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Abstract
Sequential effects are prominent and pervasive phenomena that exist in most perceptual judgments. Of importance, these effects
reflect dynamic aspects in our judgment bias induced by the recent context. When making successive judgments in response to a
sequence of stimuli, two opposing consequences have frequently been observed: assimilation effects – current stimuli judged as
being closer to preceding stimuli than they actually are, and contrast effects – current stimuli judged as being further from
preceding stimuli than they actually are. Although several cognitive accounts have been previously proposed, there is still a lack
of consensus on the underlying mechanism, particularly regarding the insights of the temporal dynamics. Building upon accumulating human M/EEG findings, I propose a framework to explain how sequential bias is generated, unfolded over time, and
eventually incorporated into the formation of current biased judgment. By bringing sequential effects closer to a biologically
plausible framework, this synthetic view could account for how the opposing consequences of sequential effects differentially
evolve, distinguish the effects from other perceptual phenomena with similar behavioral outcomes (such as aftereffects and
priming), and illuminate how perceptual judgment is adaptively adjusted under the impact of temporal context.
Keywords Sequential effect . Spectral power . Judgment bias . Context . Brain oscillation

Introduction
In a world that continually evolves and changes, humans constantly have to adapt their judgments in response to changing
opportunities and threats in nature. Such adaptations to a dynamic environment may result in privileged access to recent
information, particularly given that, often, little information in
the past is available that could be predictive of current judgments (Gold & Stocker, 2017). In other words, more recent
information is more likely to be relevant and may provide a
strong clue for optimizing current judgments. However, this
strategy is inevitably accompanied by systematic biases,
which can be manifested by sequential effects.
For some time, sequential effects have been one of the more
prominent and pervasive phenomena that have been reported in
the literature to exist in most perceptual judgments, especially
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when absolute information of current stimuli is not readily
available (DeCarlo & Cross, 1990; Garner, 1953; Holland &
Lockhead, 1968; Jesteadt, Luce, & Green, 1977; Lockhead,
2004; Ward & Lockhead, 1971). These effects are further
viewed as having practical implications, such as for uncovering
learning mechanisms (Jones, Curran, Mozer, & Wilder, 2013)
and diagnosing neurodevelopmental disorders (Lieder et al.,
2019). When encountering a sequence of stimuli along a given
dimension (Fig. 1A, left panel) and when human observers
have to respond to randomly presented stimuli one at a time
(a typical setting in laboratory-based experimental tasks or in
more naturalistic real-world situations, such as during online
dating (Taubert, Van der Burg, & Alais, 2016) and sport performance evaluation (Damisch, Mussweiler, & Plessner,
2006)), the judgments regarding the current stimuli are biased
by the local sequential context provided by the immediately
preceding trials and, to some extent, by the preceding trials
presented two or more trials earlier in the trial sequence. Such
sequential effects hold even when a task is designed such that
observers make choices based only on the sensory evidence at
hand and are not explicitly aware of the sequential context.
Two opposing consequences have frequently been observed either simultaneously or independently (Fig. 1A,
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Fig. 1 (A) Schematic illustration of the behavioral signatures of
sequential effects. Sequential effects can be manifested in a simple
binary choice task on a sequence of stimuli, such as a continuum of
facial expressions morphed from fear to disgust (S1 to S5, left panel).
The psychometric curve at the bottom of the left panel shows the classic
responses to the stimuli at the current trial n. As shown in the right panel,
when responses to stimuli (for example, S3) are analyzed according to the
preceding context, current stimuli are more likely to be judged as “fear” or
”disgust” following preceding stimuli S2 or S4 (assimilation) or less
likely to be judged as “fear” or ”disgust” following preceding stimuli

S1 or S5 (contrast) than they actually are (i.e., a mean collapsed response
(fear + disgust) of 50% across preceding stimulus types for S3). S, stimulus; R, response. (B) The neural signatures of sequential effects.
Sequential context-dependent power modulations occur before the onset
of the current stimulus (Time = 0) and in the low-frequency band.
Assimilation is manifested by increased power (8–30 Hz, prominent at
20–28 Hz; left panel), whereas contrast is manifested by decreased power
(10–30 Hz; right panel). The insets represent the topographies of the
effects (the left inset serves for illustration only). Adapted from Hsu
(2015) and de Lange et al. (2013), with permission

right panel). On the one hand, assimilation effects have been
obtained in which current stimuli are judged as being closer to
preceding stimuli than they actually are. On the other hand,
contrast effects have also been observed in which current
stimuli are judged as being further from preceding stimuli than
they actually are. However, despite recent renewed interest
and a long history of research into these phenomena, the
mechanism underlying sequential effects remains inconclusive. In this article, I propose an account of sequential effects
as framed primarily by recent human electroencephalography
(EEG) and magnetoencephalography (MEG) evidence and
inspired by the previously existing and influential accounts
that are briefly introduced below.

