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A B S T R A C T   

Previous research has focused on the event-related potential of the old/new effect, but the mechanism for 
cognitive conflict and subsequent integration processing both induced by intermixed (old and new) stimuli have 
not been widely researched. This paper describes the effect of familiar stimuli mixed with new information and 
presented as intermixed stimuli. Three conditions were set within a study-test paradigm incorporating old, new, 
and intermixed conditions. The intermixed condition resulted in the lowest accuracy, thereby implying the 
greatest old/new effect. Moreover, compared with the old condition, the intermixed condition elicited a greater 
N270 as well as a stronger N400, while the new condition only induced a stronger N270. These results elucidate 
that when new information is intermixed with old information, the old/new effect is more pronounced, indi-
cating that intermixed stimuli are possibly more difficult to integrate than old and new stimuli.   

1. Introduction 

Numerous studies have made substantial and constructive in-
vestigations into the event-related potential (ERP) old/new memory 
effect, which occurs when unstudied (new) stimuli trigger a more 
negative waveform than studied (old) stimuli (Curran & Cleary, 2003; 
Hayama et al., 2008; Rugg & Curran, 2007). The most common 
perspective that has emerged from studies of this effect is that it is 
indicative of a dual-process model of recognition memory (familiar-
ity-based and recollection-based). The cognitive conflict was defined as 
the simultaneous activation of incompatible and competing represen-
tations (Botvinick et al., 2004) and the subsequent integration pro-
cessing, referring to processing that integrated information from 
different sources (Badre & Wagner, 2004), both being induced by the 
old/new information (mismatch between old and new information), has 
not been widely addressed in the literature. Thus, we designed a novel 
investigative approach that focuses on the form of information inducing 
cognitive conflict. Furthermore, processing an old/new conflict involved 
both conflict monitoring and integration as required by the old and new 
stimuli, and these separately reflected on the N2 (Mograss et al., 2009; 
Proverbio et al., 2019) and N400 components (Fang & Perfetti, 2017; 
Stuellein et al., 2016). N2 was a negative wave that peaked between 200 

and 350 ms after the onset of stimuli (Folstein and Van Petten, 2008) and 
N400 was a negative wave that peaked between 200 and 600 ms after 
the onset of the stimuli (Kutas & Federmeier, 2011). These existing 
studies have used old or new stimuli as the conditions but did not use a 
mixed condition with old and new information. Consequently, the 
motivation for our current study was that we used intermixed conditions 
to unravel the ERP effect of conflict monitoring and integration. 

The intermixed condition can be exemplified by the example of a 
familiar friend, who always wears a sports jacket whenever you meet, 
but one day you see that he is wearing a dress suit. In this situation, you 
may experience cognitive conflict, as the dress suit does not match his 
usual clothing style. Previous research has emphasized that individuals 
with cognitive conflict had a greater N2 (Veen & Carter, 2002), indi-
cating that N2 was an index of conflict monitoring (Folstein & Van 
Petten, 2008; Zhou et al., 2018). Additionally, Mograss et al. (2009) 
associated N2 with old/new discrimination, where the new stimuli 
induced a larger N2 compared to old stimuli. Proverbio et al. (2019) face 
recognition experiment supported Mograss et al.’s (2009) findings. The 
N270, part of the N2, reflected two types of conflict monitoring: the 
conflict between two external stimuli and the conflict between memory 
representation and external stimulus (Wang et al., 2000). In addition, 
the N270 generally appeared during semantic processing and 
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non-semantic conflicts. In their study, Szucs et al. (2007) found that a 
larger N270 occurred under conditions of conflict in both color recog-
nition tasks (non-semantic) and category recognition tasks (semantic), 
indicating that the N270 effect appeared in detecting the conflict be-
tween prior and present stimuli. In addition, the conflict eliciting N270 
was generated by various types of stimuli such as shape, color, spatial 
location, and simple arithmetic tasks (Bennett et al., 2014). All these 
studies and several others (Wang et al., 2003; Wang et al., 2004; Wang 
et al., 2018) proposed that conflict between current stimulus and pre-
vious stimulus (memory), played significant roles in the elicitation of 
N270. Although prior research has generated a wealth of insights into 
N270 as an index of conflict detection, there is little understanding of 
how a mixture of old and new stimuli is processed by individuals; and 
whether individuals classify them as old or new stimuli. 

