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A B S T R A C T   

When we encounter a stranger for the first time, we spontaneously attribute to them a wide variety of character 
traits based on their facial appearance. There is increasing consensus that learning plays a key role in these first 
impressions. According to the Trait Inference Mapping (TIM) model, first impressions are the products of 
mappings between ‘face space’ and ‘trait space’ acquired through domain-general associative processes. Drawing 
on the associative learning literature, TIM predicts that first-learned associations between facial appearance and 
character will be particularly influential: they will be difficult to unlearn and will be more likely to generalise to 
novel contexts than appearance-trait associations acquired subsequently. The study of face-trait learning de novo 
is complicated by the fact that participants, even young children, already have extensive experience with faces 
before they enter the lab. This renders the study of first-learned associations from faces intractable. Here, we 
overcome this problem by using Greebles – a class of novel synthetic objects about which participants had no 
previous knowledge or preconceptions – as a proxy for faces. In four experiments (total N = 640) with adult 
participants we adapt classic AB-A and AB-C renewal paradigms to study appearance-trait learning. Our results 
indicate that appearance-trait associations are subject to contextual control, and are resistant to counter- 
stereotypical experience.   

Humans spontaneously attribute a wide range of traits to strangers 
based on their facial appearance (Todorov, Olivola, Dotsch, & Mende- 
Siedlecki, 2015; Zebrowitz, 2017). These first impressions include 
judgements about apparent likeability, honesty, intelligence, compe-
tence, and aggression. While a wealth of spontaneous attributions have 
been studied, observers’ judgements appear to load on two principal 
dimensions commonly described as trustworthiness and dominance 
(Oosterhof & Todorov, 2008). While our first impressions are typically 
inaccurate, they can have serious real-world consequences (Olivola, 
Funk, & Todorov, 2014; Rule, Krendl, Ivcevic, & Ambady, 2013). For 
example, first impressions are thought to affect criminal sentencing 
(Wilson & Rule, 2015), financial decisions (Hooper et al., 2018) and 
voter preferences (Todorov, Mandisodza, Goren, & Hall, 2005). More 
recently, it has been shown that first impressions also influence how 
adults interact with children, with potentially long term consequences 
for developmental outcomes (Thierry & Mondloch, 2021). 

Some first impressions – so-called consensus impressions – are 
widely shared within a culture or community. For example, many in-
dividuals in the U.K. and U.S. attribute naivety and trustworthiness to 
faces with large eyes and round features (Zebrowitz McArthur & Berry, 

1987; Zebrowitz & Montepare, 1992). The same observers tend to judge 
short, squat faces to be more aggressive than faces that are tall and thin 
(Geniole, Molnar, Carré, & McCormick, 2014; Stirrat & Perrett, 2010), 
and attribute to beautiful faces a range of positive traits including 
trustworthiness, intelligence, and generosity (Dion, Berscheid, & Wal-
ster, 1972; Eagly, Ashmore, Makhijani, & Longo, 1991). Other face-trait 
judgements are idiosyncratic – they differ between individuals living 
within the same culture (Sutherland et al., 2020). There is growing ev-
idence that learning plays an important role in the emergence of both 
types of first impression (Cook, Eggleston, & Over, 2022). This view is 
supported by several lines of evidence. 

Studies conducted in the lab indicate that adults readily acquire new 
first impressions following periods of training (Chua & Freeman, 2022; 
Cone, Flaharty, & Ferguson, 2021; Falvello, Vinson, Ferrari, & Todorov, 
2015; FeldmanHall et al., 2018; Lee, Flavell, Tipper, Cook, & Over, 
2021; Todorov & Uleman, 2002; Verosky & Todorov, 2010). For 
example, training procedures might pair unfamiliar faces with positive 
(e.g., “Gave his balloon to a child who had let hers go”) or negative (e.g., 
“Stole money and jewellery from the relatives he was living with”) be-
haviours. At test, faces that have previously been paired with positive 
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behaviours are judged to be more trustworthy than those paired with 
negative behaviours (Cone et al., 2021; Falvello et al., 2015; Todorov & 
Uleman, 2002). Crucially, newly acquired face-trait associations 
generalise to novel faces of similar appearance (Chua & Freeman, 2022; 
FeldmanHall et al., 2018; Lee et al., 2021; Verosky & Todorov, 2010). 
These findings suggest that our first impressions of strangers are likely 
influenced by our knowledge of familiar others and their traits. 

Consistent with a learning account, there are systematic cultural 
differences in first impressions (Chen, Jing, Lee, & Bai, 2016; Jones 
et al., 2021; Lakshmi, Wittenbrink, Correll, & Ma, 2021; Over, Eggles-
ton, & Cook, 2020a; Sofer et al., 2017; Sutherland et al., 2018; Walker, 
Jiang, Vetter, & Sczesny, 2011; Zebrowitz et al., 2012). For example, in 
so-called WEIRD cultures (Western, Educated, Industrialized, Rich, 
Democratic), straight white teeth are associated with attractiveness, 
social status, and a host of other positive characteristics (Dion et al., 
1972; Eagly et al., 1991). Positive associations with straight white teeth 
are not culturally universal, however. Various forms of dental modifi-
cation including the deliberate creation of gaps through the removal of 
teeth, the filing of teeth to modify their shape, and teeth-blackening are 
common in other cultures (Over, Eggleston, & Cook, 2020b). Within 
these cultures, dental modification enhances impressions of the indi-
vidual by signalling group membership, social status, and desirable 
character traits (e.g., sobriety and restraint). 