these two stimuli are perceptually similar, participants may believe that the current and the preceding stimulus are the same
(assimilation effect). In contrast, when facing two successive
stimuli that are quite perceptually dissimilar, participants tend to
judge these two stimuli as distinct (contrast effect).

Existing accounts of sequential effects
Relative-judgment account It has been thought that sequential
effects reflect the result of a comparison strategy in which relative difference information between successive items is used
to inform judgments (Stewart, Brown, & Chater, 2002).
Because the memories for earlier stimuli interfere with the judgment of the distance between two successive stimuli, when

Criterion-setting account The criterion-setting account posits
that sequential effects are mediated by two simultaneous but
opposing mechanisms acting on the criterion for trial-by-trial
perceptual judgment (Treisman & Williams, 1984). These two
mechanisms are tracking and stabilization. On the one hand, the
tracking mechanism assumes that the best evidence for the current judgment is the occurrence of recent judgments because,
by nature, the recent evidence is likely to persist and thereby
should be highly weighted. Accordingly, the criterion tends to
be lowered so that when the same stimulus appears again, it is
more likely to be correctly identified. This consequence produces assimilation to preceding responses in the current trial.
On the other hand, the stabilization mechanism assumes that
incoming sensory information can be used to appropriately position the criterion and keep it stable to maintain balanced
responding in the long run. For example, if a series of sensory
inputs all lie well above a criterion, the criterion may be too low
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in relation to the distribution of inputs. Thus, the criterion is
elevated, resulting in contrast to previous stimuli.
Selective attention, mapping, ballistic accumulator (SAMBA)
account According to the SAMBA account, attention to the
stimulus range, such as a continuum of facial expressions (Fig.
1A), is assumed to be maintained, thus yielding a limit on
performance when the stimulus range is increased, for example. When a stimulus is presented, the relative position of the
stimulus within the stimulus range is used to judge its magnitude. Specifically, given that attention is randomly distributed
across the stimulus range, stimulus magnitude is estimated by
ΣL/(ΣL +ΣU), where ΣL or ΣU, respectively, represents total
activity between the current stimulus and the lower or upper
end of the stimulus set (e.g., for the current stimulus S3: ΣL =
total activity from S1 to S3, ΣU = total activity from S3 to S5).
Contrast effects arise through reallocation of activity in the
selective attention stage. If attention is selectively directed to a
preceding stimulus (S1 in Fig. 1A as an example) that falls
within the lower range relative to the current stimulus (S3), this
will increase ΣL (e.g., increased ΣL ≈ total activity from S1 to
S4) on the current trial because additional activity is assigned
around the location of the preceding stimulus. As a result, the
current stimulus will be estimated as if it were the stimulus in
the upper range (e.g., S4 because of similar stimulus magnitudes between S4 and adjusted S3 after activity reallocation). In
other words, the current stimulus is judged as further from the
preceding stimulus. In a similar vein, if attention is selectively
directed to a preceding stimulus that falls within the upper
range, this will increase ΣU and thereby the magnitude estimate
of the current stimulus will shift in a direction closer to that of
the stimuli in the lower range. In this case, the current stimulus
is also judged as further from the preceding stimulus.
Assimilation effects arise through biased evidence accumulation on the current trial. Specifically, after the selective attention stage, the magnitude estimate of the current stimulus serves
as input to a mapping process. This process transforms stimulus
magnitude into a set of response strengths, which then drive
ballistic accumulators, one for each possible response, with the
Table 1

