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When evaluating items in a sequence, the current judgment is influenced by the previous item and
decision. These sequential biases take the form of assimilation (shifting toward the previous item/
decision) or contrast (shifting away). Previous research investigating facial attractiveness evaluations
provides mixed results while using analytical techniques that fail to address the dependencies in the data
or acknowledge that the images represent only a subset of the population. Here, we utilized cross-
classified linear mixed-effects modeling across 5 experiments. We found compelling evidence of
multicollinearity in our models, which may explain apparent contradictions in the literature. Our results
demonstrated that the previous image’s rating positively influenced current ratings, and this was also the
case for the previous image’s baseline value, although only when that image remained onscreen during
the current trial. Further, we found no influence of the next face on current judgments when this was
visible. In our final experiment, the response bias due to the previous trial remained present even when
accounts involving motor effort were addressed. Taken together, these findings provide a clear frame-
work in which to incorporate current and past results regarding the biases apparent in sequential
judgments, along with an appropriate method for investigating these biases.

Public Significance Statement

This study demonstrates the biases we show when evaluating sequences, and how they are best
investigated. When considering the attractiveness of faces in sequences, this study explores the biases
that are present and the contexts in which they may be absent.

Keywords: sequential effects, facial attractiveness, linear mixed-effects models, perceptual bias, response

bias
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When presented with items in a sequence and asked to provide
judgments of the items, people show predictable biases. For ex-
ample, research has demonstrated that appearing first or last in a
sequence can improve evaluations of those particular items in
real-world contexts (Bruine de Bruin, 2005; Mantonakis, Rodero,
Lesschaeve, & Hastie, 2009; Miller & Krosnick, 1998). In addition
to particular positions in a sequence, studies have also identified an
effect of direct comparison, whereby the evaluation of the current
item is influenced by the evaluation of the previous item.
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These sequential effects can take one of two forms: assimilation,
where the current judgment is drawn toward the previous judg-
ment, and contrast, where the opposite pattern is found. Such
effects have been identified in a variety of situations, including
judgments of singers on the “Idol” TV series (Page & Page, 2010)
as well as both synchronized divers and gymnasts at the Olympics
(Damisch, Mussweiler, & Plessner, 2006; Kramer, 2017).

Sequential Biases in Facial Attractiveness

A number of studies in recent years have focused on evaluative
judgments of face photographs, and specifically, their perceived
attractiveness. Findings have consistently demonstrated the pres-
ence of sequential biases in the form of an assimilation effect,
whereby the current face was considered more attractive when
preceded by an attractive (vs. an unattractive) face (Kok, Taubert,
Van der Burg, Rhodes, & Alais, 2017; Kondo, Takahashi, &
Watanabe, 2012, 2013; Kramer, Jones, & Sharma, 2013; Taubert
& Alais, 2016). While these repeated demonstrations have shown
how reliable this effect appears to be, its cause remains the subject
of investigation.
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SEQUENTIAL EFFECTS IN FACIAL ATTRACTIVENESS

Two mechanisms have been proposed to explain biases when
responding to faces in a sequence (e.g., Huang et al., 2018; Pegors,
Mattar, Bryan, & Epstein, 2015; Taubert, Van der Burg, & Alais,
2016). The first can be classified as perceptual, whereby low-level
mechanisms (e.g., sensory adaptation) result in a comparison be-
tween the attractiveness of the current and previous face. This
explanation incorporates the notion that the attractiveness of the
preceding face itself is influencing the present evaluation. In
comparison, the second mechanism can be thought of as a higher-
order response bias. Simply, the response given to the previous
face is the factor influencing the current response. This might be
apparent, for example, in situations where the current face is
difficult to evaluate, and so participants default to repeating their
previous response. Teasing apart these two mechanisms has been
the goal of several studies in recent years.

In psychophysics, researchers have increasingly considered the influ-
ences of the value of the current stimulus, the value of the previous
stimulus, and the judgment of the previous stimulus. The typical pattern
of results suggests that the current judgment assimilates to the pre-
vious judgment while simultaneously contrasting away from the
previous item’s value (e.g., Jesteadt, Luce, & Green, 1977). This
pattern is also evident for more complex, real-world decision
making (e.g., prices of items; Matthews & Stewart, 2009). Prob-
lematically when considering facial attractiveness, there is no
objective, “true” value that can be used in predictive models.
While raters show a high level of agreement in their judgments,
there is also a large influence of personal taste (e.g., Kramer,
Mileva, & Ritchie, 2018).

One approach that researchers have taken is to focus on the
nature of the perceptual bias by removing the possibility of a
response bias. Chang, Kim, and Cho (2017) showed two-image
sequences of artistic photographs (mostly scenes), with partici-
pants rating only the second image. In this way, the assimilation
effect that was found could not have been because of a response
bias because no response was given to the previous image. In
addition, and using a similar approach, this same result was evi-
dent with face images (Xia, Leib, & Whitney, 2016).

Another approach in attempting to disentangle perceptual and
response biases is to quantify the current face’s value, along with
that of the previous face, by collecting measures of baseline
attractiveness. By asking a different set of participants to pre-rate
the images, presenting the faces in a random order each time, and
subsequently averaging ratings across participants, each face re-
ceives an attractiveness value. These values can be considered
independent of any particular task or stimulus history, and repre-
sent a proxy for their actual value when predicting ratings given
during the experiments (Huang et al., 2018; Pegors et al., 2015).
Using this method, results have shown that evaluations of the
current face were assimilated toward those given to the previous
face but contrasted away from the value of the previous face.
Assimilation to the previous response was present both across task
boundaries (rating the attractiveness of a face after rating the hair
darkness of the previous face; Pegors et al., 2015) and when
responses were given orally (Huang et al., 2018). However, a
contrast with the value of the previous stimulus was absent across
task boundaries (rating the attractiveness of a face after rating the
agreeableness of a ringtone; Huang et al., 2018).

Taken together, there remains some uncertainty in the pattern of
biases shown. By investigating both perceptual and response bi-
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ases in attractiveness judgments within the same design, evidence
suggests that evaluations assimilate toward the previous response
but contrast away from the previous image’s attractiveness (Huang
et al., 2018; Pegors et al., 2015). This general pattern appears
robust within the literature, applying to both low-level visual and
more complex, real-world decisions (e.g., Jesteadt et al., 1977;
Matthews & Stewart, 2009). Indeed, this mirrors psychophysical
evidence that perception is repelled away from the previous item
while postperceptual decisions are attracted toward that item
(Fritsche, Mostert, & de Lange, 2017). In contrast, in designs
where attractiveness response biases were addressed in other ways
(e.g., no response was given to the previous trial, Xia et al., 2016;
upright faces were interleaved with inverted faces, Taubert et al.,
2016), evaluations assimilated toward the previous image’s value.
Therefore, further investigation is necessary to provide clarity on
this issue.

Reducing Sequential Biases

While studies have continued to identify sequential effects in
judgments of attractiveness, several factors have been shown to
influence their presence and/or strength. For example, assimilation
to the previous response decreased when the current face was
presented at a different orientation to the previous face (Taubert et
al., 2016). Reduced assimilation has also been found when the
current and previous face differed in sex or race (Kondo, Taka-
hashi, & Watanabe, 2013; Kramer et al., 2013). These results
support the idea that comparison with the previous face may be
dependent on the two faces being sufficiently similar, for example,
falling into the same perceived category. Indeed, the degree of
perceived similarity between two consecutive items may deter-
mine whether assimilation (high perceived similarity) or contrast
(low) takes place (Fritsche et al., 2017; Mussweiler, 2003; Muss-
weiler, Riiter, & Epstude, 2004).

