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中 文 摘 要 ： 過往的研究已發現對事務的判斷取決於當下所處的情境。此情境效
應已在各學門如心理物理學、社會科學、管理經濟學等領域獲得廣
泛的研究。但情境效應通常會造成兩種相左的現象：其一為同化現
象，也就是當下的判斷會依附之前的判斷；其二為對比現象，也就
是當下的判斷會遠離之前的判斷。本計劃藉由一連串的行為實驗研
究之前情境是如何影響當下的決策判斷，期能了解是何種機制造成
同化或對比現象。研究結果顯示情境效應的產生端賴之前刺激物的
知覺特性以及受試者對之前刺激物的反應判斷。細究發現之前刺激
物的知覺特性會造成對比現象。反之，受試者對之前刺激物的反應
判斷會造成同化現象。進一步的研究發現，此種機制不僅在受試者
對知覺刺激物的判斷上可觀察到，在高層次的語意判斷也可發現。
因此，根據本計畫的研究結果，我們認為之前刺激物的知覺或語意
特性以及受試者對之前刺激物的判斷會影響現象對比或同化現象的
發生。

中文關鍵詞： 同化、對比、連續性效應、分類

英 文 摘 要 ： Judgments pertaining to the same target may be profoundly
influenced by the context in which they are made. Two types
of such decision bias, assimilation effects and contrast
effects, have been frequently reported in the literature
and have been a central topic in main fields, such as
psychophysics, social judgment and marketing. However, how
these two opposing consequences are determined remains
obscure. In this project, we conducted a series of
behavioral experiments to explicate the mechanisms
underlying the assimilative and contrastive consequences of
preceding effects. During categorization of a sequence of
randomly presented stimuli, categorization performance
regarding current stimuli was influenced by the local
sequential context provided by previous trials. Such
sequential effects depend on both the perceptual and
decisional component of preceding trials. When the
perceptual attributes of preceding stimuli were controlled,
the context provided by preceding responses slanted current
categorization judgment toward assimilative consequences
(assimilation effects). In contrast, when preceding
responses were held fixed, the context provided by
preceding stimuli slanted current categorization judgment
toward contrastive consequences (contrast effects).
Furthermore, this pattern of findings is not limited to
perceptual stimuli, but can be generalized at a higher
semantic level. In sum, this project suggests that the
perceptual/semantic and decisional components of preceding
trials play an important role in mediating the consequences
of preceding effects.

英文關鍵詞： Assimilation; Contrast; Sequential effect; Categorization
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摘要 

過往的研究已發現對事務的判斷取決於當下所處的情境。此情境效應已在各學門如心理物理學、社會

科學、管理經濟學等領域獲得廣泛的研究。但情境效應通常會造成兩種相左的現象：其一為同化現象，

也就是當下的判斷會依附之前的判斷；其二為對比現象，也就是當下的判斷會遠離之前的判斷。本計

劃藉由一連串的行為實驗研究之前情境是如何影響當下的決策判斷，期能了解是何種機制造成同化或

對比現象。研究結果顯示情境效應的產生端賴之前刺激物的知覺特性以及受試者對之前刺激物的反應

判斷。細究發現之前刺激物的知覺特性會造成對比現象。反之，受試者對之前刺激物的反應判斷會造

成同化現象。進一步的研究發現，此種機制不僅在受試者對知覺刺激物的判斷上可觀察到，在高層次

的語意判斷也可發現。因此，根據本計畫的研究結果，我們認為之前刺激物的知覺或語意特性以及受

試者對之前刺激物的判斷會影響現象對比或同化現象的發生。 

 

關鍵詞: 同化、對比、連續性效應、分類 

 

  



Abstract 

Judgments pertaining to the same target may be profoundly influenced by the context in which they are made. 

Two types of such decision bias, assimilation effects and contrast effects, have been frequently reported in the 

literature and have been a central topic in main fields, such as psychophysics, social judgment and marketing. 