first accumulator to reach a threshold determining the final
choice. Here, the ballistic accumulators are evidence accumulators that accrue activation at a rate determined by the response
strengths from the mapping process. Importantly, the starting
point for each accumulator on the current trial is affected by
residual activity from a previous trial. Assimilation could be
accounted for by assuming the accumulator that won the race
on the previous trial will begin the current trial with the highest
level of the starting point. This benefits the same accumulator to
reach the threshold, thus increasing the probability that the previous response will be produced again.
Continuity-field account Recent renewed interest in sequential
effects has postulated the “continuity field,” a specific mechanism responsible for assimilative bias (Fischer & Whitney,
2014). Specifically, assimilation reflects the nature of perceptual stability through which our visual system exploits the
temporal continuity of past evidence because it tends to persist
over time, making the recent past a good predictor of the
present. This account stands in sharp contrast to widely documented negative aftereffects that represent neural adaptation
that prepares the brain for the uptake of new information. In
this view, assimilation and aftereffects reflect how the visual
system balances the need to optimize sensitivity to new changes while capitalizing on the temporal continuity of past information. Therefore, this newly emerging line of research has
frequently equated contrast effects to negative aftereffects.
Taken together, the aforementioned individual accounts
emphasize distinct processes to account for sequential effects,
as each process is built upon different cognitive constructs
(Table 1). Moreover, the relative-judgment, criterion-setting,
and continuity-field accounts regard assimilation and contrast
as two sides of a single process. In contrast, the SAMBA
account conceptualizes these two opposing biases as two
somewhat separate processes. Although each account has
been successful at explaining these two sequential consequences to different extents, there is still a lack of insight
because most accounts, except for the SAMBA account, do
not have a temporal component to track exactly how

A simplified summary of the existing accounts of the mechanisms underlying the directionality of sequential effects

Account type

Sequential effect
Driving force

Determining factor of
assimilation

Determining factor of contrast

Relative-judgment Relative difference between successive stimuli
contaminated by memory confusion
Criterion-setting
Criterion

Similarity between preceding
and current stimuli
Tracking (recent judgment)

SAMBA

Restricted information capacity

Continuity-field

Balance in the visual system

Late biased evidence
accumulation
Perceptual stability

Dissimilarity between preceding and
current stimuli
Stabilization (in relation to incoming
sensory information)
Early biased magnitude estimation
Perceptual adaptation
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sequential bias is generated, reached over time, and eventually
incorporated into the formation of current biased judgments.
Furthermore, better insight into the temporal component could
also help address a recent debate surrounding whether sequential effects operate at an early perceptual or a late decision
stage (Cicchini, Mikellidou, & Burr, 2017; Fritsche, Mostert,
& de Lange, 2017). More importantly, without bringing these
accounts closer to a more biologically plausible framework, it
will remain unknown how such temporal bias is implemented
and constrained in the human brain.

A proposed neural-based account
of sequential effects
Based on a synthesis of recent relevant behavioral and M/EEG
(which offers excellent temporal resolution of brain activity)
research, with a strong focus on the results from binary choice
tasks in the absence of performance feedback, I propose a
neural-based account of sequential effects to account for the
temporal dynamics of sequential bias. The account can be
broadly disentangled into three stages to describe (1) how
neural dynamics manifest sequential effects; (2) how sequential context per se produces such context-dependent neural
dynamics; and (3) how context-dependent neural dynamics
interact with the current stimulus, leading to assimilative and
contrastive response biases.
Sequential context-related neural dynamics as indexed by
low-frequency prestimulus power A few studies (de Lange,
Rahnev, Donner, & Lau, 2013; Hsu, 2015) have directly examined the temporal neural dynamics pertaining to sequential
context effects, as captured by time-frequency representations
of brain activity. Although these studies were conducted to
respectively investigate assimilation or contrast effects, a converging and coherent pattern surprisingly emerges despite different experimental settings in those electrophysiological
studies (Fig. 1B). First, the overall results have shown that
sequential context could elicit context-dependent power activity that precedes the onset of the current stimulus and slightly
extends to the peristimulus periods. In addition, such
prestimulus activity primarily occurs in the low-frequency
band wherein assimilation is manifested by increased power
(8–30 Hz, prominent at 20–28 Hz) and contrast is manifested
by decreased power (10–30 Hz). Moreover, the contextdependent prestimulus power alone did not ultimately determine the current judgments, as the power is independent of the
strength of current stimuli (de Lange et al., 2013; Hsu, 2015)
and the current judgments rely on the coupling strength between the context-dependent prestimulus power and subsequent decision-related activity (Hsu, 2015).
Notably, the context-related prestimulus power is manifested by a broad frequency range, mainly spanning alpha and