Researchers have also suggested that timing may be an impor-
tant factor when determining the nature of sequential effects
(Taubert, Alais, & Burr, 2016). For example, very brief presenta-
tions have been associated with assimilation while longer dura-
tions resulted in contrast effects (Kanai & Verstraten, 2005).
However, assimilation has been found for longer presentation
durations and when responses were self-paced (Kondo et al., 2012;
Kramer et al., 2013; Pegors et al., 2015), although longer intervals
between adjacent ratings may decrease the magnitude of the effect
(Attali, 2011; Xia et al., 2016). Indeed, it is possible that timing
affects perceptual and response biases differently, with the sug-
gestion that perceptual biases may be assimilative for short pre-
sentation durations and temporal intervals, while decreasing and/or
becoming contrastive at longer durations and intervals (Xia et al.,
2016). However, response biases may simply decrease with an
increased interval between responses.

To our knowledge, all studies investigating sequential effects
have presented items individually. That is, the previous face was
replaced onscreen by the current face (e.g., Kramer et al., 2013).
As a result, the perceptual comparison that participants make has
been to the memory of the previous face rather than the face itself.
Could this reduce the contrast effect typically shown to the attrac-
tiveness of the previous face? One might predict a stronger (or
different) influence of the previous face if it remained onscreen
when the current face was presented and judged. Indeed, past
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research has shown that evaluations of two faces presented simul-
taneously were assimilated while the face pair was contrasted
away from the previous pair (Wedell, Parducci, & Geiselman,
1987). As such, the continued presence of the previous face may
produce assimilation of the current rating toward the previous
image’s value, reversing the typical pattern. In addition, research
investigating the “cheerleader effect” has shown that faces may
simply appear more attractive when presented together rather than
in isolation (e.g., Walker & Vul, 2014). The presence/visibility of
the previous item mirrors numerous real-world situations in which
shoppers are browsing shelves, speed-daters are meeting potential
mates, and so on.

Continuing this line of reasoning, one might also consider the
effect of the next item on current judgments if it too were visible.
Again, when browsing a sequence of items that are all present, one
might allocate some attention to the next item while considering
the current one. Although yet to respond to the next item, its value
may still influence the rating given to the current item. In combi-
nation with the continued presence of the previous item, it is
unclear how the two may affect the current response. It is possible
that the current evaluation is assimilated toward both the next and
previous images’ attractiveness levels. However, having already
responded to the previous item, it may be that that item shows a
stronger influence on current judgments in comparison with the
next item. These ideas have yet to be tested and provide the main
focus for the current set of experiments.

Regarding the influence of the previous response itself, which is
typically assimilative (Huang et al., 2018; Pegors et al., 2015), the
effect appears to be surprisingly robust. As mentioned above, even
when responses were given orally, participants continued to show
a response bias in their attractiveness ratings (Huang et al., 2018).
Although some form of action repetition might be expected to
underlie keyboard-based response biases, this explanation seems
less applicable to mouth movements. For example, while finger
position could mean less effort by repeating a keypress, saying out
loud the same number again does not produce any apparent gains
in terms of expended effort. Perhaps another way to remove the
possible advantages that come with action repetition is to make
sure that all motor responses are equally effortful. In our final
experiment, we investigate a method through which response bias
might be reduced.

Stimuli as a Random Factor

An important issue regarding previous studies investigating
sequential biases involves the method of analysis used. In these
experiments, samples of participants respond to samples of stimuli.
That is, participants represent a subset taken from a larger popu-
lation and the sample of stimuli presented are drawn from a larger
stimulus population of interest. In statistical terms, both partici-
pants and stimuli should be thought of as random factors. Given
that some amount of variance across experiments is because of the
particular subset of stimuli used, the appropriate analyses must
treat stimuli as a random factor to avoid statistical biases (e.g.,
Wells & Windschitl, 1999; Westfall, Judd, & Kenny, 2015).

Typically, researchers have followed a by-participant analysis,
where data are collapsed across stimuli to provide a measure for
each participant, with these values subsequently analyzed (e.g.,
Kondo et al., 2012, 2013). For example, some researchers have
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utilized by-participant (or “random”) regression to determine the
coefficients for each participant, and then conducted a one-sample
t test to compare these to a value of zero (Huang et al., 2018;
Matthews & Stewart, 2009; Pegors et al., 2015). This method
implicitly treats participants, but not stimuli, as a random factor.
As such, results can be generalized to other samples of participants
but not to other samples of stimuli. If researchers then choose to
claim the latter, this will give rise to inflated Type I error rates
(Judd, Westfall, & Kenny, 2012; Murayama, Sakaki, Yan, &
Smith, 2014; Westfall, Kenny, & Judd, 2014).

Less common is the by-stimulus analysis, where data are col-
lapsed across participants to provide a measure for each stimulus.
As above, implicitly treating stimuli, but not participants, as a
random factor means that results can be generalized to other
samples of stimuli but not to other samples of participants (again
resulting in inflated Type I error rates; Judd et al., 2012). In some
instances, researchers might even include both types of analysis,
assuming that both significant by-participant and by-stimulus re-
sults permit generalization across both participants and stimuli.
However, this reasoning is flawed in that the given results cannot
be said to generalize to simultaneously new samples of both
participants and stimuli because each can only be claimed when
the other remains unchanged (Raaijmakers, Schrijnemakers, &
Gremmen, 1999).

In recent years, advanced statistical techniques have addressed
the above-mentioned issues with approaches that consider either
participants or stimuli as a random factor. Linear mixed-effects
models have been developed to effectively incorporate both ran-
dom factors simultaneously by explicitly modeling the dependen-
cies in the data. Using these methods, researchers can empirically
estimate random variance components to determine to what extent
effects vary randomly for each grouping factor. By taking into
account the dependencies in the data (e.g., ratings given to a
specific item will be more alike, as might ratings given by a
specific participant), researchers are also able to allow for variation
in the relationships between variables across higher level units
(e.g., participants may differ in how their previous response influ-
ences their current one). Fundamentally different relationships
between variables may be found when the clustering of a dataset
by higher level units is controlled for. In contrast, if data points are
analyzed without this clustering (e.g., Xia et al., 2016), one risks
encountering “Simpson’s Paradox” (Simpson, 1951), whereby a
trend evident in several different groups of data disappears or
reverses when the groups are combined. Surprisingly, although
linear mixed-effects models have started to feature in sequential
effects research (e.g., essay ratings; Zhao, Andersson, Guo, & Xin,
2017), these techniques have yet to be applied to ratings of facial
attractiveness.

Current Study

There were four main aims for this study. First, previous evi-
dence is somewhat contradictory as to the specific nature of the
biases found during evaluations. For instance, whether responses
assimilate toward (e.g., Xia et al., 2016) or contrast away from
(e.g., Pegors et al., 2015) the attractiveness of the previous face
remains unclear. The current set of experiments was able to pro-
vide additional evidence in this debate.
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SEQUENTIAL EFFECTS IN FACIAL ATTRACTIVENESS

Second, research in this field has always considered sequential
effects when viewing faces individually, one after another. To
date, no studies have investigated contexts in which the previous
and next item were visible during evaluation of the current item, a
common occurrence in real-world responding. Therefore, the cur-
rent study began to address this omission.

Third, recent research has provided evidence that participants
demonstrate both assimilation and contrast effects in their respond-
ing. However, no studies to date have utilized linear mixed-effects
models, considering both participants (raters) and stimuli (faces) as
random factors. As a consequence, it was important to confirm this
pattern of results using analyses that explicitly modeled the de-
pendencies in the data while incorporating both random factors.
The current study utilized this statistical approach to determine
whether previous results were replicable under these conditions.