However, how these two opposing consequences are determined remains obscure. In this project, we 

conducted a series of behavioral experiments to explicate the mechanisms underlying the assimilative and 

contrastive consequences of preceding effects. During categorization of a sequence of randomly presented 

stimuli, categorization performance regarding current stimuli was influenced by the local sequential context 

provided by previous trials. Such sequential effects depend on both the perceptual and decisional components 

of preceding trials. When the perceptual attributes of preceding stimuli were controlled, the context provided 

by preceding responses slanted current categorization judgment toward assimilative consequences 

(assimilation effects). In contrast, when preceding responses were held fixed, the context provided by 

preceding stimuli slanted current categorization judgment toward contrastive consequences (contrast effects). 

Furthermore, this pattern of findings is not limited to perceptual stimuli, but can be generalized at a higher 

semantic level. In sum, this project suggests that the perceptual/semantic and decisional components of 

preceding trials play an important role in mediating the consequences of preceding effects. 

 

Keywords: Assimilation; Contrast; Sequential effect; Categorization 



Introduction 

Classical perceptual decision-making theories often assume that there is a direct mapping 

between stimulus magnitude and corresponding perceptual judgments. From this perspective, 

the information conveyed by stimuli may serve as a sole basis for the judgments. However, 

decisions are not made in isolation. Instead, they are often situated within a rich context 

shaped by preceding material and thereby are biased. It has long been established that 

preceding contexts play a crucial role in biasing current decision-making (Helson, 1964; 

Laming, 1997; Lockhead, 2004). However, less clarity surrounds the direction of the effect of 

preceding context. On one hand, preceding context produce contrast effects in target 

judgment. For example, the same target person is judged to be less hostile when preceded by 

a hostile person (e.g., Adolf Hitler) than when preceded by a peaceful person (e.g., the pope; 

Herr, 1986). On the other hand, preceding context yields assimilation effects in target 

judgment. The length of the Mississippi river, for example, is judged to be longer if compared 

with a high rather than a low numeric standard (Jacowitz & Kahneman, 1995). In sum, two 

types of such decision bias have been frequently reported in the literature: (a) Assimilation 

effects - current stimuli are judged as closer to immediately preceding stimuli than they 

actually are, and (b) Contrast effects – current stimuli are judged as away from immediately 

preceding stimuli than they actually are. One essential issue is thus raised regarding how 

these two opposing consequences (or directions) are determined. To date, empirical evidence 

is still lacking as to explicating the mechanisms that mediate these two types of bias. 

 

Category learning research has suggested that the consequences of the effects of preceding 

context may be attributed to the perceptual/decisional components of preceding trials (Jones, 

Love, & Maddox, 2006). Indeed, the effect of preceding context seems to depend on the 

quality of preceding stimuli (i.e., the effect of the perceptual component). Previous research 

has demonstrated that during judgment on line length (Ward & Lockhead, 1971), stronger 

preceding effects could be found when the perceptual attributes of stimuli, such as the 

luminance and line length, were reduced. In support, during the magnitude estimation of a 

sequence of tones of varying loudness (Jesteadt, Luce, & Green, 1977), once the response to 

the previous stimuli was controlled, participants tended to label the same tone in a different 

manner when it was preceded by tones varying in loudness. In contrast, preceding effects also 

seem to reflect the repetition of the responses (i.e., the effect of the decisional component) 

that have been recently reinforced. In the studies of probabilistic learning, participants 

consistently exhibited a bias toward whichever response was correct on previous trials. For 

example, during a two-choice task with equal rates of reinforcement for responses A and B, 

participants’ overall rate of choosing A was 50%, but this value was 60% on trials following 

the reinforcement of A and 40% on trials following reinforcement of B (Engler, 1958).  
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In the present project, a series of experiments were carried out to investigate the 

mechanisms underlying the assimilative and contrastive consequences of preceding effects.      

In our recent study, the two opposing consequences can be concurrently observed in 

sequential effects during categorization tasks (Hsu & Lee, 2016; Hsu & Yang, 2013), 

indicating that sequential dependencies may provide a window to tap into those phenomena. 

Here, sequential effects indicate that when a sequence of stimuli is presented, the decisions 

regarding the stimuli in current trials vary according to the local sequential context shaped by 

the stimuli presented in immediately preceding trials (Garner, 1953). Taken together, this 

project aimed to examine how perceptual and decisional components of preceding trials may 

shape current categorization decisions, leading to different consequences of sequential 

effects. 