beta bands. This phenomenon is in line with recent evidence
reporting a temporal and spatial co-modulation of alpha and beta
rhythms (Michalareas et al., 2016) and studies indicating the
concurrent contribution of alpha and beta prestimulus power in
subsequent perceptual reports (Iemi, Chaumon, Crouzet, &
Busch, 2017; Samaha, Switzky, & Postle, 2019). Moreover,
these two rhythms may share similar functional roles and coordinate with each other, as both are thought to stabilize/maintain
ongoing processing via top-down control (Clayton, Yeung, &
Cohen Kadosh, 2018; Engel & Fries, 2010). In this view, reduction in these power activities reflect a change of ongoing states,
facilitating shifts toward alternative states, whereas enhancement
leads to intended states. In accordance with this notion, the
context-dependent prestimulus alpha in tandem with beta power
might participate in carrying cognitive information from previous trials to current trials, such that the magnitude of power
activity may signal different states of this preserved information.
Stronger power indicates the maintenance of such carry-over
information, thereby leading to increased likelihood for eventual
assimilation effects (i.e., response repetition), whereas reduced
power indicates destabilization, leading to increased likelihood
for eventual contrast effects (i.e., alternative choices). It is worth
emphasizing that although the current proposal suggests that
both alpha and beta powers subserve in maintaining ongoing
cognitive information from previous trials, this does not contradict the presence of subfunctions in this processing. Alpha might
maintain ongoing processing in response to upcoming perceptual evidence, whereas beta might maintain ongoing processing
in response to upcoming sensorimotor activity (Clayton et al.,
2018; Samaha, Gosseries, & Postle, 2017). In the next section, I
further suggest that a change of internal criterion may serve as a
potential construct that gives rise to the fluctuation of the state of
carry-over information, as indexed by the context-dependent
low-frequency prestimulus power.
The association between the context-dependent prestimulus
power and the internal criterion In past research, lowfrequency prestimulus power has been linked to several cognitive variables, especially attention (Van Diepen, Foxe, &
Mazaheri, 2019) or expectation (Summerfield & de Lange,
2014). However, in a standard experimental setting during
sequential effects, stimuli are randomly presented, and levels
of attention or expectation are not specifically manipulated.
Thus, these two factors can be reasonably assumed to show
little fluctuation during the prestimulus period. In addition, no
evidence to date has indicated that assimilation and contrast
effects reflect the results of different levels of these factors. In
this proposal, I take a step further and suggest that the internal
criterion might serve as one potential construct that produces
the fluctuation of the context-dependent prestimulus power. In
support of this hypothesis, recent studies on near-threshold
stimulus detection have suggested that the low-frequency
prestimulus power, diversely ranging from alpha to beta
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ranges, corresponded to the criterion used to commit perceptual judgment (Benwell et al., 2017; Craddock, Poliakoff, ElDeredy, Klepousniotou, & Lloyd, 2017; Iemi et al., 2017;
Kloosterman et al., 2019; Limbach & Corballis, 2016;
Wostmann, Waschke, & Obleser, 2019). This line of evidence
has consistently demonstrated that the reduced or enhanced
prestimulus power is related to a liberal (i.e., high false-alarm
rate: reporting target presence even when no target is shown)
or a conservative criterion, respectively (Fig. 2A). This view is
further corroborated by a recent behavioral study that linked
the fluctuations in alpha rhythms to the propagation of criteria
through a perceptual history (Ho, Burr, Alais, & Morrone,
2019). From this viewpoint, a sequential context is likely to
shift the internal criterion, as indexed by a change in the
context-dependent prestimulus power, which in turn, is used
to evaluate against current evidence.
Nevertheless, the neural networks underlying the contextdependent prestimulus power remain obscure. On the one hand,
the neural signatures reflecting assimilation have been found
across sensory, motor to frontal regions (Akaishi, Umeda,
Nagase, & Sakai, 2014; de Lange et al., 2013; St JohnSaaltink, Kok, Lau, & de Lange, 2016). On the other hand,
contrast-related prestimulus power has been identified over
parietal-frontal topography (Hsu, 2015). This discrepancy
may be attributed to several factors. First, for the MEG findings
(de Lange et al., 2013; Hsu, 2015), only topography was reported without additional localization of the underlying sources,
whereas for the neuroimaging findings (Akaishi et al., 2014; St
John-Saaltink et al., 2016), it is unclear to which stage of sequential bias the observed brain regions correspond due to poor
temporal resolution. Moreover, given that different stimuli and
tasks were employed in those studies, in the future, simultaneously examining the two biases under the same experimental
setting would better reveal the underlying neural networks.
Despite awaiting future clarification, the frontoparietal network might constitute one of the crucial substrates mediating
the context-dependent prestimulus power. This proposition is
formulated based on the following evidence. In animal