Fourth, previous research has failed to remove the response bias
found in judgments through the use of oral responses (Huang et al.,
2018). Here, the final experiment investigated an alternative
method through which this type of bias might be reduced, where
all motor responses require the same amount of effort, to minimize
action repetition.

Experiment 1: One Image Visible

In the first experiment, we investigated whether ratings of
attractiveness demonstrated both assimilation and contrast effects,
in line with previous research (Huang et al., 2018; Pegors et al.,
2015), when analyzed using a linear mixed-effects modeling ap-
proach. Participants viewed individual faces onscreen, one after
another, and provided judgments of attractiveness, following the
typical procedure in this field.

Method
Participants. Thirty-six university students (M,,. = 19.7
years, SD,,. = 1.0 years; 30 women; 89% self-reported as White)

gave informed written consent before participating in the experi-
ment and were verbally debriefed upon completion. Participants
received course credit as compensation.

The sample sizes for this experiment and those that followed
were based on the number of participants used in earlier studies
showing both assimilation and contrast effects in sequential attrac-
tiveness ratings (25 to 32 participants, Huang et al., 2018; 30
participants, Pegors et al., 2015).

In addition, through simulations based on our data (SIMR pack-
age; Green & MacLeod, 2016), we calculated the power to detect
fixed effects of the sizes reported by Huang et al. (2018, Experi-
ment 1). First, we fitted a linear mixed-effects model to the data
collected in this experiment (described below). Second, we re-
placed each of our estimated coefficients with those taken from
Huang et al. (current image baseline: 1.094, previous image rating:
0.213, previous image baseline: —0.226). Finally, we used the
“powerSim” function to carry out power analyses, simulating new
values for the response variables using the altered model coeffi-
cients (although maintaining the same fixed and random effects
structure) and then statistically testing the simulated fit. For each
of the coefficients, the power to detect an effect of the size reported
by Huang et al. (based on 100 Monte Carlo simulations) was high:
100%, 95% confidence interval [CIL: 96.38%, 100.0%]. All exper-

1479

iments presented here were approved by either the University of
Lincoln’s School of Psychology ethics committee or Trent Uni-
versity’s ethics committee, and were carried out in accordance
with the provisions of the World Medical Association Declaration
of Helsinki.

Stimuli. One hundred female faces (all self-reported as White
ethnicity) were selected from a larger database of images used in
previous research (Kramer, Jones, & Ward, 2012; Scott, Kramer,
Jones, & Ward, 2013, 2015). These faces were chosen to span a
wide range of attractiveness levels. All images were constrained to
reflect neutral expression, eyes on the camera; consistent posture,
lighting, and distance to the camera; no glasses or make-up; and
hair back.

Before the main experiments presented here, we collected at-
tractiveness ratings of these faces from 41 participants (M,
30.2 years, SD,,. = 15.4 years; 28 women; 93% self-reported as
White), none of whom took part in the experiments that followed.
The sample size was based on previous studies using this method
of collecting baseline ratings (30 participants, Huang et al., 2018;
28 participants, Pegors et al., 2015). For each participant, the 100
images were presented online, one at a time, using the Qualtrics
survey platform (www.qualtrics.com). Responses to the question
“How attractive is this face?”” were given on a 0 (very unattractive)
to 9 (very attractive) Likert scale, and were self-paced. To mini-
mize sequential bias effects, images were presented in a random
order for each participant, and ratings were subsequently averaged
across raters for each face. The resulting attractiveness scores
(M = 3.35, SD = 0.80) were considered independent of any
particular task or stimulus history, and served as baseline stimulus
values in the experiments presented here (Huang et al., 2018;
Pegors et al., 2015).

Procedure. Participants provided demographic information
regarding their age, sex, and ethnicity. During the task itself,
participants viewed the 100 faces (image size approximately 6.8 X
10.3 c¢m), presented in a random order. For each image, partici-
pants were asked “How attractive is this face?” and provided their
response using a 0 (very unattractive) to 9 (very attractive) Likert
scale. The task was self-paced, with images remaining onscreen
until a response was given with the mouse. See Figure la for an
example.

Rather than the current image simply being replaced with the
next image after a response was given, the face was shown to move
left and off the screen as the next image in the sequence moved on
to the screen from the right-hand side, appearing similar to a
conveyor belt. Once the face arrived in the center of the screen,
participants were able to provide a rating, with the face remaining
onscreen until a response was given. (This effect was included to
highlight the order of the images, which was desirable for Exper-
iments 2 and 3, where multiple images from the sequence were
presented at any given time.) Viewing distance was not fixed.

Data analysis. The data were analyzed using linear mixed-
effects models with crossed random effects (participants and im-
ages) because each participant rated the same series of stimuli.
Therefore, participants and stimuli variance were considered at
Level 2 and residual variance at Level 1. In terms of the dataset,
each participant by image observation was the unit of analysis,
with each row of data indicating the attractiveness rating given by
that participant to that image, the image’s baseline attractiveness
(calculated from the prior ratings mentioned above), the attractive-
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How attractive is THIS face?

Very Unattractive Very Attractive

[o] (a3 (2] (3] [4] [s] [e] [7] [] [}

b

LAST How attractive is THIS face?

Very Unattractive Very Attractive

[o] [a] [2] [3] (4] [s] [s] [=] [&] [o]

LAST How attractive is THIS face? NEXT

Very Unattractive Very Attractive

[o] (o] (2] [3] [4] [s] [6] [7] [&] o]

Figure 1. An illustration of the ratings task for three of our experiments.
The number of images presented onscreen at a given time differed across
(a) Experiment 1, (b) Experiment 2, and (c) Experiment 3. See the online
article for the color version of this figure.

ness rating given by that participant to the previous image, and the
previous image’s baseline attractiveness (again, calculated from
prior ratings).

The fixed effects were the intercept, the effect of the current
image’s baseline attractiveness, the effect of the rating given to the
previous image, and the effect of the previous image’s baseline
attractiveness. Only the intercept in this model varied randomly
across images, whereas the intercept and the slopes of the current
image’s baseline attractiveness, the rating given to the previous
image, and previous image’s baseline attractiveness varied ran-
domly across participants. In addition, the covariance between
random effects was set to zero. Models using more complex
random effects structures were identified as singular (Barr, Levy,
Scheepers, & Tily, 2013). To make the intercepts more meaning-
ful, baseline attractiveness values were centered around their grand

mean. In addition, the attractiveness ratings given by participants
to the previous images were group mean centered to avoid con-
flating lower level (within-participant) and higher level (between-
participants) variance.

Modeling was carried out in IBM SPSS Statistics v25, with
multilevel analyses performed using the MIXED function. Satter-
thwaite approximation was applied for calculating degrees of
freedom, and restricted maximum likelihood was used to fit the
model.

Results

We focus on the fixed effects summarized in Table 1 (under
“combined model”). (For more information regarding the fixed
and random effects, see Table S1 in the online supplemental
materials). Examining the tests of fixed effects, we found that
ratings of the current face were, unsurprisingly, positively influ-
enced by the current face’s baseline attractiveness. That is, the
more attractive the face was considered to be by a separate sample
of raters, the higher the rating given to that face by the participant.
In addition, the rating given to the previous image was also a
positive predictor of the rating given to the current image, dem-
onstrating the presence of an assimilation effect. Finally, the
previous image’s baseline attractiveness was a negative predictor
of the rating given to the current image, representing a contrast
effect.