Specifically, familiarity, a way of recognition memory, was one of 
the key factors to induce cognitive conflict (Schumacher et al., 2010). In 
the current research, participants temporarily and firmly memorized the 
relationships between target and origin words in the study phase of a 
“study-test” paradigm (Finnigan et al., 2002). In the test phase, partic-
ipants were familiar with the target and origin words in the old condi-
tion (e.g., old target word “分” and old origin word “盆”), which may not 
elicit participants’ cognitive conflicts and prompt N270. However, an 
intermixed condition (e.g., a new target word “为” and an old origin 
word “盆”) could evoke a stronger N270 than the old condition. The 
participants were familiar with the relationships between the old target 
word and the old origin word from the study phase, thus the new target 
word did not match with the old origin word, inducing cognitive con-
flict. In the new condition, the new target word was purposely not 
matched with the old origin word (e.g., new target word “力” and new 
origin word “务”) to induce cognitive conflict and result in a larger N270 
than in the old condition. The participants were unfamiliar with the 
relationships in the new condition and experienced mismatch, as the 
target and the origin words had not yet been studied. We proposed that if 
individuals classify intermixed stimuli as new stimuli, then the N270 
induced by intermixed stimuli may be stronger than when it is induced 
by old stimuli. Conversely, there will be no prominent difference be-
tween the intermixed and new stimuli. 

The recent burgeoning of research on N400 has been indicative of a 
growing conviction that N400 appeared in integration processing (Fang 
& Perfetti, 2017; Li et al., 2008; Stuellein et al., 2016). Correspondingly, 
research showing that N400 was greater in processing new stimuli 
compared with old stimuli has grown since the early 2000s (Hagoort 
et al., 2004; Kutas & Federmeier, 2011; Zhou et al., 2018). Likewise, a 
semantic study suggested that novel and inconsistent sentences with 
context induced a larger N400 than familiar and consistent sentences 
with context (Chwilla et al., 2007). This finding indicated that in-
dividuals had greater difficulty integrating new information. Further-
more, similar findings using meaningless stimuli were apparent 
(Draschkow et al., 2018; Wang et al., 2004). The results of a 
multi-feature stimuli comparison study showed that multiple conflicts 
(color and shape) induced a remarkable N400, indicating that N400 was 
also involved in processing complex information conflicts (Wang et al., 
2004). Draschkow et al. (2018) further argued that an N400 was not 
only related to semantic integration but also to the integration of objects 
and scenes. Taken together, these studies showed that an N400 reflected 
the endogenous mechanism of conflict integration after the process of 
cognitive conflict. In our research, we developed the following hy-
pothesis: Individuals clarify intermixed stimuli as new stimuli, and they 
possibly integrate them with more difficulty in subsequent integration 
processing. Therefore, intermixed stimuli elicit greater N400 than old 
and new stimuli. 

Different from classical ERP old/new effect studies, Finnigan et al., 
2002Finnigan et al. (2002) introduced the “N400 strength effect” by 
adding repetition priming to the study phase (i.e., repetitive stimuli 
induced a smaller N400 compared with new stimuli in the test phase, 
whereas the appearance of preeminent N400 was generated by new 

stimuli). Prior studies suggested that the discrimination between old and 
new stimuli was affected by familiarity and that repetition priming was 
conducive to the enhancement of familiarity for individuals (Rugg & 
Curran, 2007). This finding allowed individuals to recognize repetitive 
stimuli without recalling detailed information and to quickly discrimi-
nate between old and new stimuli (Paller et al., 2007). In addition, 
Thakral et al. (2016) demonstrated that familiarity and repetition 
priming were both regulated by the superior parietal lobule and pre-
central gyrus, implying that they had a common processing mechanism. 

For this current study, it was necessary to understand how the human 
brain copes with or responds to repetition. There has been some fMRI 
research to indicate that repeated stimuli reduced neural activity, and 
novel stimuli triggered stronger brain activity (Grill-Spector et al., 2006; 
Schacter et al., 2007). Correspondingly, an EEG study described that 
repeated stimuli induced a smaller N400 compared with novel stimuli 
(Van Strien et al., 2007). While important, prior research has taken a 
primarily static view about repeated (old) and novel (new) stimuli 
without addressing the impact of changes in the form of the stimuli, 
when including both old and new information. Accordingly, old stimuli 
and new stimuli are intermixed as a third condition, so that the condi-
tions include an old condition (both target and origin word are 
repeated), a new condition (both target and origin word are 
non-repeated), and an intermixed condition (target word is 
non-repeated and origin word is repeated) in which stimuli are partially 
identical to the old condition. Finnigan et al.’s study-test paradigm 
(Finnigan et al., 2002) set repetition in the study phase and three con-
ditions in the test phase. These conditions consisted of three-time 
repetition, one-time repetition, and no repetition (new). Better behav-
ioral results were achieved in the three-times condition than in the 
one-time repetition condition. Therefore, to improve the threshold in 
our study, we increased the maximum number of repetitions to five, and 
we compared each repetition condition (zero, once, three times, and five 
times) in pilot research to determine which condition had the greatest 
repetition effect. 