studies, the frontoparietal network is engaged in representing
the “decision trace” from previous trials (Hwang, Dahlen,
Mukundan, & Komiyama, 2017; Tsunada, Cohen, & Gold,
2019). From the perspective of the temporal dynamics in sequential effects, the frontoparietal network has been found to
associate with internal criterion (White, Mumford, &
Poldrack, 2012) and to be involved in biasing evidence accumulation in current trials (Mulder, van Maanen, & Forstmann,
2014), one essential temporal component in shaping sequential effects, as is discussed in the next section. From the perspective of the frequency-band mechanism underlying the
context-dependent power, beta power in the frontoparietal
network is prominently linked to the active representation of
maintained information (Antzoulatos & Miller, 2016; Spitzer
& Haegens, 2017), while alpha recruits this network for topdown influences (Clayton et al., 2018) and may reflect the
degree of biasedness of human choices (Grabot & Kayser,
2020). Overall, the frontoparietal network might be able to
mediate the state of criterion in terms of low-frequency
prestimulus power and the interaction between criterion and
current evidence, as is formalized in the next section.

Fig. 2 (A) Criterion-related neural signatures. A liberal criterion elicits
decreased power with a prestimulus time window from -610 ms to stimulus onset at frequencies of 6–22 Hz. The inset represents the topography
of the effect. The right panel depicts how the peak activity (10-Hz power)
varies according to the criterion. The red line indicates the time points

before which oscillatory activity is not contaminated by poststimulus
activity. Adapted from Iemi et al. (2017), with permission. (B) A liberal
criterion biases the drift rate at which evidence for “target-present” choice
is accumulated even when no stimulus is present. z starting point

The effect of context-dependent prestimulus power on current perceptual judgment The influential diffusion decision
model provides one valuable hint at revealing the temporal
mechanism by which the context-dependent prestimulus power can be incorporated into the formation of current judgments
(Ratcliff, Smith, Brown, & McKoon, 2016). According to the
model, perceptual judgment is characterized by the temporal
accumulation of sensory evidence from a starting point to a
boundary, and there is one boundary for each choice. A choice
is made when the evidence accumulation, as determined by its
drift rate, reaches one of the two decision boundaries.
Sequential bias can be explained by (i) shifting the starting
point (i.e., initial position of z in Fig. 2B) of accumulation
toward one of the boundaries or (ii) modulating the drift rate
(i.e., black arrows in Fig. 2B) at which evidence for a given
choice is accumulated.
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An accumulating number of findings now seem to support
the drift-bias account (Fig. 2B). Diffusion modeling of participant choice behavior has indicated that assimilation can be
captured by a bias in the rate of evidence accumulation toward
the boundary reflecting the previous choice (Urai, de Gee,
Tsetsos, & Donner, 2019). Complementing the above, by manipulating participants’ internal criteria, research
(Kloosterman et al., 2019) has shown that a liberal criterion,
accompanied by prestimulus alpha suppression, modulates the
drift-bias parameter toward target-present choices. Notably,
these results are compatible with prior findings showing that
context-dependent prestimulus power may subsequently interact with poststimulus gamma or beta activity related to current
evidence or current judgments (de Lange et al., 2013; Hsu,
2015). By referencing evidence from different domains as
outlined above, I suggest a synthetic view that through the
modulation of evidence accumulation by the internal criterion,
which is indexed by the fluctuation of context-dependent
prestimulus power, perceptual interpretation of current stimuli
could be biased toward one of the two stimulus categories.
The generative source of context-dependent prestimulus
power Both conceptually and intuitively, preceding stimuli
and preceding responses have long been considered essential
elements in guiding the directionality of sequential effects
(DeCarlo & Cross, 1990; Jesteadt et al., 1977). Because responses are inextricably intertwined with the characteristics of
the stimuli, it is challenging to parse the relationship between
the two. However, when the respective roles of preceding stimuli and preceding responses can be analytically separated, behavioral results do indicate that preceding responses are often
associated with assimilation effects (Hsu & Wu, 2019; Jones,
Love, & Maddox, 2006; Pegors, Mattar, Bryan, & Epstein,
2015), whereas preceding stimuli seem to involve contrast effects (Hsu & Wu, 2019; Pegors et al., 2015). Neural evidence