In line with previous research (Wells, Baguley, Sergeant, &
Dunn, 2013), we obtained estimates from an intercept-only model
regarding the proportion of variance explained by different sourc-
es: 19% for stimuli, 42% for participants, and 39% residual error.
These values highlighted the importance of including both partic-
ipants and stimuli as random factors in the model.

As noted in previous research (Huang et al., 2018; Pegors et al.,
2015), one concern with a model incorporating both the previous
image’s baseline and rated attractiveness is the presence of mul-
ticollinearity. These two predictors are expected to be correlated,
given that we know that there is substantial shared taste with
regard to judgments of facial attractiveness (Honekopp, 2006;
Kramer et al., 2018). If these variables are closely interrelated then
quantifying the relationship between each of these predictors and
the rating given to the current image is, in effect, modeling little
more than random noise (e.g., in the residuals).

Therefore, we first examined the variance inflation factor (VIF)
of each predictor, considering each by-participant regression sep-
arately. Across all values, the largest VIF was 2.91. While many
suggest that values less than 10 are not cause for concern (e.g.,
Allison, 1999; Myers, 1990), others have placed this boundary at
2.5 (e.g., Chalmers et al., 2009), and indeed, recent research has
demonstrated that even lower values can be associated with sub-
stantial confounding (Johnston, Jones, & Manley, 2018; Vatcheva,
Lee, McCormick, & Rahbar, 2016). In addition, across partici-
pants, we found large correlations between the previous image’s
baseline and rated attractiveness, mean r = .59, 95% CI [0.54,
0.63], with prior research demonstrating that lower levels of cor-
relation than this can be problematic for mixed-effects models
(Bonate, 1999; Shieh & Fouladi, 2003). Finally, carrying out a
linear mixed-effects model on all participants’ data as above, but
using the previous image’s baseline attractiveness to predict its
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Parameter Estimates for Linear Mixed-Effects Models Predicting Ratings of Attractiveness Given

to the Current Image

Combined model

Separate models

Fixed effects Estimate SE Estimate SE
Experiment 1
Intercept 4.05" 0.18
Current image baseline 0.86™ 0.07 0.86™" 0.07
Previous image rating, 0.23" 0.02 0.18™" 0.02
Previous image baseline —0.14™ 0.03 0.03 0.03
Experiment 2
Intercept 423" 0.18
Current image baseline 0.91™ 0.07 091" 0.07
Previous image rating, 0.24™ 0.02 0.19™* 0.02
Previous image baseline —0.13"" 0.03 0.07"* 0.02
Experiment 3
Intercept 4.08" 0.21
Current image baseline .01 0.08 .o 0.08
Previous image rating, 0.16™ 0.02 0.14™ 0.02
Previous image baseline —0.04 0.03 0.11* 0.03
Next image baseline —0.01 0.03 —0.01 0.03
Experiment 4
Intercept 3.46™ 0.23
Current image baseline .01 0.06 1.02"* 0.07
Previous image rating, 0.26™ 0.02 0.21" 0.02
Previous image baseline —0.14™ 0.03 0.11* 0.02
Next image baseline 0.01 0.03 0.01 0.03
Experiment 5
Intercept 4417 0.18
Current image baseline 091" 0.06 0.91" 0.06
Previous image rating, 0.26™ 0.02 0.20" 0.02
Previous image baseline -0.17" 0.03 0.05 0.03

Note.

The combined model included all fixed effects simultaneously, whereas each separate model included

only one fixed effect. Subscript “c” denotes that values were mean centered at the participant level.

*p < 0l **p < .00l

rated attractiveness, we found that the former was a strong pre-
dictor of the latter, b = 0.87, SE = 0.06, p < .001.

Given that we expected and observed that these two predictors
were highly correlated, we next carried out linear mixed-effects
models as before, although including only one of our three pre-
dictors in each separate model. As Table 1 (under “separate mod-
els”) shows, the contrast effect because of the previous image’s
baseline attractiveness was absent when this variable was included
as the only predictor of the current image rating. The predictive
value of both the current image’s baseline and the previous im-
age’s rating remained relatively unchanged.

Discussion

In line with previous research, our model including all three
predictors showed that evaluations of the current face were assim-
ilated toward those given to the previous face but contrasted away
from the value of the previous face (Huang et al., 2018; Pegors et
al., 2015). As such, raters simultaneously demonstrated assimila-
tion and contrast effects in their responding. The use of a linear
mixed-effects model, treating both participants and stimuli as
random factors, provided evidence that this pattern of results can
be generalized to other participant samples and other sets of
stimuli.

Considering the fixed effects in Table 1, it was clear that the
baseline attractiveness of the current image was the most important

predictor of the response given. Indeed, there was almost a one-
to-one relationship between the two variables: for a one-unit
increase in baseline attractiveness on the 0-9 Likert scale, re-
sponses increased by a mean of 0.86 units along this same scale. In
addition, given that all predictors were measured using the same
units and scale, the estimates could be directly compared. The
results suggested that the response given to the previous image
produced a stronger influence on the current response (a mean
increase of 0.23 units) in comparison with the previous image’s
baseline attractiveness (a mean decrease of 0.14 units), considering
only the magnitude and not the direction of the influence, z = 2.41,
p = .016 (see Paternoster, Brame, Mazerolle, & Piquero, 1998).
Simply, participants’ response biases were larger than their per-
ceptual biases, although both were present.

The model also suggested significant variability across partici-
pants in the degree to which ratings given to the current image
were influenced by the current image’s baseline attractiveness and
the ratings given to the previous image. Combined with evidence
that substantial variance in responses was explained by both par-
ticipants and stimuli, these results provided support for the need to
incorporate both participants and stimuli as random factors in
analyses.

Problematically, we found compelling evidence for multicol-
linearity within this model. We both predicted and demonstrated
that ratings given to the previous image were highly correlated
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with the previous image’s baseline attractiveness. As such, our
model incorporating both predictors did not allow for useful in-
terpretation of each one’s influence. Further, exploration of pre-
dictive models including each variable individually suggested that
the contrast effect because of the previous image’s baseline may
have been an artifact of this multicollinearity. Although previous
researchers noted their concerns regarding this issue (Huang et al.,
2018; Pegors et al., 2015), identifying low VIF values led to their
failure to pursue this further.

Reanalysis of the data collected by Huang et al. (2018, Exper-
iment 1 — available online) revealed an identical pattern of results
to the one found here: a similarly large correlation between the
previous image’s baseline and rated attractiveness for each partic-
ipant, as well as the absence of a contrast effect due to the previous
image’s baseline attractiveness when included as the only predic-
tor of ratings given to the current image.

The results of this experiment may explain why some research
has failed to find evidence of a contrast away from the previous
image’s baseline attractiveness (Taubert et al., 2016; Xia et al.,
2016). While it is possible that differences in the stimulus-
presentation duration could explain these differing patterns (Xia et
al., 2016), we also propose that statistical confounds may have
played an important role.

Experiment 2: Two Images Visible

Experiment 1 replicated previous findings of both assimilation
and contrast effects when rating the attractiveness of faces in a
sequence, although an investigation of multicollinearity called into
question the presence of a perceptual contrast effect. As with
earlier studies, participants viewed one face at a time onscreen,
with each new image replacing the previous one. However, many
contexts in the real world involve judging the current item while
the previous item remains visible. It is unclear how (and whether)
this alteration might influence sequential effects, and so the current
experiment addressed this question. As such, all details of the
procedure of Experiment 1 were reproduced here with the addition
of the previous face remaining onscreen while the current face was
being evaluated.