In summary, the goal of the current study was to enhance our un-
derstanding of the old/new effect elicited by intermixed stimuli. Spe-
cifically, we aimed to clarify the underlying mechanisms through a 
sequentially cognitive process, that is, conflict monitoring and integra-
tion. Therefore, we conducted a study-test paradigm (based on Finnigan 
et al., 2002) with an Embedded Chinese Character Task (ECCT) (Yu 
et al., 2018) in pilot and formal research (e.g., judging whether an origin 
word “盆” included a target word “分” referring to structure). The pilot 
research determined the number of repetitions required for the old 
condition and this was used in the formal research. Accordingly, the 
formal research formulated three conditions: (1) the old condition 
(old-target word “分” and old-origin word “盆”), (2) the new condition 
(new-target word “力” and new-origin word “务”), and (3) the inter-
mixed condition (new-target word “为” and old-origin word “盆”). 
Furthermore, based on previous studies, we used the N270 as the index 
of cognitive conflict monitoring (Bennett et al., 2014; Wang et al., 2000, 
2003, 2004) and the N400 as the index of cognitive conflict integration 
(Kutas & Federmeier, 2011; Pan et al., 2016; Schlesewsky & Bornkessel, 
2006; Zhou et al., 2018). 

2. Method 

We used a one-factor within-subject design with condition types (old, 
new, and intermixed). Accuracy (ACC), reaction time (RT), and average 
amplitude were dependent variables. 

2.1. Participants 

We recruited 30 undergraduates (15 males). The average age was 
19.07 years (SD=0.64 years). All participants were native speakers of 
Chinese, healthy, right-handed, had normal or corrected to normal 
vision, and none had a history of neurological disorders. Ethics approval 
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was obtained from the ethics committee of Shanghai Normal University. 
All participants gave written informed consent and they received mon-
etary compensation. 

2.2. Stimuli 

The stimuli consisted of pairs containing target and origin words. We 
selected 180 pairs of Chinese characters from the Yu et al. (2018) ECCT 
as the stimuli for the study (see Fig. 1). There were 90 inclusion pairs and 
90 exclusion pairs, so an origin word corresponded to a target word that 
was included or excluded (e.g., “盆”- “分”/ “为”). The purpose of using 
the same number of inclusion and exclusion pairs was so that partici-
pants would not be able to give only inclusive or exclusive responses. A 
random selection of 120 inclusive and exclusive word pairs was used in 
the study phase and ensured that inclusion was equal to exclusion. The 
software randomly chose 60 pairs from the previous 120 pairs (e.g., 
“分”- “盆”). These pairs were repeated five times so a total of 300 trials in 
the study phase. In the subsequent test phase, the same 60 pairs were 
used so that pairs in the old condition were identical to the pairs in the 
study phase (e.g., “分”- “盆”). Then, the remaining 60 pairs were used in 
the intermixed condition (e.g., “为”- “盆”), in which only the origin word 
was the same as the origin word of pairs used in the study phase. Finally, 
as a result of the initial random selection of 120 pairs from the original 
180 pairs, the new condition (e.g., “力”- “务”) comprised the remaining 
60 pairs that had not yet been used. In both the study and test phases, the 
participants were asked to make a judgment about whether a word pair 
(target and origin words) was inclusive or exclusive. Moreover, to 
ensure that the characters were commonly used in everyday life, we 
chose the characters from the List of Common Standard Chinese Char-
acters from State Council (http://www.gov.cn/zwgk/2013-08/19/ 
content_2469793.htm). Target words corresponding to the same origin 
word for inclusion and exclusion were comprised of an equal number of 
strokes. The strokes’ numbers of target words ranged from two to six (M 
= 4.04, SD = 1.02). For example, an inclusive target word “分” had equal 
strokes as an exclusive target word “为”, and both of them were related 
to same origin word “盆” (see Fig. 2). Therefore, the factor of strokes’ 
number was controlled in our research. We constructed a pool con-
taining the inclusive/exclusive target words and their corresponding 
origin words with an E-prime procedure. Inclusive or exclusive pairs 

were randomly chosen for any of the three conditions (old, intermixed, 
and new). 