Fig. 3 The neural-based account of sequential effects. According to the
account, preceding stimuli (dashed blue line) and responses (dashed
red line) compete and differentially modulate the low-frequency
prestimulus power. Subsequently, this modulated power activity interacts
with the current evidence by biasing the rate of evidence accumulation
toward the boundary reflecting a given choice. Increased power yields a
tendency to repeat previous choices by facilitating the previous choice
(solid red line at the top of the lower right inset) or impeding the opposite

further indicates that preceding stimuli/responses are able to
reduce/elevate the low-frequency prestimulus power (de
Lange et al., 2013; Hsu, 2015), although the effects of two
preceding elements are somewhat conflated in these findings.
Notably, contrast effects would be prevalent if current stimuli
are preceded by stimuli from a different stimulus dimension
(e.g., different facial identities between successive stimuli when
performing a judgment on a continuum of facial expressions)
(Hsu & Yang, 2013; Taubert, Alais, & Burr, 2016) or by stimuli
at the ends of the stimulus range (i.e., large stimulus dissimilarity between preceding and current stimuli) (Hampton, Estes, &
Simmons, 2005). Altogether, when the recent evidence provides little or ambiguous information, it is likely that observers
may adopt a conservative criterion in an idiosyncratic manner,
such that the best estimate for the current judgment is the occurrence of recent judgments. As a result, preceding responses
may induce observers to repeat the responses in current trials,
leading to assimilative sequential bias. However, when deviant
preceding stimuli are present, for example, which signal the
fluctuation of recent evidence, observers may need to adopt a
more liberal criterion. As a result, such criterion readjustment in
response to preceding stimuli facilitates shifts toward alternative choices, leading to contrastive sequential bias. In particular,
all the influences from preceding stimuli and responses are
likely to be carried by the low-frequency prestimulus power.

Summary
In the framework of the current proposed account (Fig. 3), I
suggest that preceding stimuli and responses may compete
and differentially modulate the low-frequency prestimulus
power. As a result, the power would be either elevated or
reduced, possibly representing fluctuations in the internal criterion. Subsequently, in the face of the current stimulus, this

choice (solid red line at the bottom), thus producing assimilation; decreased power yields a tendency not to repeat previous choices by facilitating the opposite choice (solid blue line at the bottom of the lower right
inset), thus producing contrast. When current evidence conveys strong
information (dashed orange line), robust evidence accumulation might
override the drift bias. In addition, the preceding feedback or metacognition may act as an additional element, which could modulate the lowfrequency prestimulus power (dashed green line)
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modulated power activity serves as one of the sources in
forming the current perceptual judgment, as it could interact
with current evidence by biasing the rate of evidence accumulation toward the boundary reflecting a given choice.
Specifically, when the power activity is low due to strong
influence from preceding stimuli, possibly reflecting a liberal
criterion, for example, this will boost evidence accumulation
drifting toward the opposite choice as indicated in the previous section (solid blue line at the bottom of the right inset in
Fig. 3). In contrast, when the power activity is high due to a
strong influence from preceding responses, possibly reflecting
a conservative criterion, for example, the rate of evidence
accumulation either facilitates the previous choice (solid red
line at the top of the right inset) or impedes the opposite choice
(solid red line at the bottom) – whichever is more likely requires further investigation. Notably, due to its idiosyncratic
nature, assimilation relative to contrast effects appears to be
robust, as assimilation could be induced by earlier preceding
trials (Hsu & Wu, 2019). In addition, when current evidence
conveys strong information (dashed orange line), robust evidence accumulation might override the drift bias induced by
the preceding context, leading to reduced sequential effects
(de Lange et al., 2013; Hsu & Yang, 2013).