 

Experiment 1 

We firstly reanalyzed the data collected from our previous study (Hsu & Yang, 2013) to probe 

the roles of perceptual and decisional influences of preceding trials on current decisions.  

 

Method 

Participants.  Fifteen right-handed participants without past neurological or psychiatric 

history participated in this experiment. All had normal or corrected-to-normal vision and 

provided their written informed consent. 

 

Stimuli.  Ten continua of morphed facial expressions from fear to disgust were created 

using FantaMorph (Abrosoft). In each continuum, a disgusted prototype was morphed 

10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% and 90% of the physical distance to an 

identity-matched fearful prototype, resulting in 11 face images (i.e., fearful and 

disgusted prototypes, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 70:30, 80:20 and 

10:90 fear-disgust morphed faces). The prototypical expressions of fear and disgust 

were selected from FEEST (Young, Perrett, Calder, Sprengelmeyer, & Ekman, 2002). 

A total of 110 face stimuli were used (10 continua of different identities × 11 stimuli per 

continuum). The face images subtended a horizontal visual angle of 6.8° and a vertical angle 

of 8.6° around the center of the screen. The viewing distance was 60 cm. 

 

Procedure.  Each trial began with a 600-ms fixation cross located in the center of the screen, 

followed by a 400-ms presentation of a facial expression. A blank screen was presented 

at the offset of the face stimulus and participants were instructed to categorize whether 

the face was fearful or disgusted via a key press with no time limitation. Performance 

feedback was not provided during the experiment. The key press initiated a new trial after 

a 500-ms inter-trial interval. Trials were blocked by continua. In other words,  
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participants had to complete 10 blocks, with a break between blocks. Within each block, 

the order of face stimuli from the same continuum was randomized.  Each face was 

repeated 9 times, resulting in a total of 99 trials in each block (9 repetitions x 11 

expressions per continuum). To acquaint the participants with the procedure, the 

experiment began with 1-2 blocks of practice trials, with different sets of face 

continua not being used in the experiment. 

 

Results 

Categorization data of expression continua.  For each expression continuum, categorization 

data were calculated as the percentage of choices corresponding to the “fear” or “disgust” 

emotion category for each morphed face (Fig. 1). Responses to stimuli at the same morph 

steps were averaged, irrespective of their sequential context. Although the exact data patterns 

varied across continua and participants, a highly consistent picture emerged. In accord with 

previous evidence (Hsu & Yang, 2013), the categorization data of each continuum fell into 

two clear regions with an abrupt category shift, and each region belonged to the emotion 

category that corresponded to the prototype at that end. In general, a morphed face blended 

with more elements of fear or disgust from the prototypes, i.e., a smaller distance between the 

prototype and the morphed face, was more likely to be categorized as “fear” or “disgust”, 

respectively.  

 

To control for the variability in the locations of the fear-disgust borderline across continua 

and participants so as to properly examine the effect of sequential context, we chose to 

analyze three types of face images from each emotion category: the prototypes (P-face), the 

morphs close to the category boundary (B-face), and the morphs lying at the mid-points of 

the P-and B-faces (M-face). These faces were all highly recognizable and were judged as 

belonging to a distinct emotion category with categorization rates above 77.78% for each 

continuum and each individual (P-face: mean ± SEM = 95.59 ± 0.88%, after collapsing 

across continua, emotion categories, and participants; M-face: 94.56 ± 0.66%; B-face: 87.95 

± 0.73%). The gray bars in Fig. 1 illustrate an example of how these target faces were 

selected. 
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Figure 1. An example of the categorization data. The data were taken from one of fear-disgust 

continua from a single participant. The expression continuum ranges from the prototypical expression 

of fear to the prototypical expression of disgust in 10 morphing steps. It should be noted that 

depending on the continua and individuals, the exact location of a category boundary was between 

70:30 and 30:70 fear-disgust morphs. The gray bars indicate the expression stimuli selected for 

analyzing sequential effects. The notations P, M and B represent the P-, M- and B-faces, respectively. 