Convergent developmental research suggests that consensus im-
pressions emerge around 3–5 years of age (Cogsdill, Todorov, Spelke, & 
Banaji, 2014), and continue to develop throughout childhood, showing 
adult-like patterns between 10 and 13 years of age (Siddique et al., 
2022). Some have argued that the emergence of consensus judgements 
at around 3–5 years is early enough to preclude a social learning account 
of their origin (Cogsdill et al., 2014; Ewing, Sutherland, & Willis, 2019). 
Contrary to this view, however, the attribution of intelligence to those 
who wear glasses (Fleischmann, Lammers, Stoker, & Garretsen, 2019) 
also emerges at this point in development (Eggleston, Flavell, Tipper, 
Cook, & Over, 2021). Given that glasses have been in existence for less 
than 800 years (Ilardi, 2007), this trait inference cannot possibly be a 
genetic adaptation; rather, it must be learned, either through exposure 
to cultural messages or via first-hand experience (Over & Cook, 2018). 

More recently, attention has turned to the question of how first im-
pressions are learned. A particular challenge for learning accounts is to 
explain how many people within the same culture can acquire similar 
but inaccurate first impressions. The Trait Inference Mapping (TIM) 
account asserts that first impressions are learned through exposure to 
cultural messages about the appearance of certain types of characters (e. 
g., heroes and villains, jocks and geeks, leaders and followers). By 
exposing many members of a community to the same (erroneous) face- 
trait associations, cultural messages have the potential to explain the 
emergence of widely-held but inaccurate impressions (Cook et al., 2022; 
Cook & Over, 2020; Over et al., 2020b; Over & Cook, 2018). Face-trait 
stereotypes may be learned through exposure to film and television, 
illustrated storybooks, art, and iconography. For example, action films 
(e.g., those from the Superman and James Bond franchises) and 
animated movies (e.g., those produced by Disney and Pixar) have taught 
millions of viewers worldwide clear lessons about the appearance of 
heroes and villains; for example, villains are more likely than heroes to 
be depicted with pallid complexion, facial disfigurements, and baldness 
(Croley, Reese, & Wagner, 2017). Similar messages may also be 
conveyed by cultural rituals (Over et al., 2020b) and visual propaganda 
(Keen, 1991). 

According to the TIM framework, mappings between ‘face space’ and 
‘trait space’ are acquired through correlated face-trait experience; i.e., 
learning episodes where individuals’ facial appearance is predictive of 
their traits and characteristics (Cook et al., 2022; Cook & Over, 2020; 
Over et al., 2020b; Over & Cook, 2018). This account is heavily influ-
enced by the associative learning literature. Specifically, TIM hypothe-
sises that correlated face-trait experience induces face-trait mappings 
through domain-general associative processes, such as those responsible 

for conditioning phenomena. If this view is correct, then insights from 
the literature on associative learning may aid efforts to understand the 
development and acquisition of first impressions. In the present study, 
we explored the possibility that appearance-trait learning exhibits evi-
dence of renewal. 

In renewal paradigms, participants first learn that a stimulus predicts 
one outcome (e.g., a reward) in one context, before being transferred to 
another context where they learn that the same stimulus no longer 
predicts that outcome. Crucially, when returned to the original context 
(AB-A renewal), or introduced to a novel context (AB-C renewal), par-
ticipants once again expect the stimulus to predict the original outcome 
(Bouton & King, 1983; Nelson, Sanjuan, Vadillo-Ruiz, Pérez, & León, 
2011; Peck & Bouton, 1990). Renewal effects are important because 
they demonstrate that what we learn first about a stimulus can be hard 
to unlearn. Rather than over-write existing associations, subsequent 
learning in a different context appears to establish parallel associations 
that manifest in that particular learning environment. Insights from 
renewal have proved important in understanding human behaviour; for 
instance, why people addicted to drugs are prone to relapse when they 
leave clinical settings and return to their home environment (e.g., 
Bouton, 2002). 

The study of appearance-trait learning de novo is complicated by the 
fact that participants, even young children, already have extensive 
experience with faces before they enter the lab. This renders the study of 
first-learned associations from faces challenging. In this study, we 
circumvent this problem by studying appearance-trait learning using 
Greebles – a class of novel synthetic objects (Gauthier & Tarr, 1997; 
Gauthier, Tarr, Anderson, Skudlarski, & Gore, 1999; Gauthier, Williams, 
Tarr, & Tanaka, 1998). Like faces, Greebles can be categorised into 
different ‘families’ based on their parts and configuration. The presence 
of this inter-exemplar structure makes them an ideal proxy for faces in 
studies of appearance-trait learning. Recent research suggests that par-
ticipants quickly learn that individual Greebles have particular trait 
profiles and will generalise that learning to other Greebles from the same 
family (Lee et al., 2021). 

In the present study, we used the Greeble paradigm to examine 
whether appearance-trait learning exhibits evidence of renewal. In total, 
we describe four experiments, each of which was pre-registered. Our 
preregistration documents and the data for each experiment can be 
found in the OSF repository at https://osf.io/a65fc/. 

1. Experiment 1 (AB-A) 

In our first experiment, we sought evidence of a classic AB-A renewal 
effect. Participants first observed two families of Greebles in a particular 
context. Whereas one family of Greebles was paired with trustworthy 
behaviours in this context, the other family was paired with untrust-
worthy behaviours. Participants then encountered the same Greebles in 
a second context. In this context, the contingencies were reversed - the 
Greebles previously paired with trustworthy behaviours were paired 
with untrustworthy behaviours. At test, participants were presented 
with 12 novel Greebles from the two families, similar to those presented 
during training, and were asked to judge their apparent niceness. 
Crucially, this test took place in the first learning context. 