Method

Participants. The sample size was set to be comparable with
the number of participants used in Experiment 1. Thirty-six uni-
versity students (M, = 21.6 years, SD,,, = 6.8 years; 31 women;
86% self-reported as White) gave informed written consent before
participating in the experiment and were verbally debriefed upon
completion. Participants received course credit as compensation.
There was no overlap between this participant sample and any of
the other samples presented here.

Stimuli. The same 100 faces as in Experiment 1 were used
here.
Procedure. The same procedure as in Experiment 1 was used

here, with one exception. After providing a response for the
current face, the image moved to the left but remained onscreen as
the new image appeared from the right-hand side of the screen. As
such, ratings of the current face were given while the previous face
was still visible. The previous face was labeled “last” onscreen,
and a box appeared around the current face, to make it clear to

KRAMER AND JONES

participants as to which image they were being asked to rate. As
before, images remained onscreen until a response was given with
the mouse. See Figure 1b for an example.

Data analysis. The data were analyzed using the same model
as in Experiment 1.

Results

We focus on the fixed effects summarized in Table 1 (under
combined model). (For more information regarding the fixed and
random effects, see Table S2 in the online supplemental materials).
Examining the tests of fixed effects, we found results identical to
those of Experiment 1. Again, ratings of the current face were
positively influenced by the current face’s baseline attractiveness.
In addition, the rating given to the current image assimilated
toward the rating given to the previous image. Finally, the rating
given to the current image contrasted away from the previous
image’s baseline attractiveness. In addition, estimates obtained
from an intercept only model suggested the proportion of variance
to be 20% for stimuli, 40% for participants, and 40% residual
error.

As with Experiment 1, we again considered the issue of multi-
collinearity. Across all values for by-participant regressions, the
largest VIF was 1.94. Across participants, we found large corre-
lations between the previous image’s baseline and rated attractive-
ness, mean r = .57, 95% CI [0.54, 0.61]. Finally, carrying out a
linear mixed-effects model on all participants’ data as above, but
using the previous image’s baseline attractiveness to predict its
rated attractiveness, we found that the former was a strong pre-
dictor of the latter, b = 0.91, SE = 0.06, p < .001.

We next carried out linear mixed-effects models including only
one of our three predictors in each separate model. As Table 1
(under separate models) shows, the contrast effect due to the
previous image’s baseline attractiveness became assimilative when
this variable was included as the only predictor of the current
image’s rating. Again, the predictive value of both the current
image’s baseline and the previous image’s rating remained rela-
tively unchanged.

This assimilation due to the previous image’s baseline attrac-
tiveness was not evident in Experiment 1 but inspection of the two
coefficients in Table 1 (Experiment 1 — 0.03; Experiment 2 — 0.07)
suggests that the difference between the two experiments may not
be statistically significant. Therefore, we carried out a combined
analysis of these two models by including a fixed effect of Exper-
iment, along with an interaction between this factor and the pre-
vious image’s baseline. Our results showed no effect of Experi-
ment, #(6,915) = 1.25, p = .212, or previous image baseline,
1(7,032) = 0.38, p = .703, along with a nonsignificant interaction,
#(7,006) = 0.71, p = 476.

Discussion

The findings of this experiment replicated those of Experiment
1, again demonstrating the presence of both assimilation and
contrast effects in responding when all predictors were included in
the same model. In addition, the results of this experiment were
almost identical to those found earlier, providing evidence that the
visibility of the previous face onscreen had no effect on the nature
of the sequential biases. The current response contrasted away
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from the baseline attractiveness of the previous face, no matter
whether the previous face was visible onscreen (here) or only in
memory (Experiment 1). Indeed, the estimate of the fixed effect
across the two experiments was almost identical (Experiment
1: —0.14; Experiment 2: —0.13).

However, consideration of multicollinearity suggested issues
with including both the previous image’s baseline and rated at-
tractiveness simultaneously. In fact, when included as the only
predictor, the previous image’s baseline attractiveness produced a
statistically significant assimilation effect rather than the expected
contrast effect. This reversal in the direction of the relationship has
often been shown to be the product of multicollinearity (Mela &
Kopalle, 2002). This assimilation was not evident in Experiment 1,
although subsequent analysis, combining the two experiments,
found no difference between them and no assimilation effect. As
such, it remains unclear as to whether the continued presence
onscreen of the previous image resulted in its increased salience
when making a comparison with the current image. However, prior
research has suggested an assimilation toward the previous im-
age’s attractiveness when both faces appeared simultaneously
(Wedell et al., 1987), and so we suggest further research is needed
to better clarify the pattern of results found here.

Experiment 3: Three Images Visible

Experiments 1 and 2 provided evidence that evaluations were
assimilated toward the previous response while simultaneously
contrasting away from the previous image’s value when these
predictors were included together. Multicollinearity concerns re-
vealed that the previous image’s value had no effect when con-
sidered alone and the image was offscreen, but showed (some
evidence for) an assimilation effect when remaining onscreen
during the current trial. In many real-world situations, if the
previous item can be viewed then the next item in the sequence
will also be visible. Here, both the previous and next face appeared
onscreen as the current image was rated.

On the basis of previous research and the findings of Experi-
ment 2, one might predict assimilation of the current rating toward
the baseline values of both additional images (Wedell et al., 1987).
However, we may also find a lesser influence of the next image in
comparison with the previous image since the former has yet to be
considered by participants.

Method

Participants. The sample size was set to be comparable with
the number of participants used in previous experiments. Thirty-
five university students (M,,, = 24.3 years, SD,,. = 7.1 years; 31
women; 77% self-reported as White) gave informed written con-
sent before participating in the experiment and were verbally
debriefed upon completion. Participants received course credit as
compensation. There was no overlap between this participant
sample and any of the other samples presented here.

Stimuli. The same 100 faces as in Experiment 1 were used
here.
Procedure. The same procedure as in Experiment 2 was used

here, with one exception. While providing a response for the
current face, the next image in the sequence was visible to the
right-hand side of the screen. (As in Experiment 2, the image that
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was previously rated remained visible to the left-hand side of the
screen also.) As such, ratings of the current face were given while
the previous face and the next face were visible. The previous and
next face were labeled “last” and “next,” respectively, and a box
appeared around the current face, to make it clear to participants as
to which image they were being asked to rate. As before, images
remained onscreen until a response was given with the mouse. See
Figure 1c for an example.

Data analysis. The data were analyzed using the same model
as in Experiments 1 and 2, with the addition of the next image’s
baseline attractiveness as a fixed effect. The slope of this predictor
was also allowed to vary randomly across participants. This model
failed to converge as a result of the random slopes across partic-
ipants for the previous image’s baseline attractiveness. As such,
this predictor was removed from the model.

Results

We focus on the fixed effects summarized in Table 1 (under
combined model). (For more information regarding the fixed and
random effects, see Table S3 in the supplemental materials).
Examining the tests of fixed effects, we again found that ratings of
the current face were positively and strongly influenced by the
current face’s baseline attractiveness. In addition, the rating given
to the current image assimilated toward the rating given to the
previous image (response bias). Finally, the rating given to the
current image was not significantly predicted by the baseline
attractiveness levels of either the previous or next images. In
addition, estimates obtained from an intercept only model sug-
gested the proportion of variance to be 19% for stimuli, 40% for
participants, and 41% residual error.

As with Experiments 1 and 2, we again considered the issue of
multicollinearity. Across all values for by-participant regressions,
the largest VIF was 2.54. Across participants, we found large
correlations between the previous image’s baseline and rated at-
tractiveness, mean r = .57, 95% CI [0.54, 0.61]. Finally, carrying
out a linear mixed-effects model on all participants’ data as above,
but using the previous image’s baseline attractiveness to predict its
rated attractiveness, we found that the former was a strong pre-
dictor of the latter, » = 1.01, SE = 0.07, p < .001.