 

The role of the perceptual component of preceding trials.  Because evidence has shown that 

sequential contexts exert the strongest influence on the categorization of ambiguous stimuli 

(Hampton, Estes, & Simmons, 2005; Stewart, Brown, & Chater, 2002; Zotov, Jones, & 

Mewhort, 2011), all of our analyses focused exclusively on ambiguous expressions at the 

boundaries between two emotion categories, where the percentages of “fear” and “disgust” 

responses were approximately 50%. The proportion of “fear” responses to the ambiguous 

faces were first analyzed as a function of the preceding stimuli (Fig. 2). Next, the obtained 

results were collapsed across continua. The preceding stimuli were the previously selected 

P-faces, M-faces, and B-faces, depending on whether preceding stimuli were from the “fear” 

emotion category (white zone) or from the “disgust” category (gray zone).  

 

To examine whether the perceptual component of preceding trials shaped categorization 
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responses to the faces in current trials, only preceding stimuli whose categorization responses 

were modal responses were considered. Here, modal responses were defined as the dominant 

or the majority category choices that participants assigned to a given face stimulus. As a 

result, the effect of previous responses could be controlled because all the preceding stimuli 

were associated with the same response (“disgust” in the gray zone or “fear” in the white 

zone) but differed in their perceptual distance to the current faces. In turn, the effect of the 

perceptual component could be isolated and studied. When the preceding faces originated 

from the “fear” emotion category (the white zone in Fig. 2), the proportion of the “fear” 

categorization judgments of the current ambiguous faces were increased, with decreasing 

relative distance between the preceding and current faces (linear trend analysis, F(1,14) = 

30.57, p < 0.001). Conversely, when the preceding stimuli originated from the “disgust” 

category (gray zone in Fig. 2), the proportion of the “fear” responses to the current 

ambiguous faces were increased (F(1, 14) = 20.85, p < 0.001), with increasing relative 

distance between the preceding and current faces. 

  

Figure 2. The effect of the perceptual component of preceding stimuli on the “fear” responses to 

current ambiguous faces. Only preceding stimuli with modal responses were considered to control the 

effect of preceding responses. The white zone indicates that the preceding stimuli are from the “fear” 

emotion category, whereas the gray zone indicates that the preceding stimuli are from the “disgust” 

category. The solid or dashed circles, respectively, represent the distant preceding expressions from 

the “disgust” or “fear” categories, whereas the solid or dashed squares, respectively, represent the 

nearby preceding expressions from the two categories. Error bars represent ±SEM. 

 

The above data showed that there was decreased accuracy to the current ambiguous faces 

after more distant expressions from the same category or increased accuracy to the current 

ambiguous faces after more distant expressions from the opposite category. This pattern 
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provides evidence for contrast effects when the relative distance between the preceding and 

current expressions was increasingly large, given that the current stimulus was more likely to 

be judged as away from the category of the distant preceding stimulus. However, a 

complementary indication of the present results is that responses to the current ambiguous 

faces were more accurate after more nearby preceding expressions from the same category, or 

more errors were induced after more nearby preceding expressions from the opposite 

category. In this view, when the relative distance was increasingly small, the current stimulus 

was judged as close to the category of the nearby preceding stimulus. This suggests that the 

findings of this experiment could be alternatively explained in terms of assimilation effects. 

 

To clarity whether the findings were due to assimilation effects, contrast effects or both, we 

examined responses to the current expressions that were preceded by a member of one 

category relative to after preceded by a member of the other category. Because contrast 

effects could be observed when the relative distance between successive expressions was 

large, we expected that participants would classify current stimuli as further from the 

category of the distant preceding stimuli. Indeed, the present results showed more “fear” 

responses to the current ambiguous faces after the distant P-faces from the “disgust” category 

(solid circle in Fig. 2) than after the distant P-faces from the “fear” category (dashed circle; 

paired t-test; paired t-test, t(14) = 2.62, p = 0.02). Given that our previous findings also 

revealed a possible involvement of assimilation effects when the relative distance was small, 

we expected that participants would classify current stimuli as close to the category of the 

nearby preceding stimuli. As expected, more “fear” responses to the current ambiguous faces 

were observed after the nearby B-faces from the “disgust” category (dashed square in Fig. 2) 

than by the nearby B-faces from the opposite category (solid square; t(14) = 6.32, p < 0.001).  