If new appearance-trait learning that contradicts old appearance- 
trait learning overwrites the original learning (the unlearning ac-
count), one might expect little or no systematic bias in participants’ 

ratings of the novel Greebles. However, if new appearance-trait learning 
that contradicts old appearance-trait learning creates a second set of 
parallel associations that manifest selectively in the learning environ-
ment (the context-specific learning account), one might expect evidence 
of AB-A renewal; i.e., Greebles from the family paired with trustworthy 
behaviours in the first context should be judged more trustworthy than 
Greebles from the family presented as trustworthy in the second context. 
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2. Methods 

2.1. Participants 

One hundred and sixty participants (Mage = 35.99 years, SDage =
12.50 years, range: 18–73 years, 78 female, 81 males, 1 prefer-not-to- 
say) were recruited through http://www.prolific.co. Participants 
received a small honorarium. Participants had to be at least 18, speak 
English as a native language, and reside in the UK. Thirteen further 
participants were tested but were replaced having failed one or both 
attention checks. Sample size was determined by an a priori power 
analysis. Power and alpha were set at 0.8 and 0.05. Pilot data yielded a 
Cohen’s d of 0.3. This analysis indicated that a sample size of 160 pro-
vided adequate power for a paired t-test. 

2.2. Materials 

We used Greebles from two different families (Fig. 1). Three Greebles 
from each family were presented during training. Six novel Greebles 
from the same two families were presented at test. The experiments were 
conducted online using Gorilla (Anwyl-Irvine, Massonnié, Flitton, 
Kirkham, & Evershed, 2020). 

2.3. Design 

Participants completed a training procedure during which they 
encountered Greebles from two different families in two different con-
texts - the Forest Planet and the Mountain Planet (Fig. 2a). On each of 
the training trials, participants were shown a pair of Greebles and asked 
to guess which acted in a trustworthy or untrustworthy manner. What 
differed between the training contexts was the contingency between 
Greeble family and trustworthy / untrustworthy behaviour. In the first 
context, there were 36 trials in which one family of Greebles was paired 
with trustworthy behaviour (e.g., in Context A, Family-1 is trustworthy 
and Family-2 is untrustworthy). In the second context, there were 36 
training trials in which the contingency was reversed (e.g., in Context B, 
Family-1 is untrustworthy and Family-2 is trustworthy). The test phase 
took place in Context A after a brief distractor task. Participants saw 12 
novel Greebles from the same two families that were perceptually 
similar to those encountered in the first two phases. Participants rated 
how nice they seemed on a scale from −50 (not at all nice) to 50 
(extremely nice), in keeping with common practice in this field (e.g., 
Cogsdill et al., 2014; Lee et al., 2021). 

2.4. Procedure 

The first context was introduced by a screen saying: “This is the 
[Forest/Mountain] planet. Greebles live on the [Forest/Mountain] 
Planet”. Participants completed 36 training trials in the first context. 
Training trials depicted two Greebles side-by-side, one from each family, 
on the appropriate background below a text description of an action. 
Eighteen of the training trials involved trustworthy behaviours: e.g., 
‘One of these two Greebles helped another Greeble to find a lost pet and 
made the other Greeble feel pleased’. The other 18 involved untrust-
worthy behaviours: e.g., ‘One of these two Greebles refused to share a 
boat with another Greeble, so the other Greeble got stuck on an island’. 
Participants were asked to click on the Greeble they thought performed 
the action. Regardless of whether or not participants answered correctly, 
a green tick was displayed over the correct Greeble and a red cross over 
the incorrect Greeble. Training trials were almost identical in the second 
context, but crucially, the trustworthiness of the two Greeble families 
was reversed. 

The Greeble family (1 or 2) associated with trustworthy behaviours 
in the first encountered context was counterbalanced. We also coun-
terbalanced which context (Forest or Mountain) was presented first and 
which of two sets of events – closely matched for content – were pre-
sented in the first and in the second stages of training. Within the two 
stages of training, trials were presented in a random order. 

An attention check was presented between the 13th and 14th trials of 
each training block. This check was structured in the same way as the 
training trials but, rather than describing an event, the text accompa-
nying the picture of two Greebles asked participants to click on a specific 
Greeble (right or left). Participants saw a feedback screen indicating a 
correct or incorrect answer to the attention check. 

Immediately following training, participants completed a distractor 
task measuring divergent thinking for 6 min. In this task, participants 
were asked to think of as many uses as possible for a brick (2 min), a 
blanket (2 min), and a pencil (2 min). 

Participants then completed 12 test trials. Test trials were preceded 
by an image of the planet associated with the initial training context 
seen by the participant. This image was accompanied by the words “Now 
you are back on the [initial context] Planet”. Each test trial presented a 
single Greeble in the centre of the display superimposed on the planet 
image. Participants rated Greebles from the same two families as those 
seen during training (6 novel exemplars from each family) on a scale 
ranging from ‘Not at all’ nice (−50) to ‘Extremely’ nice (+50). The order 
of the 12 test trials was randomized. 