We next carried out linear mixed-effects models including only
one of our four predictors in each separate model. As Table 1
(under separate models) shows, the (nonsignificant) contrast effect
because of the previous image’s baseline attractiveness became
assimilative when this variable was included as the only predictor
of the current image rating. Again, the predictive value of both the
current image’s baseline and the previous image’s rating remained
relatively unchanged. Finally, the next image’s baseline continued
to show no influence on the current image rating.

Discussion

In line with our earlier experiments, the rating given to the
current face assimilated toward the rating given to the previous
face. Further, the baseline value of the previous image showed no
influence when considered in the combined model but showed an
assimilative effect when analyzed separately. Finally, the value of
the next face in the sequence again showed no influence on current
ratings.
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Previous research found that two images presented simultane-
ously showed assimilation in their evaluations (Wedell et al.,
1987). This bias was also evident in Experiment 2 responses when
we calculated separate models for our predictors. Presenting three
images simultaneously resulted in a continued perceptual bias due
to the previous face but no influence of the next face. The likely
explanation for this difference is that, while both faces appeared
onscreen while the current face was being judged, only the previ-
ous face had already been considered and rated. This distinction
may be an important one with regard to sequential biases and so
we sought to replicate this finding in the next experiment.

Experiment 4: All Images Visible

The results of Experiment 3 provided evidence that, when the
previous and next faces were visible during consideration of the
current face, evaluations were assimilated toward the rating given
to the previous face and the previous image’s baseline. However,
we found no influence of the next image’s baseline on current
ratings even though this face was also visible onscreen during the
trial. Here, we aimed to replicate this pattern of results, which
suggested that the assimilative effect was because of the previous
face being judged before the current face. In addition, we inves-
tigated a situation mirroring real-world decision-making in which
all 100 face images appeared onscreen during the ratings task. This
design simulated the experience provided by online dating web-
sites in which numerous “thumbnail” profile images are displayed
onscreen for ease of browsing potential partners.

Method

Participants. The sample size was set to be comparable with
the number of participants used in previous experiments. Forty-one
university students (M,,. = 21.9 years, SD,,. = 7.4 years; 32
women; 98% self-reported as White) gave informed written con-
sent before participating in the experiment and were verbally
debriefed upon completion. Participants received course credit as
compensation. There was no overlap between this participant

sample and any of the other samples presented here.

Stimuli. The same 100 faces as in Experiment 1 were used
here.
Procedure. All 100 faces were presented onscreen throughout

the ratings task. Image size was approximately 2.6 X 4.0 cm, with
the order of images randomized across participants. Faces were
rated from left to right along each row (20 images per row),
starting with the top row and following the five rows down the
screen as they progressed. The current face was highlighted by a
red border and the question onscreen asked “How attractive is the
highlighted face?” to make it clear to participants as to which
image they were being asked to rate. After a response was given
with the mouse, the border then highlighted the next face.

Data analysis. The data were analyzed using the same model
as in Experiment 3.

Results

We focus on the fixed effects summarized in Table 1 (under
combined model). (For more information regarding the fixed and
random effects, see Table S4 in the online supplemental materials.)

KRAMER AND JONES

Examining the tests of fixed effects, we again found that ratings of
the current face were positively and strongly influenced by the
current face’s baseline attractiveness. In addition, the rating given
to the current image assimilated toward the rating given to the
previous image (response bias). In contrast with Experiment 3 but
in line with Experiments 1 and 2, the rating given to the current
image was also significantly and negatively predicted by the
baseline attractiveness level of the previous image (perceptual
bias). Finally, the rating given to the current image was not
significantly predicted by the baseline attractiveness level of the
next image. In addition, estimates obtained from an intercept only
model suggested the proportion of variance to be 16% for stimuli,
50% for participants, and 34% residual error.

Again, we considered the issue of multicollinearity. Across all
values for by-participant regressions, the largest VIF was 2.39.
Across participants, we found large correlations between the pre-
vious image’s baseline and rated attractiveness, mean r = .58, 95%
CI [0.55, 0.61]. Finally, carrying out a linear mixed-effects model
on all participants’ data as above, but using the previous image’s
baseline attractiveness to predict its rated attractiveness, we found
that the former was a strong predictor of the latter, b = 1.02, SE =
0.02, p < .001.

We next carried out linear mixed-effects models including only
one of our four predictors in each separate model. As Table 1
(under separate models) shows, the contrast effect due to the
previous image’s baseline attractiveness became assimilative when
this variable was included as the only predictor of the current
image rating. Again, the predictive value of both the current
image’s baseline and the previous image’s rating remained rela-
tively unchanged. Finally, the next image’s baseline continued to
show no influence on the current image rating.

Discussion

In line with Experiments 1-3, the rating given to the current face
assimilated toward the rating given to the previous face. Further,
the previous image’s baseline showed a contrast effect within the
combined model but an assimilative effect when analyzed sepa-
rately. In line with Experiment 3, the value of the next face in the
sequence had no influence on current ratings.

These findings replicated the pattern shown in Experiment 3,
again demonstrating that the previous face influenced current
ratings while the next face failed to do so. Here, this result was
apparent when all faces in the sequence were displayed onscreen
throughout the task.

Experiment 5: Circular Ratings Scale

In Experiments 1-4, we focused on the influence of the previous
image’s baseline attractiveness. In line with previous research
(Huang et al., 2018; Pegors et al., 2015), Experiment 1 demon-
strated that presenting individual images onscreen resulted in
evaluations that were contrasted away from the value of the
previous face in the combined model, but further investigation
suggested that, in fact, the previous image baseline produced no
effect on current ratings. In Experiments 2—4, we found that the
previous image baseline produced an assimilation effect only when
it remained onscreen during the current trial. Finally, Experiments
3 and 4 demonstrated that the next face in the sequence produced
no biasing effect when displayed onscreen.
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In this final experiment, we turned our attention to the assimi-
lative influence of the previous image’s rating. So far, all of our
experiments identified a robust, positive effect. Here, we investi-
gated whether this assimilation could be prevented by attempting
to minimize action repetition.

Method

Participants. The sample size was set to be comparable with
the number of participants used in previous experiments. Forty
university students (M,,. = 20.1 years, SD,,. = 1.4 years; 34
women; 95% self-reported as White) gave informed written con-
sent before participating in the experiment and were verbally
debriefed upon completion. Participants received course credit as
compensation. There was no overlap between this participant
sample and any of the other samples presented here.

Stimuli. The same 100 faces as in Experiment 1 were used
here.
Procedure. The same general procedure as in Experiment 1

was used here. However, the ratings scale was presented in a
circular shape, centered on the face. As such, every response
option was equidistant from the center of the image. In addition, at
the beginning of each trial, the mouse cursor was relocated to this
image center, where participants were then free to move it to their
chosen response. Finally, after providing a response for the current
face, the next image simply replaced the current one (i.e., there
was no conveyor belt movement). As before, images remained
onscreen until a response was given with the mouse. See Figure 2
for an example.
Data analysis.
as in Experiment 1.

The data were analyzed using the same model

How attractive is this face?
(Very Unattractive = 0 Very Attractive = 9)

o] [o]

Figure 2. An illustration of the ratings task for Experiment 5. See the
online article for the color version of this figure.