 

The role of the decisional component of preceding trials.  To examine whether the decisional 

component of preceding trials affected categorization judgment of current stimuli, we 

analyzed how the “fear” responses to the ambiguous faces varied when preceded by 

ambiguous faces associated with “fear” and “disgust” responses, respectively. Because the 

perceptual attributes of preceding stimuli (i.e., ambiguous faces) remained constant but the 

associated responses differed, we reasoned that the effect of the perceptual component could 

be controlled and in turn, the effect of the decisional component could be isolated. For this 

analysis, ambiguous faces in preceding trials were chosen because they provide a sufficient 

number of both the “fear” and “disgust” responses for analysis. The results showed that 

participants were more likely to repeat previous responses (Fig. 3; paired t-test, t(14) = 9.86, 

p < 0.001). In other words, they were biased to assimilate current responses towards the 

category membership assigned to the preceding ambiguous expressions. 
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Figure 3. The effect of the decisional component of preceding stimuli on the “fear” responses to 

current ambiguous faces. The responses were sorted according to whether the preceding stimuli were 

categorized as “fear” or “disgust”. Only ambiguous faces were considered as the preceding stimuli 

to control the effect of the perceptual component of preceding trials. Error bars represent ±SEM. 

 

Discussion 

During categorization of a sequence of randomly presented expressions, categorization 

performance regarding current expressions was influenced by the local sequential context 

provided by previous trials. Such sequential effects depend on both the perceptual and 

decisional components of preceding trials. When the perceptual attributes of preceding 

stimuli are controlled, the context provided by preceding responses may slant current 

categorization judgment toward assimilative consequences (assimilation effects). When 

preceding responses are controlled, relative distance between two successive stimuli may 

determine how current expressions were categorized. Intriguingly, two types of categorization 

biases were likely to be equally involved in this context. On one hand, when the relative 

distance between two successive expressions was relatively large, participants were biased to 

categorize the current expressions as away from the category of the immediately preceding 

expressions (contrast effects). On the other hand, when the relative distance was relatively 

small, participants were biased to assimilate responses towards the category of the preceding 

expressions (assimilation effects).  

 

Experiment 2 

Experiment 2 aimed to further examine the respective roles of perceptual and decisional 

components of preceding trials in current decisions. Given that the perceptual component of 

preceding trials may result in both assimilation and contrast effects, in this experiment, we 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

"fear" response "disgust" response

Th
e

 p
ro

p
o

rt
io

n
 o

f 
"f

e
ar

" 
re

sp
o

n
se

s 

Responses of preceding stimuli 



 

    

11 

 

manipulated perceptual attributes of stimuli by reducing the presentation time to explore to 

what extent the consequence of sequential effects may depend on the perceptual component 

of preceding trials.  

 

Method 

Participants.  Fifteen right-handed participants without past neurological or psychiatric 

history participated in the experiment. All had normal or corrected-to-normal vision and 

provided their written informed consent. 

 

Stimuli and procedure.  The stimuli and procedure were as in Experiment 1, with the 

exception that the faces were presented for only 33 ms. 

 

Results  

Categorization data of expression continua.  As before, for each continuum, categorization 

data were calculated as the percentage of choices corresponding to the “fear” or “disgust” 

emotion category for the individual morphed faces. The categorization data for each 

continuum also fell into two clear regions, each of which belonged to the emotion category 

corresponding to the prototype at that end. Moreover, three types of face images from each 

emotion category were selected as preceding stimuli. 