Fig. 1. Images of the Greebles from the two families used during training and at test in all experiments. All Greeble images are courtesy of Michael J. Tarr, Carnegie 
Mellon University, http://www.tarrlab.org/ 
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3. Results 

3.1. Training performance 

The proportion of correct responses seen across the first and second 
phase of the training procedure are plotted in Fig. 3a. In the first training 
phase, participants gave significantly more correct responses in the 
second half (trials 19–36, M = 84.0%; SD = 20.5%) than in the first half 
(trials 1–18, M = 70.3%; SD = 20.4%) [t(159) = 10.30, p < .001, d =
0.81]. This was also true of the second training phase: participants gave 
significantly more correct responses in the second half (trials 19–36, M 
= 85.1%; SD = 21.5%) than in the first half (trials 1–18, M = 78.0%; SD 
= 21.9%) [t(159) = 7.10, p < .001, d = 0.56]. Together, these results 
suggest discovery and learning of the Greeble feature rule in Context A, 
and re-learning of the flipped rule in Context B. 

3.2. Test performance 

For each participant, we computed average niceness ratings for the 
Greeble family who acted in a trustworthy manner in the context that 
participants encountered first and second. Following our pre-registered 
analysis plan, average trust ratings were analyzed using a paired t-test 
(Fig. 4a). Greebles from the family paired with trustworthy behaviours 
in the first context (M = 15.20; SD = 20.18) were rated as significantly 
nicer than were Greebles from the family paired with trustworthy be-
haviours in the second context (M = −12.20, SD = 22.49) [t(159) =
8.72, p < .001, d = 0.69]. This was the case even though both families of 
Greebles were paired with an equal number of trustworthy and un-
trustworthy behaviours overall. 

The results from Experiment 1 demonstrate that a classic finding 
from the associative learning literature – AB-A renewal can be replicated 
using an appearance-trait learning paradigm. These results suggest that 
contradictory learning that occurs in Context B sets up parallel associ-
ations that exist alongside – i.e., that do not overwrite – the original 

associations acquired in Context A. Because the learning in Context B is 
context-specific, the initial learning is protected from subsequent 
unlearning. Thus, when participants are returned to the original 
learning context, participants’ responses follow the first-learned 
contingency. 

4. Experiment 2 (AB-B) 

An unlearning account of the results from Experiment 1 might still be 
plausible if one assumes that the learning that occurred in Context B was 
weaker than that seen in Context A. If the original learning in Context A 
was only partially overwritten, this might explain why participants 
responded according to the Context A contingencies when returned to 
Context A. It is possible, for example, that participants paid less atten-
tion in Context B than in Context A due to boredom or fatigue, and thus 
required more than 36 training trials to fully unlearn the rule acquired in 
the first context. 

In order to assess this possibility, we conducted a second experiment 
that was identical to the first, but this time participants were tested in 
Context B (AB-B). If individuals are learning rival sets of parallel asso-
ciations that manifest selectively in different contexts, one would expect 
to see evidence of the Context A learning when individuals are tested in 
Context A, but also evidence of the Context B learning when individuals 
are tested in Context B. An unlearning account that assumes only one set 
of context-insensitive associations predicts similar effects when in-
dividuals are tested in Context A and Context B. 

5. Methods 

One hundred and sixty participants were recruited through htt 
p://www.prolific.co (Mage = 39.20 years, SDage = 12.23 years, range: 
18–65 years, 77 female, 83 male) using the same criteria as Experiment 
1, and received a small honorarium. Ten further participants were tested 
but were replaced having failed one or both attention checks. The 

Fig. 2. (a) Example training and test trials from Experiment 1 (AB-A renewal) (a) Example training and test trials from Experiment 3 (AB-C renewal).  
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experimental design and procedure were identical to the first experi-
ment, with the exception of the test phase which was conducted in 
Context B. 

6. Results 

6.1. Training performance 

The proportion of correct responses seen across the first and second 
phase of the training procedure are plotted in Fig. 3b. The pattern of 
responding during training was very similar to that observed in the first 
experiment. In the first training block, participants gave significantly 
more correct responses in the second half (trials 19–36, M = 83.1%; SD 

= 21.6%) than in the first half (trials 1–18, M = 71.2%; SD = 19.0%) [t 
(159) = 10.03, p < .001, d = 0.79]. This was also true of the second 
training block: participants gave significantly more correct responses in 
the second half (trials 19–36, M = 86.0%; SD = 19.7%) than in the first 
half (trials 1–18, M = 80.7%; SD = 19.1%) [t(159) = 5.76, p < .001, d =
0.46]. Together, these results suggest discovery and learning of the 
Greeble feature rule in Context A, and re-learning of the flipped rule in 
Context B. 

6.2. Test performance 

Following our pre-registered analysis plan, average niceness ratings 
were analyzed using a paired t-test (Fig. 4b). Greebles from the family 

Fig. 3. Performance across the training trials in Experiment 1: AB-A (a), Experiment 2: AB-B (b), Experiment 3: AB-C (c), and Experiment 4: AB-ABC (d).  
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paired with trustworthy behaviours in the first context (M =−11.75; SD 
= 23.63) were rated as significantly less nice than Greebles from the 
family paired with trustworthy behaviours in the second context (M =
12.24, SD = 21.86) [t(159) = 7.13, p < .001, d = 0.56]. 

Together, the results of the AB-A and AB-B experiments provide 
compelling evidence that participants acquire sets of parallel associa-
tions in the first (Context A) and second (Context B) training phases that 
selectively manifest at Test in Context A and Context B, respectively. 
While a partial unlearning account might explain the results of the AB-A 
experiment in isolation, it cannot also explain the results of the AB-B 
experiment. 