Results

We focus on the fixed effects summarized in Table 1 (under
combined model). (For more information regarding the fixed and
random effects, see Table S5 in the online supplemental materials).
Examining the tests of fixed effects, we again found that ratings of
the current face were positively and strongly influenced by the
current face’s baseline attractiveness. In addition, the rating given
to the current image was also significantly and negatively pre-
dicted by the baseline attractiveness level of the previous image
(perceptual bias). Finally, and in contrast with the prediction for
this experiment, the rating given to the current image assimilated
toward the rating given to the previous image (response bias). In
addition, estimates obtained from an intercept only model sug-
gested the proportion of variance to be 18% for stimuli, 42% for
participants, and 40% residual error.

Again, we considered the issue of multicollinearity. Across all
values for by-participant regressions, the largest VIF was 2.96.
Across participants, we found large correlations between the pre-
vious image’s baseline and rated attractiveness, mean r = .58, 95%
CI [0.54, 0.61]. Finally, carrying out a linear mixed-effects model
on all participants’ data as above, but using the previous image’s
baseline attractiveness to predict its rated attractiveness, we found
that the former was a strong predictor of the latter, b = 0.91, SE =
0.06, p < .001.

We next carried out linear mixed-effects models including only
one of our three predictors in each separate model. As Table 1
(under separate models) shows, the assimilation effect because of
the previous image’s rated attractiveness was present. Mirroring
the pattern of results found in Experiment 1, we found no influence
of the previous image’s baseline.

Discussion

In line with Experiment 1, the rating given to the current face
assimilated toward the rating given to the previous face. Indeed,
the estimate of the fixed effect for the response bias across the two
experiments was almost identical (for the separate models: Exper-
iment 1 — 0.18; Experiment 5 — 0.20). This assimilation toward the
previous rating was not expected to occur, given the experiment’s
design in which responses were provided using a circular scale,
with the mouse cursor relocating to the center of that scale at the
start of each trial. Explanations based on action repetition often
refer to the ease with which keypresses or mouse clicks are given
when the participant simply chooses not to move their hand after
the previous response is submitted. Here, this account is ruled out.

General Discussion

Across five experiments, our initial approach using cross-
classified linear mixed-effects modeling suggested the following
pattern of results. We found a consistent response bias in all our
experiments in that ratings of the current face were assimilated
toward ratings given to the previous face. In addition, a perceptual
bias was evident in all cases with the exception of Experiment 3,
where ratings contrasted away from the baseline attractiveness
value of the previous face. Finally, Experiments 3 and 4 found no
evidence of a perceptual bias because of the presence of the next
face onscreen during judgments.
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These results generally replicate those of several previous stud-
ies exploring sequential effects with both facial attractiveness
(Huang et al., 2018; Pegors et al., 2015) and other types of
decisions (e.g., Jesteadt et al., 1977; Matthews & Stewart, 2009).
Evaluations were assimilated toward the previous response and
contrasted away from the previous item’s value. This pattern is, to
some extent, established in the literature but seemingly contradic-
tory results have also been reported. For example, when partici-
pants only responded to alternate faces (each evaluated face was
preceded by a face that was not evaluated), researchers found
assimilation toward the previous image’s value (Xia et al., 2016).
Because no response was given for the previous item, this effect
could not be because of a response bias. The authors argued that
this difference to what has commonly been found in the literature
may have been because of stimulus-presentation duration. For
shorter image presentations (1 s; Xia et al., 2016), ratings may
demonstrate assimilation effects. However, other studies have
shown contrast effects relating to the value of the previous item for
presentations as short as 4 s (Pegors et al., 2015) and 3 s (Huang
et al., 2018), casting doubt on the idea that a reversal in perceptual
bias takes place during the 1-3 s window. Indeed, images appeared
onscreen in the current set of experiments until a response was
given, demonstrating that participants showed an apparent contrast
effect in self-paced designs.

Here, we propose that difficulties with identifying the nature of
this perceptual bias are the result of statistical artifacts. In recent
research, the baseline or “true” value of each face was determined
through the prior collection and subsequent averaging of responses
given by an earlier sample of raters (Huang et al., 2018; Pegors et
al., 2015). Evidence that raters showed a large amount of agree-
ment in judgments of facial attractiveness means that this is an
intuitive method of quantifying the value of a face for any given
viewer (Honekopp, 2006; Kramer et al., 2018). As a direct result,
we expect there to be substantial agreement between a partici-
pant’s judgments and those of this prior sample. Therefore, mul-
ticollinearity will be almost inevitable. If the correlation between
the previous image’s baseline and rated attractiveness is substan-
tial then including both predictors in a model will likely result in
misleading outcomes (Bonate, 1999; Johnston et al., 2018; Mela &
Kopalle, 2002; Shieh & Fouladi, 2003; Vatcheva et al., 2016).
Here, we found across all five experiments that the influence of the
previous image’s baseline was altered when comparing its effect
within a combined versus separate model. As a result, although we
identified simultaneous assimilation and contrast effects in our
combined models, we suggest that these effects are uninterpre-
table.

Two recent articles showed that current ratings of a face were
assimilated toward ratings of the previous face while simultane-
ously contrasting away from the previous face’s baseline attrac-
tiveness (Huang et al., 2018; Pegors et al., 2015). In both cases, the
authors considered their relatively low VIF statistics to be evi-
dence that multicollinearity was not an issue. However, research-
ers have demonstrated that typical “rules of thumb” were insuffi-
cient when identifying confounding (Johnston et al., 2018;
Vatcheva et al., 2016). Indeed, further exploration of the data
featured in Huang et al. (2018) identified large correlations be-
tween the previous image’s baseline and rated attractiveness. As
such, any conclusions drawn from those studies must be called into
question.

KRAMER AND JONES

Given the presence of multicollinearity, we sought to investigate
how each predictor separately influenced current ratings. A clear
pattern of results emerged. First, ratings of the previous image
showed an assimilative effect across all five experiments. Second,
we found no influence of the next face’s baseline attractiveness
when this image was present onscreen during judgments (Exper-
iments 3 and 4). Third, the perceptual effect due to the previous
image’s baseline was always positive but only represented a sta-
tistically significant bias when the image remained onscreen dur-
ing the current trial (Experiments 2—4). Although this result is less
well supported, given the lack of a statistically significant differ-
ence between the patterns found in Experiments 1 and 2, it aligns
with previous findings, where the perceptual effect because of the
previous image was shown to be assimilative (Chang et al., 2017;
Taubert et al., 2016; Wedell et al., 1987; Xia et al., 2016).

Our findings demonstrate that it may be difficult to quantify the
independent contributions of the previous image’s baseline attrac-
tiveness, along with the rating that that image received, when
predicting the current image’s rating. It is also important to note
that the causal assumptions differ for these two predictors. The
former represents a direct influence on the current rating—the
previous image’s baseline biases our perception of the current
image. However, there is also an indirect component—the baseline
of the previous image necessarily affects our response to that
image, which in turn, is used to assess our response bias for the
current image. As such, we should consider these two predictors
within this causal framework. Our estimate of the perceptual bias
need not be adjusted for ratings of the previous face, while what is
of interest with respect to the response bias is the effect of the
previous response above and beyond the influence of the previous
image’s baseline attractiveness. Therefore, the appropriate esti-
mate for the response bias should be adjusted for the baseline
attractiveness of the previous face. This causality may provide a
clearer framework for understanding these two biases in future
research.