 

The role of the perceptual component of preceding trials. Similarly, we only considered 

preceding stimuli whose categorization responses were modal responses to control the effects 

of preceding responses. A somewhat different pattern of results was found as compared with 

those obtained in Experiment 1 (Fig. 4). A linear relationship between relative distances and 

categorization performance was found only when the ambiguous expression was preceded by 

the faces originated from the “disgust” category (the gray zone; linear trend analysis, F(1,14) 

= 5.95, p = 0.029), but not by the faces originated from the “fear” category (the white zone; 

linear trend analysis, F(1,14) = 1.45, p = 0.24). This finding indicates that the proportion of 

the “fear” categorization judgment on the current ambiguous faces was linearly increased 

with increasing relative distances between the current and preceding stimuli.  
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Figure 4. The effect of the perceptual component of preceding stimuli on the “fear” responses to 

current briefly-presented ambiguous face. Only preceding stimuli with modal responses were 

considered to control the effect of preceding responses. The white zone indicates that the preceding 

stimuli are from the “fear” emotion category, whereas the gray zone indicates that the preceding 

stimuli are from the “disgust” category. The solid or dashed circles, respectively, represent the distant 

preceding expressions from the “disgust” or “fear” categories, whereas the solid or dashed squares, 

respectively, represent the nearby preceding expressions from the two categories. Error bars represent 

±SEM. 

 

Further analyses revealed that the proportion of the “fear” responses to the current 

ambiguous faces were enhanced after the nearby B-faces from the “fear” category (dashed 

square in Fig. 4) than after the nearby B-faces from the “disgust” category (solid square; 

paired t-test, t(14) = 3.37, p = 0.005). This finding indicates that participants were biased to 

categorize the current expressions as close to the category of the near preceding expressions 

(assimilation effect). In contrast to the results obtained in Experiment 1, no contrast effect 

was observed, as there was no significant difference in the proportions of the “fear” responses 

when the current expressions followed the distant P-faces from the “disgust” category (solid 

circle) or the distant P-faces from the “fear” category (dashed circle; t(14) = 1.47, p = 0.16). 

 

The role of the decisional component of preceding trials. As in Experiment 1, the 

proportion of the “fear” responses to the current ambiguous expressions were higher 

following preceding “fear” responses compared with following preceding “disgust” responses 

(Fig. 5; solid square; paired t-test, t(14) = 7.42, p < 0.001). Accordingly, when the 

expressions were briefly presented, participants also tended to assimilate current responses 

towards the category of the preceding ambiguous expressions.  
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Figure 5. The effect of the decisional component of preceding stimuli on the “fear” responses to 

current briefly-presented ambiguous faces. The responses were sorted according to whether the 

preceding stimuli were categorized as “fear” or “disgust”. Only ambiguous faces were considered as 

the preceding stimuli to control the effect of the perceptual component of preceding trials. Error bars 

represent ±SEM. 

 

Discussion 

As compared with the results reported in Exp. 1, this experiment revealed that a brief 

presentation of a stimulus may diminish contrast effects while assimilation effects remain 

intact. These findings suggest that contrast effects are tightly linked to the perceptual quality 

of stimuli. In contrast, assimilation effects are more associated with preceding responses, 

because the manipulation of the perceptual component of preceding trials has little impact on 

the effects.  

 

Experiment 3 

Experiment 3 was set out to examine whether the obtained findings are limited to 

perceptual stimuli, or can be generalized at a higher semantic level. Accordingly, in this 

experiment, continua of perceptual stimuli were replaced with continua of numerical stimuli, 

whereas the rest of the design would closely mimic those in previous experiments.  

 

Method 

Participants.  Fifteen right-handed participants without past neurological or psychiatric 

history participated in this experiment. All had normal or corrected-to-normal vision and 

provided their written informed consent. 
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Stimuli.  We modified the design of a previous research (Mussweiler & Strack, 1999). As 

shown in Table 1, participants were presented with 5 questions. For each question, there were 

9 potential answers forming an answer continuum. To ensure that participants did not 

familiarize and then habituated to those answers, the values of the answers were not fixed but 

randomly generated within a small range.  

