change — the area where theories are most
well developed — (Boxes 1 and 2), but even more so for studies of long-term cultural change
at the collective level where mechanistic understanding of why change occurs in some cases
and not in others is almost completely absent. In this context, it will be important to probe
how inputs to change might be similar or different between implicit (unintentional) and explicit
(intentional) attitudes, especially beyond the relatively limited domain of experimental studies
of short-term change within individuals, which has been the sole focus of relevant accounts
[43,108,104].

Notably, when it comes to such theory development, it should not be assumed that hypotheses
formulated at one level of analysis will necessarily generalize to another [105]. The few available
theories that have attempted to jointly consider both individual and collective levels of change
have treated the two as antagonistic to each other, asking whether change in implicit attitudes
is best explained at the level of individuals or collectives [27,69]. We look forward to a new gen-
eration of accounts that expressly consider interactions across levels of analysis (e.g., person-
by-situation interactions), and how evidence obtained at one level of analysis can help constrain
and inform the interpretation of evidence at another level [106] (Box 3).
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