In the set of experiments presented here, we found that assim-
ilation toward the previous image’s value was only statistically
significant when both the previous and current images were pre-
sented onscreen (although the combined analysis presented a less
clear account). While earlier studies support this finding with
simultaneous presentation (Wedell et al., 1987), other researchers
have found an assimilative effect even when the previous image
was removed because of the presentation of the current image
(Chang et al.,, 2017; Taubert et al., 2016; Xia et al., 2016).
Although it remains unclear why assimilation was absent in our
Experiments 1 and 5, it makes intuitive sense that the strength of
the effect should be greater when the previous image is still
present, allowing direct perceptual comparison with the current
image. In addition, the intertrial interval may also play a role. Xia
and colleagues (2016) showed assimilation toward the previous
item’s value for intervals of 0—6 s. Here, using a conveyor belt-
style animation, approximately 1-2 s passed between trials. Evi-
dence suggests that longer intertrial intervals produce a decay in
the assimilation effect (Attali, 2011; Xia et al., 2016) and this
avenue of research warrants further investigation.

While the previous image’s baseline influenced current ratings
under certain conditions, we found no evidence that the next image
in the sequence had any effect on judgments when presented
onscreen. This is a novel and interesting result, suggesting that it
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was important for participants to judge the previous image (al-
though not necessarily respond to it; Chang et al., 2017) before the
current image to be influenced by it. Simply presenting the next
face was insufficient to produce a bias. Whether participants paid
either minimal or no attention to the next image remains unclear
and future studies might introduce manipulations targeted at un-
derstanding this process further.

In our final experiment, we failed to remove the response bias
caused by rating the previous image. Although a robust effect in
Experiments 1-4, along with numerous earlier studies (Huang et
al., 2018; Pegors et al., 2015), it was presumed that this bias could
at least partially be explained by action repetition or some form of
inertia on the part of the judge. For instance, participants may
provide a response that involves minimal effort in terms of finger
or mouse movements, especially on uncertain trials. However, and
surprisingly, even when responses were given orally, participants
continued to show a response bias in their attractiveness ratings
(Experiment 4; Huang et al., 2018). Here, participants in Experi-
ment 5 provided responses that were equally effortful in that, on
each trial, all choices were initially equidistant from the mouse
cursor. However, and in line with Huang et al. (2018), the response
bias continued to influence ratings. Therefore, we propose two
further mechanisms that may be worth investigating: (a) the deci-
sion to select a particular response increases the likelihood of that
response or similar being given on the next trial; and (b) activating
motor movements orally or through hand gestures makes subse-
quent activation of that movement or similar more likely on the
next trial. Future studies that are designed specifically to address
these ideas may prove fruitful in determining the underlying cause
of this bias in judgments.

The current experiments investigated sequential biases using a
different method of statistical analysis. Previous findings were
often the result of by-participant analytical approaches (Huang et
al., 2018; Pegors et al., 2015). That is, the researchers considered
participants but not images as random factors, with the result that
conclusions were not generalizable to other sets of images. This is
an important caveat because both participants and images should
be considered subsets of larger populations. Indeed, a failure to
treat images as a random effect can increase the empirical Type I
error rate (Murayama et al., 2014). Using cross-classified linear
mixed-effects models, researchers are now able to effectively
incorporate both random factors simultaneously by explicitly mod-
eling the dependencies in the data. This nonindependence is ap-
plicable because responses given by different participants to the
same image tend to be similar. Linear mixed-effects models have
now been applied to other types of sequential decisions (Zhao et
al., 2017) but have yet to be used by attractiveness researchers.

All five of the current experiments demonstrated that approxi-
mately 20% of the variance in the data was because of the stimuli,
although we note that the same stimuli were used in all these
experiments. However, intercept only models may overestimate
the importance of the random stimulus effect in the current work.
That the faces’ baseline attractiveness likely explained a substan-
tial amount of the interstimulus variability in attractiveness ratings
means that a more realistic estimate can be obtained from a model
that includes the fixed effect of baseline attractiveness. In this case,
we find that only 1-3% of the variance was because of the stimuli
in our experiments. Of course, the use of cross-classified linear
mixed-effects models remains the most appropriate strategy here
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because of the nature of the experimental design, and our recom-
mendation is that all studies of this type should incorporate these
models. Indeed, this idea has been put forward by previous re-
searchers (e.g., Judd et al., 2012; Westfall et al., 2014; Westfall et
al., 2015) and the hope is that the approach will become more
common in future publications.

In all of the experiments presented here, we found that assimi-
lation toward the previous rating (a response bias) represented a
stronger influence than the assimilation toward the previous im-
age’s value (a perceptual bias). We have discussed at length how
these two predictors inherently overlap because viewers show
substantial agreement in their judgments of facial attractiveness
(Honekopp, 2006; Kramer et al., 2018). However, it is important to
note that the influence because of the previous image’s rating
actually incorporates both response and perceptual components,
representing both the value of the previous face in the eyes of the
participant and a motor response preceding the current trial. There-
fore, this may explain why the rating given to the previous face
provided a stronger influence than its baseline attractiveness, with
the latter representing a less direct measure of the value of the face
in the eyes of the participant only. As noted, the participant’s own
judgment of the preceding face also provides a more accurate
measure of that face’s value for the participant, giving another
reason why it is likely to better predict the current trial’s rating.

Although the biases investigated here are considered in terms of
sequential effects, it is also interesting to draw parallels with the
literature on anchoring. This refers to judgments assimilating to-
ward a previously encountered standard or value. In our experi-
ments, participants recently encountered a value—their own pre-
vious response—and this may have served as an anchor for their
current response. According to the process of “anchoring and
adjustment” (Tversky & Kahneman, 1974), participants may have
adjusted from this anchor toward the “correct” value (i.e., their
perception of the current face’s attractiveness) but stopped too
soon, perhaps at the first value that seemed plausible. It appears
that there are clear parallels between anchoring and sequential
effects, and the extent to which these processes might share com-
mon mechanisms remains open to further research.

Investigating sequential decision making by presenting the pre-
vious and next item onscreen provides an exciting avenue for
further study. Indeed, many real-world sequences are displayed
visually in a way that allows access to earlier and later items, for
example, browsing a shelf of items in a store. Therefore, it may be
that in these circumstances, previous findings of perceptual biases
are significantly altered. This design also highlights an important
difference between biases in visual and other modalities—often in
real-world contexts, earlier and later items may be accessible
(visible) while the current item is being evaluated, but this is
unlikely to be true for judging sounds or tastes in a sequence.
While many studies have found commonalities in sequential biases
across modalities, there could also be limits to this generalization.
In terms of the underlying theory that is currently being developed
regarding sequential biases, it is important to determine when to
expect the presence or absence of such effects. If biases are
dependent on whether items appear onscreen and/or have been
previously judged, this suggests a crucial difference between com-
parisons with one versus multiple items during evaluative se-
quences.
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In conclusion, across five experiments, we have shown that
there is good reason to utilize a linear mixed-effects modeling
approach for this field of research. Participants and images repre-
sent subsets of a larger population, and so including both of these
as random factors is a necessary feature of any analysis. The
results of these models have called into question previous findings
of simultaneous response and perceptual biases, highlighting the
issue of multicollinearity when incorporating the previous face’s
rated and baseline attractiveness. Instead, we have demonstrated
that the current face’s attractiveness evaluation was assimilated
toward both the previous rating and the previous face’s value, with
these two predictors showing substantial overlap conceptually and
statistically. In addition, we found no evidence that the next face in
the sequence influenced current ratings when displayed onscreen.
Finally, the response bias due to the previous face remained
significant, even when explanations involving motor effort were
addressed. Taken together, these results provide a clear explana-
tion for the apparently contradictory results in the current litera-
ture, a more suitable approach for analyzing the associated data,
and an initial exploration of potential real-world sequences in
which the previous and next image are on display during the
current judgment.
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