Concluding remarks
Contrast versus aftereffect and assimilation versus
priming
Notably, well-established aftereffects also resemble contrastive
bias such that current stimuli are perceived as being repulsed by
preceding adaptors (Chopin & Mamassian, 2012; Webster,
2015). In addition, perceptual priming effects could lead to
more accurate current responses after a prior exposure to a
related or identical stimulus (Wiggs & Martin, 1998), thereby
resembling assimilation. Despite sharing similar behavioral outcomes, these phenomena exhibit several distinct characteristics
compared with sequential effects. First, aftereffects or priming
are typically assessed in a test phase after an adaptation or
priming phase during which responses are often not given to
interrupt the effects of preceding stimuli. In principle, taking
face perception as an example (see Mueller, Utz, Carbon, &
Strobach, 2020, for a review), the strength of an aftereffect
grows stronger as a function of adaptation time (usually more
than seconds) but weaker as a function of test time, whereas
robust priming requires brief presentation (i.e., subsecond presentation) of both the prime and the test stimuli. Conversely,
contrast effects could be induced with subsecond stimulus durations (Hsu & Lee, 2016; Hsu & Yang, 2013), whereas assimilation has been observed using seconds of presentation time
(Pegors et al., 2015). Next, both aftereffects and priming effects
could survive with a long delay between adaptation/priming

and the test phase, even up to days or more, whereas sequential
effects are relatively labile and gradually disappear when there
is a gap of a few trials between the preceding and current stimuli. Last, aftereffects or priming seem to reflect stimulusspecific neural representations, as they have been respectively
characterized by poststimulus increases (Tikhonov, Handel,
Haarmeier, Lutzenberger, & Thier, 2007; Wang, Iliescu, Ma,
Josic, & Dragoi, 2011) or decreases (Friese, Supp, Hipp, Engel,
& Gruber, 2012; Gruber & Muller, 2002) in gamma power,
which represents a neural signature distinct from that of sequential effects as discussed here.

Generalization of the current account and future
perspectives
Although beyond the present scope, the proposed account is
potentially applicable, despite being subject to future examination, to several noted sequential-effect phenomena in other task
settings. For example, Mori and Ward (1995) found that once
feedback was provided, the effect of the previous stimulus became strong, and the effect of the previous response was reduced.
In addition, Samaha et al. (2019) found that metacognition during subjective confidence rating amplifies the size of sequential
effects. Accordingly, the present account would predict that the
preceding feedback or metacognition acts as an additional element, in addition to the preceding stimuli/responses, which could
modulate the low-frequency prestimulus power (dashed green
line in Fig. 3). As another example, in an absolute identification
task with feedback where a set of stimuli that vary on a single
physical dimension are assigned to a set of labels, the pattern of
assimilation and contrast is distinct from that during the binary
choice task. Typically, the response made on the current trial is
assimilated toward that on the immediately preceding trials,
while the current response tends to contrast with that from trials
further back in the sequence (Brown, Marley, Donkin, &
Heathcote, 2008). In this case, the account would predict high
prestimulus power induced by the immediately preceding trials,
possibly reflecting a dominant idiosyncratic assimilative bias given the increasing uncertainty resulting from multiple labels, but
anticipate low prestimulus power induced by trials further back,
possibly reflecting an enhanced effect of preceding stimuli due to
the presence of feedback (Mori & Ward, 1995).

Conclusion
In the current account, sequential effects are conceived as autonomous mechanisms to update low-frequency prestimulus power.
Especially when encountering ambiguous stimuli, the updated
power may strongly bias current judgment toward or away from
the direction of the previous choice, depending on its magnitude
calibrated by preceding stimuli and responses in an opposing
manner. Notably, the current account goes beyond existing
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findings or accounts and provides additional insights into sequential effects. First, by linking the varying magnitude of contextdependent low-frequency prestimulus power to the opposing
consequences of sequential biases, these two biases may be conceptualized as two sides of a single process and possibly mediated by the frontoparietal network. Specifically, the contextdependent prestimulus power seems to participate in maintaining
ongoing cognitive information from previous trials. A change of
internal criterion, as differentially driven by preceding stimuli or
responses, may serve as a potential construct that gives rise to the
fluctuation of the state of such cognitive trace. In this view, the
current neural-based account bears some resemblance to the
existing criterion-setting account; however, distinct from this
psychological-based account, the current neural account proposes a framework to explain the temporal dynamics that ultimately shape sequential effects. Better understanding how sequential effects unfold over time is essential, as this advance
may help address the debate regarding at which processing stage
sequential effects occur. From a neural dynamic viewpoint, sequential effects reflect a phenomenon resulting from a series of
chain events. Accordingly, either early perceptual or late decisional bias constitute only parts of a bigger temporal profile of
sequential effects. To summarize, this framework integrates research across behavioral and neurophysiological fields to offer an
account of the mechanisms motivating sequential effects, laying
the groundwork for future experiments that can illustrate how
perceptual judgment is dynamically and systematically biased
under the impact of temporal context.
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