7. Experiment 3 (AB-C) 

In our third experiment, we investigated which set of associations – 

those acquired in Context A or Context B – dominate participants’ 

responding when the test phase in conducted in a novel context. Based 
on previous findings from the associative learning literature (e.g., 
Nelson et al., 2011), we predicted that the associations acquired in 
Context A would be more likely to generalise to novel contexts, than 
those acquired in Context B. In the associative learning literature, this is 
referred to as AB-C renewal. 

8. Methods 

One hundred and sixty participants were recruited through htt 
p://www.prolific.co (Mage = 35.40 years, SDage = 13.25 years, range: 
18–72 years, 93 female, 66 male, 1 non-binary) using the same criteria 
as in the first two experiments. Once again, participants received a small 
honorarium. Twelve further participants were tested but replaced hav-
ing failed one or both attention checks. 

Participants completed the same training procedure as in Experi-
ments 1 and 2. In this experiment, however, the test took place in a novel 
context - the Desert Planet (Fig. 2b). Immediately prior to the test trials, 
participants viewed an image of the Desert Planet accompanied by the 
words “Now you are on the Desert Planet. Greebles live on this planet”. 

9. Results 

9.1. Training performance 

The proportion of correct responses seen across the first and second 
phase of the training procedure are plotted in Fig. 3c. The pattern of 
responding during training was very similar to that observed in the first 
two experiments. In the first training block, participants gave signifi-
cantly more correct responses in the second half (trials 19–36, M =
83.3%; SD = 20.9%) than in the first half (trials 1–18, M = 71.8%; SD =
18.8%) [t(159) = 8.47, p < .001, d = 0.67]. This was also true of the 
second training block: participants gave significantly more correct re-
sponses in the second half (trials 19–36, M = 85.4%; SD = 21.0%) than 
in the first half (trials 1–18, M = 80.7%; SD = 18.4%) [t(159) = 5.57, p 
< .001, d = 0.44]. Together, these results suggest discovery and learning 
of the Greeble feature rule in Context A, and re-learning of the flipped 
rule in Context B. 

9.2. Test performance 

Following our pre-registered analysis plan, average niceness ratings 
were analyzed using a paired t-test (Fig. 4c). Greebles from the family 
paired with trustworthy behaviours in the in first context (M = 3.63; SD 
= 17.05) were rated as significantly nicer than Greebles from the family 
paired with trustworthy behaviours in the second context (M = −1.22, 
SD = 16.54) [t(159) = 2.11, p = .037, d = 0.17]. 

The results of Experiment 3 are suggestive of an AB-C renewal effect 
(d = 0.17), but one that is considerably weaker than the AB-A renewal 
effect seen in Experiment 1 (d = 0.69). The mean difference in ratings 
seen in Experiment 1 (M = 27.40; SD = 39.76) was significantly greater 
than the mean difference in ratings seen in Experiment 3 (M = 4.85; SD 
= 29.11) [t(318) = 5.79, p < .001, d = 0.65]. 

10. Experiment 4 (AB-ABC) 

Direct comparison of the effects seen in the first 3 experiments is 
complicated by the fact that different participants completed each 
experiment. In our final experiment, we therefore sought to replicate the 
three effects described above using a within-subjects paradigm. Rather, 

Fig. 4. (a) Results from Experiment 1: AB-A. (b) Results from Experiment 2: AB-B. (c) Results from Experiment 3: AB-C. Error bars represent ±SEM. *** denotes p <
.001, * denotes p < .05. 
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than being tested in one of the three contexts (A, B or C), each partici-
pant was tested in all three contexts. 

11. Method 

One hundred and sixty participants were recruited through htt 
p://www.prolific.co (Mage = 37.82 years, SDage = 11.72 years, range: 
19–63 years, 84 female, 73 male, 1 prefer-not-to-say, 2 non-binary) 
using the same criteria as Experiment 1 and received a small honorar-
ium. Twelve further participants were tested but replaced having failed 
one of both of the attention checks. 

Participants completed the same two training phases used in the 
experiments described above. During the test phase, however, each of 
the twelve test Greebles was rated three times, once in each context. The 
order of the test trials was randomized. 

In our first three experiments, a notification was presented to par-
ticipants at the start of the test phase. In the first two experiments, this 
notification was either “Now you are back on the Forest Planet” or “Now 
you are back on the Mountain Planet” depending on which counter-
balancing condition they were in. In the third experiment, this notifi-
cation was always “Now you are on the Desert Planet. Greebles live on 
this planet.” In our final experiment, no such notification was presented. 

12. Results 

12.1. Training performance 

The proportion of correct responses seen across the first and second 
phase of the training procedure are plotted in Fig. 3d. The pattern of 
responding during training was very similar to that observed in the 
previous experiments. In the first training block, participants gave 
significantly more correct responses in the second half (trials 19–36, M 
= 85.1%; SD = 18.9%) than in the first half (trials 1–18, M = 73.3%; SD 
= 19.4%) [t(159) = 8.83, p < .001, d = 0.70]. This was also true of the 
second training block: participants gave significantly more correct re-
sponses in the second half (trials 19–36, M = 87.1%; SD = 17.9%) than 
in the first half (trials 1–18, M = 81.5%; SD = 18.2%) [t(159) = 6.00, p 
< .001, d = 0.48]. Once again, these results suggest discovery and 
learning of the Greeble feature rule in Context A, and re-learning of the 
flipped rule in Context B. 