Question Actual 

answer 

Continua of answers 1-9 

Antarctic: mean temperature in winter (℃) -68 1: (-178 to -152), 2: (-151 to -125), 3: (-124 to -98), 

4: (-97 to -71), 5: (-70 to -44), 6: (-43 to -17), 7: (-16 

to 10), 8: (11 to 37), 9: (36 to 64) 

Gandhi: age 78 1: (1 to 15), 2: (16 to 31), 3: (32 to 47), 4: (48 to 63), 

5: (64 to 79), 6: (80 to 95), 7: (96 to 111), 8: (112 to 

127), 9: (128 to 143) 

Whale: length (m) 33 1: (0.1 to 0.4), 2: (0.5 to 0.9), 3: (1 to 7), 4: (8 to 13), 

5: (14 to 20), 6: (21 to 49), 7: (50 to 78), 8: (79 to 

107), 9: (108 to 136) 

Einstein: year of first visit to United States 1921 1: (1730 to 1764), 2: (1765 to 1799), 3: (1800 to 

1834), 4: (1835 to 1869), 5: (1870 to 1904), 6: (1905 

to 1939), 7: (1940 to 1965), 8: (1966 to 1997), 9: 

(1992 to 2016) 

Aristotle: year of birth -322 1: (-1574 to -1304), 2: (-1303 to -1033), 3: (-1032 to 

-762), 4: (-761 to -491), 5: (-490 to -220), 6: (-119 to 

151), 7: (152 to 422), 8: (423 to 693), 9: (694 to 964) 

Table 1. The stimuli used in Experiment 3. 

 

Procedure.  Participants had to complete 5 blocks, one block for each question and they 

were informed the question before the start of each block. Within each block, the order of 

9 numerical stimuli (i.e., potential answers) from the same continuum was 

randomized. Each answer was repeated 9 times, resulting in a total of 81 trials in 

each block (9 repetitions x 9 answers per continuum).  

 

Each trial began with a 600-ms fixation cross located in the center of the screen, followed 

by a 400-ms presentation of a potential answer. A blank screen was presented at the 

offset of the face stimulus and participants were instructed to categorize whether the 

provided answer was high or low to describe the question of the block via a key press 

within 2 seconds. Performance feedback was not provided during the experiment. The key 

press initiated a new trial after a 1000 ms inter-trial interval.  
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Results 

Categorization data of answer continua.  For each question, categorization data of the 

corresponding answer continuum were calculated as the percentage of choices corresponding 

to the “high” or “low” response category for each potential answer (Fig. 6). Responses to 

each answer were averaged, irrespective of their sequential context. Similarly, although the 

exact data patterns varied across continua and participants, a consistent pattern also emerged, 

in which the categorization data of each continuum fell into two clear regions with an abrupt 

category shift, and each region belonged to the “high” or “low” category. 

 

As before, to control for the variability in the locations of the borderline across continua 

and participants so as to properly examine the effect of sequential context, we chose to 

analyze three types of answers from each category: the answers at both ends of a continuum 

(P-answer), the answers close to the category boundary (B-answer), and the answers closer to 

the B-answers (M-answer). These stimuli were all highly recognizable and were judged as 

belonging to a distinct category for each continuum and each individual. The gray bars in Fig. 

6 illustrate an example of how these stimuli were selected. 

 

 

Figure 6. Categorization data for the answer continuum. Data were obtained after being collapsed 

across the participants. The continuum expresses 9 potential answers as indicated in Table 1. It 

should be noted that depending on the continua and participants, the exact location of a category 

boundary varies. The gray bars indicate the answer stimuli selected to analyze sequential effects. The 

notations P, M and B represent the P-, M- and B-answers, respectively. 
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The role of the perceptual component of preceding trials.  In accord with previous 

experiments, we analyzed to what extent current judgment on ambiguous answers would be 

influenced, respectively, by the perceptual and decisional components of preceding trials. To 

this end, the “high” responses to the ambiguous answers were analyzed as a function of the 

preceding stimuli (Fig. 7). Next, the obtained results were collapsed across continua. The 

preceding stimuli were the previously selected P-answers, M-answers, and B-answers, 

depending on whether preceding stimuli were from the “high” response category (white zone) 

or from the “low” category (gray zone).  

 

To isolate the role of the perceptual component of preceding trials in categorization 

responses to the answers provided in current trials, we only considered preceding stimuli 

whose categorization responses were modal responses as in previous experiments. Distinct 

from previous results in Exp. 1 and 2, the proportion of the “high” categorization judgments 

of the current ambiguous answers did not significantly differ as a function of preceding 

stimulus type, no matter when the preceding faces originated from the “high” response 

category (the white zone in Fig. 7; F(1,14) = 1.18, p = 0.32) or from the “low” response 

category (gray zone in Fig. 7; F(1, 14) = 1.48, p = 0.24). 