12.2. Test performance 

Following our pre-registered analysis plan, average niceness ratings 
(Fig. 5) were analyzed using ANOVA with Test Context (A, B, C) and 
Greeble Family (trustworthy in first context, trustworthy in second 
context) as within-subjects factors. The analysis revealed no main effect 
of Test Context [F(1,318) = 0.60, p = .551, ηp2 

= 0.004] or Greeble 
Family [F(1,318) = 1.46, p = .228, ηp2 

= 0.009], but did show a signif-
icant Test Context × Greeble Family interaction [F(1,318) = 44.68, p <
.001, ηp2 

= 0.22]. 
When presented in Context A, Greebles from the family paired with 

trustworthy behaviours in the first context (M = 8.51; SD = 20.88) were 
rated as significantly nicer than Greebles from the family paired with 
trustworthy behaviours in the second context (M =−10.05, SD = 20.00) 
[t(159) = 6.40, p < .001, d = 0.51]. When presented in Context B, 
Greebles from the family paired with trustworthy behaviours in the in 
first context (M = −8.76; SD = 20.15) were rated as significantly less 
nice than Greebles from the family paired with trustworthy behaviours 
in the second context (M = 8.66, SD = 20.53) [t(159) = 6.04, p < .001, d 
= 0.48]. When presented in Context C, Greebles from the family paired 
with trustworthy behaviours in the first context (M = 1.63; SD = 16.82) 
tended to be rated as nicer than Greebles from the family paired with 
trustworthy behaviours in the second context (M = −2.82, SD = 17.04), 
however this trend failed to reach significance [t(159) = 1.97, p = .051, 
d = 0.16]. 

Next, we sought to compare the strength of the AB-A, AB-B, and AB-C 
effects observed. The strength of the AB-A and AB-C effects were esti-
mated by subtracting the ratings for Greebles that were presented as 
trustworthy in the second context from the ratings of Greebles that were 
presented as trustworthy in the first context. The strength of the AB-B 
effect was calculated by subtracting the ratings for Greebles that were 
presented as trustworthy in the first context from the ratings for Gree-
bles that were presented as trustworthy in the second context. The 
strength of the AB-A (M = 18.55; SD = 36.70) and AB-B (M = 17.41; SD 
= 36.45) effects did not differ significantly [t(159) = 0.38, p = .707, d =
0.03]. However, both the AB-A [t(159) = 5.13, p < .001, d = 0.41] and 
AB-B effects [t(159) = 3.40, p < .001, d = 0.27] were significantly 
greater than the AB-C effect (M = 4.44; SD = 28.54). 

In our first two experiments, we observed strong, highly significant 
AB-A and AB-B effects that we were able to replicate in Experiment 4. 
However, the AB-C effect observed in Experiment 3 was much weaker 
and we were unable to replicate this effect in Experiment 4. During the 

Fig. 5. (a) Results from Experiment 4: AB-ABC. Error bars represent ±SEM. *** denotes p < .001.  
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test phase of Experiment 4, test context was randomly interleaved. By 
shifting participants from the Mountain Planet, to the Forest Planet, to 
the Desert Planet, and then back again, within the space of a few trials, 
we may have undermined the extent to which participants ever felt ‘in’ a 
given context. This aspect may have hindered our ability to detect the 
relatively weak AB-C effect. It is noteworthy that the AB-A and AB-B 
effects seen in Experiment 4, while highly significant, are also a little 
weaker than seen in Experiments 1 and 2. 

13. General discussion 

There is increasing consensus that learning plays a key role in the 
emergence of first impressions (Chua & Freeman, 2022; Cook et al., 
2022; Falvello et al., 2015; FeldmanHall et al., 2018; Lee et al., 2021; 
Sutherland et al., 2020; Sutherland, Burton, et al., 2020; Verosky & 
Todorov, 2010). At present, however, little is known about the nature of 
the learning processes responsible. According to the TIM framework, 
mappings form between points in face-space – representations of the 
facial appearance of others – and points in trait space – representations 
of the likely trait profile of others (Cook et al., 2022; Cook & Over, 2020; 
Over et al., 2020b; Over & Cook, 2018). Importantly, TIM argues that 
face-trait mappings are products of domain-general associative pro-
cesses, like those revealed through the study of conditioning phenomena 
(Cook et al., 2022; Over & Cook, 2018). If correct, then the associative 
learning literature can provide useful insights into the mechanisms un-
derlying first impressions and their development. In keeping with this 
approach, the present study sought to examine whether renewal – a 
phenomenon revealed through the study of conditioning – might be 
evident in the learning of first impressions. 

In total, we conducted four experiments testing whether appearance- 
trait learning about Greebles exhibits evidence of renewal. The first two 
phases of these experiments were identical. In the first phase, partici-
pants learned that Greebles from one family were trustworthy while 
Greebles from another family were untrustworthy. There was a perfect 
contingency between the appearance of the Greebles (the features 
associated with their family) and their character traits. This first phase of 
the experiment took place in Context A (e.g., a mountain environment). 
In the second phase, participants encountered the same Greebles again, 
this time in Context B (e.g., a forest environment). In this second phase, 
the family-trait contingency was reversed: the family that had been 
trustworthy in Context A was now untrustworthy, and vice versa. 

In each case, the key test occurred in the third phase of our experi-
ments. In Experiment 1, the third phase took place back in Context A. 
When asked to evaluate the likely traits of novel Greebles from the two 
families, participants tended to base their judgements on the contin-
gencies previously encountered in Context A, thereby demonstrating 
AB-A renewal. In Experiment 2, the third phase took place in Context B. 
When asked to evaluate the likely traits of novel Greebles from the two 
families, participants tended to base their judgements on the contin-
gencies previously encountered in Context B. These effects were repli-
cated in Experiment 4, during which participants rated the novel 
Greebles in Contexts A and B, as well as a novel Context C. 

Together, these findings provide compelling evidence that during the 
AB training procedure participants acquired sets of parallel associations 
in the first (Context A) and second (Context B) training phases that 
selectively manifested at test in Context A and Context B, respectively. 
During these experiments, participants had equal opportunity to learn 
an appearance-trait association in phase 1, and then unlearn that asso-
ciation in phase 2. Thus, one might reasonably expect the trait judge-
ments of participants in phase 3 to show no systematic pattern. 
Crucially, this is not what we observed. Rather than overwrite existing 
associations, new appearance-trait learning that contradicts old learning 
appears to create parallel associations that exist alongside the existing 
associations. Once acquired, the activation of these competing associa-
tions is subject to contextual control. 

Considered in isolation, the results of the first experiment might be 

explained by partial overwriting or unlearning. If one assumes that the 
learning that occurred in Context B was weaker than that seen in Context 
A (e.g., due to fatigue or boredom), the original learning in Context A 
may have been only partially overwritten. This might explain why 
participants still responded according to the Context A contingencies 
when returned to Context A. However, while a partial unlearning ac-
count might explain the results of the AB-A experiment in isolation, it 
cannot also explain the results of the second experiment. A partial 
unlearning account that assumes one set of context-insensitive associa-
tions cannot explain how the same AB training procedure produces 
opposite patterns of responding when participants are tested in Context 
A (Experiment 1) and Context B (Experiment 2). 

The results of the first two experiments indicate that the AB training 
procedure left participants with two sets of rival associations, one that 
manifested in Context A and one that manifested in Context B. In our 
third experiment, we sought to determine which set of associations 
dominated participants’ responding when tested in a third novel context 
(C). Consistent with previous studies from the associative learning 
literature (e.g., Nelson et al., 2011), we found that participants tended to 
respond according to the contingencies acquired in the first context – 

evidence of so-called AB-C renewal. However, the AB-C renewal effect 
seen in Experiment 3 was much smaller than the AB-A renewal effect 
seen in Experiment 1. A similar trend was seen in Experiment 4, however 
the AB-C renewal effect failed to reach significance (p = .051). In light of 
the findings from Experiment 3 and 4, it seems likely that the associa-
tions acquired in Context A tend to generalise slightly better to novel 
contexts than those acquired in Context B. However, the fact that the AB- 
C effect is so weak suggests that learning from Context B also affected 
responding in the novel context. 

13.1. Implications for first impressions from faces 

These findings have several implications for our understanding of 
first impressions from faces and the learning processes responsible for 
face-trait mappings. First, our results suggest that context matters. The 
first impressions we form outside the lab are made in particular contexts 
(e.g., in a London café, while traveling on the New York subway, in a 
Berlin court room, etc). The present findings suggest that a given 
observer may sometimes form different first impressions of the same 
unfamiliar face in different contexts. For example, in Western cultures, 
cultural messages about the appearance of ‘geeks’ and ‘jocks’ may cause 
some faces to be judged competent in a library context but incompetent 
on a basketball court, and vice versa. At present, the prevailing approach 
in first impressions research is to present facial images with little or no 
contextual information. Participants are shown a facial image (typically, 
with the background and body occluded or removed) and asked to judge 
the likely traits of the person depicted without any knowledge of how or 
where the stranger was encountered. It is important that further work is 
conducted to better understand the impact of context on these 
judgements. 

Second, our results imply that face-trait stereotypes may be resistant 
to change. Previously, the findings from renewal paradigms have been 
used in a range of applied contexts; for example, to understand the 
challenges faced by people recovering from drug addiction and those 
who seek to support their recovery (e.g., Bouton, 1994; Bouton, 2002). 
Historically, interventions and programs designed to stop people 
drinking and taking drugs have achieved disappointing results. It has 
been argued that one of the reasons for this ineffectiveness might be that 
individuals with drug addiction experience AB-A renewal effects when 
they leave clinical settings – Context B – and return to the environments 
where they originally learned that drinking and/or substance abuse is 
rewarding – Context A (e.g., Bouton, 2002). In other words, the positive 
messages and behaviours acquired in clinical settings to not over-write 
the self-destructive behaviour learned previously. 

In a similar vein, the present results suggest that once acquired, face- 
trait mappings may be surprisingly resistant to counter-stereotypical 
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experience. There is increasing interest in the possibility that periods of 
lab-based training can “unteach” deeply engrained face-trait mappings 
acquired outside the lab (Jaeger, Todorov, Evans, & van Beest, 2020). 
However, recent attempts to reduce the effects of first impressions 
through training interventions have yielded mixed results (Chua & 
Freeman, 2021; Jaeger et al., 2020). Our findings suggest that this kind 
of intervention may have limited effectiveness. Even where training 
interventions appear to be successful in the lab (e.g., Chua & Freeman, 
2021), they may exert little or no effect when participants return to the 
environments in which they originally acquired their face-trait map-
pings. It is important that future attempts to assess the effectiveness of 
training interventions consider generalisation to different contexts. A 
more effective strategy may be to prevent the formation of deleterious 
face-trait stereotypes in the first place; for example, by modifying the 
nature of the correlated face-trait experience our children receive. All 
too often, inaccurate and socially deleterious face-trait mappings are 
acquired early in development through exposure to social messages 
including those in film, TV, cartoons, and storybooks (Cook et al., 2022; 
Over et al., 2020a; Over & Cook, 2018). For example, facial disfigure-
ment is frequently associated with bad character (Croley et al., 2017; 
Kish & Lansdown, 2000). Once these appearance-trait rules are ac-
quired, they may be hard to unlearn in later life. 