  

Figure 7. The effect of the perceptual component of preceding stimuli on the “high” responses to 

current ambiguous answers. Only preceding stimuli with modal responses were considered to control 

the effect of preceding responses. The white zone indicates that the preceding stimuli are from the 

“high” response category, whereas the gray zone indicates that the preceding stimuli are from the 

“low” category. The solid or dashed circles, respectively, represent the distant preceding answers 

from the “low” or “high” categories, whereas the solid or dashed squares, respectively, represent the 

nearby preceding answers from the two categories. Error bars represent ±SEM. 
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In contrast to the results reported in Exp. 2, contrast effects were observed in this 

experiment, as there was an increased proportion of “high” responses to the current 

ambiguous answers after the distant P-answers from the “low” category (solid circle in Fig. 2) 

relative to when preceded by the distant P-answers from the “high” category (dashed circle; 

paired t-test, t(14) = 3.54, p = 0.003). However, no assimilation effect was found. The 

proportion of “high” responses to the ambiguous answers were comparable after the nearby 

B-answers from the “low” category (dashed square in Fig. 2) and after the nearby B-answers 

from the opposite category (solid square; t(14) = 0.21, p = 0.84).  

 

The role of the decisional component of preceding trials.  To examine whether the 

decisional component of preceding trials affected categorization judgment of current stimuli, 

we analyzed how the “high” responses to the ambiguous answers varied when preceded by 

ambiguous answers associated with “high” and “low” responses, respectively (Fig. 8). In line 

with the results in Exp. 1 and 2, participants were more likely to repeat previous responses 

(paired t-test, t(14) = 2.78, p < 0.02). In other words, they were biased to assimilate current 

responses towards the category membership assigned to the preceding ambiguous 

expressions. 

 

Figure 8. The effect of the decisional component of preceding stimuli on the “high” responses to 

current ambiguous answers. The responses were sorted according to whether the preceding stimuli 

were categorized as “high” or “low”. Only ambiguous answers were considered as the preceding 

stimuli to control the effect of the perceptual component of preceding trials. Error bars represent 

±SEM. 

 

Discussion 

During categorization of a sequence of randomly presented semantic stimuli, categorization 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

"high" response "low" response

Th
e

 p
ro

p
o

rt
io

n
 o

f 
"h

ig
h

" 
re

sp
o

n
se

s 

Responses of preceding stimuli 



 

    

18 

 

performance regarding current stimuli was influenced by the local sequential context 

provided by previous trials. Such semantic sequential effects also depend on both the 

perceptual and decisional components of preceding trials. When the semantic attributes of the 

stimuli are controlled, the context provided by preceding responses may slant current 

categorization judgment toward assimilative consequences. When preceding responses are 

held fixed, the context provided by preceding stimuli may slant current categorization 

judgment toward contrastive consequences.  

 

Conclusion 

One difficulty with studying the role of perceptual and decisional components in the 

directions of sequential effects is that repeated instances of the same stimulus always lie in 

the same category. This phenomenon produces a confounding between previous stimuli and 

responses that makes the decisional and perceptual effects difficult or impossible to 

separately identify. To break the relationship between stimulus and response, we assess the 

effect of the previous category while the previous stimulus is held constant, giving a measure 

of the decisional sequential effect. Reciprocally, we evaluate the effect of the previous 

stimulus while controlling for the previous response provides a measurement of the 

perceptual sequential effect. 

 

The overall results point towards a consistent pattern, in which assimilation effects may 

result from preceding responses. Specifically, participants exhibit a tendency to repeat their 

categorization judgment. In contrast, contrast effects are related to the nature of preceding 

stimuli. When perceptual quality of the stimuli is rendered poor, contrast effects diminish. 

Intriguingly, this pattern of findings is not limited to perceptual stimuli. Rather, we suggest 

that our findings are a general phenomenon and can be extend to at a semantic level of 

categorization judgment as demonstrated in Exp. 3.  
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