Third, these findings have implications for the TIM account of first 
impressions from faces. The TIM account hypothesises that first im-
pressions of faces are the result of associative mappings that allow 
excitation to propagate from representations of facial appearance to 
representations of the trait profile of others (Cook et al., 2022; Cook & 
Over, 2020; Over et al., 2020b; Over & Cook, 2018). In order to account 
for the findings described here – that an individual with the same 
appearance may be attributed different trait profiles in different contexts 
– it must be possible for face-trait mappings to exhibit modulation by 
context. For example, in a particular context, certain mappings may be 
excited or inhibited (Fig. 6). As described above, this kind of modulation 
is consistent with a domain-general associative process (Bouton, 1994; 
Bouton & King, 1983; Nelson et al., 2011; Peck & Bouton, 1990). 

13.2. The Greeble paradigm 

The focus of the current article is the origin of appearance-based 

impressions; i.e., judgements informed by semi-permanent aspects of 
facial appearance that change slowly over time. These are the same 
invariant cues that support judgements of facial identity, and include 
feature shape and configuration (Calder & Young, 2005; Haxby, Hoff-
man, & Gobbini, 2000). First impressions based on appearance cues 
include the inference of trustworthiness and aggression from facial 
width-to-height ratio (Geniole et al., 2014; Stirrat & Perrett, 2010; 
Summersby, Harris, Denson, & White, 2022) and the inference of 
naivety from round face shape (Zebrowitz McArthur & Berry, 1987). 
Trait attributions based solely on appearance can be thought of as hy-
potheses about other people formed in the absence of relevant evidence 
about their past behaviour. 

The Greeble model has great potential to reveal insights about the 
learning mechanisms responsible for appearance-based trait inferences. 
The study of face-trait learning de novo is complicated by the fact that 
participants, even young children, already have extensive experience 
with faces before they enter the lab. This renders the study of first- 
learned associations from faces intractable. The Greeble model offers 
researchers a means to overcome this problem. The variation between 
Greeble exemplars is designed to replicate that seen between individual 
faces. Thus, Greebles can be categorised into two ‘genders’ (glips and 
ploks) and different ‘families’ (Samar, Osmit, Galli, Radok, Tasio) based 
on their parts and configuration. The presence of this inter-exemplar 
structure makes them an ideal proxy for faces in studies of 
appearance-trait learning. 

However, there are some of kinds of trait inference that are beyond 
the scope of the Greeble paradigm and the TIM framework more 
broadly. When asked to evaluate the traits of people depicted in stimulus 
images, participants can base their judgements on differences in facial 
expression, as well as on invariant appearance cues. For example, faces 
are judged to be more or less trustworthy when participants detect 
smiles or frowns (Montepare & Dobish, 2003; Oosterhof & Todorov, 
2008; Said, Sebe, & Todorov, 2009; Sutherland et al., 2013; Sutherland 
et al., 2018). Greebles cannot smile or frown, or engage in any other 
expressive behaviours. As such, there is no opportunity to model trait 
inferences based on expression cues. 

We do not believe this is a limitation of our approach per se; rather, 
this reflects the fact that trait inferences from facial appearance and 
facial expression are qualitatively different phenomena (for detailed 

Fig. 6. Illustration of how face-trait mappings may be subject to excitation or inhibition in two different contexts. Arrows indicate excitatory associations. Blocked 
arrows indicate inhibitory associations. Adapted from Bouton (1994). 
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discussion, see: Cook et al., 2022). The expression cues present in a facial 
photograph can be thought of as a ‘thin slice’ of behaviour (Ambady & 
Rosenthal, 1992). That someone shown scowling is judged less trust-
worthy than someone shown smiling is conceptually similar to the 
inference that someone shouting while wielding a gun is less trustworthy 
than someone singing while holding a coffee mug. In both cases, the 
likely traits are inferred from the person’s behaviour rather than from 
their appearance. Whereas appearance-based impressions may be 
likened to judging a book by its cover, behaviour-based impressions are 
akin to judging a book by its content (albeit just the first page). Trait 
inferences based on appearance and behaviour are likely mediated by 
different cognitive-perceptual mechanisms and may have different 
developmental origins (Cook et al., 2022). 

Previous findings suggest that changes in attitudes towards familiar 
object exemplars can be limited to the context in which counter- 
attitudinal information was learned (reviewed by Gawronski et al., 
2018). The present work complements these findings by applying 
similar principles to the development of appearance-based first im-
pressions of novel exemplars. In our experiments participants were 
presented with different exemplars at training and test. By using novel 
exemplars at test, we were able to show that participants generalise their 
first-learned associations more readily to perceptually similar exem-
plars. It is this key feature of the Greeble paradigm that allows us to 
model the development of first impressions of strangers’ faces (Lee et al., 
2021). 

14. Conclusion 

The renewal effects observed here suggest that appearance-trait 
learning may be subject to contextual control. From early in our 
development, we are exposed to cultural messages about the likely 
appearance of good-guys and bad-guys, the competent and the incom-
petent; jocks and geeks. Our results suggest that once acquired, face-trait 
stereotypes may be resistant to counter-stereotypical experience. 
Training interventions to attenuate socially deleterious face-trait asso-
ciations may exert little or no effect when participants return to the 
environments within which they originally acquired their face-trait 
mappings. 
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