To determine the specific number of repetitions required, we con-
ducted a one-factor within-subject design for the pilot research, with 
four levels of repetition (zero, one, three, and five times). ACC and RT 
were dependent variables. Twenty-seven undergraduates (Mage = 24.37 
years, SD = 2.48, 9 males) were recruited from Shanghai Normal Uni-
versity. We conducted a one-way repeated-measure ANOVA for ACC and 
RT (see Table 1) of the test phase. The results indicated that no signif-
icant difference was observed in terms of ACC [F(3,78) = 1.30, p=0.28, 
η2

p = 0.05]. However, there were prominent differences among different 
conditions [F(3,78) = 19.45, p < 0.001, η2

p = 0.43]. Specifically, the RT 
for five repetitions was faster than for no repetitions (p < 0.001), one 
repetition (p < 0.001), and three repetitions (p = 0.005). The RT for 

Fig. 1. The Embedded Chinese Char-
acter Task (ECCT). We selected some 
typical Chinese character pairs (exam-
ples 1 and 2) to further elaborate the 
acquisition of this task. The experi-
mental conditions of the Test phase in 
the formal research were determined by 
the antecedent Study phase. The color 
used in the characters assisted non- 
Chinese speakers in identifying the re-
lationships within structures between 
the target and the origin words, as well 
as the relationships involving inclusion 
and exclusion according to the struc-
ture. Red indicated that the target word 
was identical to the structure of the 
origin word, and other colors indicated 
that the origin word did not have the 
same structure as the target word. The 
origin characters were the same for the 
inclusion and exclusion trials. For 
example, an inclusion trial consisted of 
a target word “分” and an origin word 
“盆,” and an exclusion trial consisted of 
a target word “为” and an origin word 
“盆.” All stimuli including both origin 

and target words were repeated five times in the old conditions. Note that only origin words were repeated five times in the intermixed conditions (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web version of this article.).   

Fig. 2. The strokes in inclusive “分” and exclusive “为” words after 
decomposition. 

Table 1 
Behavioral results of the test phase in the pilot research [M(SE)].  

Repetition Accuracy (ACC) Reaction time (RT) 

No 0.668(0.035) 735.05(31.88) 
Once 0.689(0.035) 704.32(36.08) 
Three times 0.675(0.042) 668.37(33.82) 
Five times 0.646(0.036) 624.99(29.92)  
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three repetitions was faster than for no repetitions (p = 0.009). There 
were no significant differences for the RT among other conditions 
(ps>0.05). Therefore, five repetitions enabled participants to quickly 
form stable relationships within character pairs. The researchers chose 
the five-repetition condition as the old condition to use in the formal 
research. 

2.3. Procedure 

The research took place in a laboratory on the university campus. 
Participants first read and signed the informed consent. One participant 
at a time was taken to a sound-attenuated, warm, lit room, and was 
seated in a comfortable chair 60 cm from the computer screen. 

E-prime 2.0 was used for programming and data collection. The 
experiment was conducted on a Lenovo desktop computer with a reso-
lution of 1920 × 1080 and a refresh rate of 60 Hz. The experiment 
comprised two phases. In the study phase (see Fig. 3, left), a fixation 
cross was presented for 800 ms in the center of the screen, followed by a 
target word for 200 ms. After a blank screen was randomly displayed for 
600–800 ms, an origin word appeared and remained for 3000 ms. Par-
ticipants had to respond as quickly and accurately as they could before 
the origin word disappeared. Finally, a blank screen appeared for 1000 
ms. 

To rigorously examine the old/new effect, the target word was pre-
sented subliminally in the test phase. According to Ortells et al. (2016) 
and Yu et al.’s (2018) subliminal presence timings, we set the presented 
time of the target word to 23 ms in the test phase (see Fig. 3, right). The 
time to complete one refresh was approximately 16.7 ms, therefore, the 
time to refresh twice was 33.4 ms. In addition, considering factors such 
as computer latency of approximately 10 ms, the presented time was set 
to 23 ms, resulting in an actual presented time of 33 ms. Moreover, the 
1000 ms mask was presented after the subliminal target word. We 
extended the mask presentation from 167 ms to 1000 ms in consider-
ation of poor performances possibly due to a short presentation of the 
mask in the test phase of the pilot research because we needed a rela-
tively greater number of corrective trials utilized to calculate grand 
average waves in the ERP analysis of the formal research. A blank screen 
was then presented for 600–800 ms, and the origin word was presented 
for 3000 ms; participants were required to respond as quickly and 
accurately as they could before the origin word disappeared. 
Throughout the experiment, participants were told to respond accu-
rately and quickly and to judge whether the current origin word 
included the previous target word. They were instructed to press the “F” 
key for inclusion and the “J” key for exclusion. We included a practice 
section to ensure that participants grasped the experimental re-
quirements. The participants were allowed to enter the subsequently 

formal section if they achieved 70 % or greater accuracy. Furthermore, 
to ensure that the experiment was not affected by other factors such as 
fatigue, we included two two-minutes rest periods during the test phase. 
We observed and calculated the total time that would be needed for the 
formal research as 30 min and 20 min for the study and test phases, 
respectively. 

2.4. Data recording and analysis 

In the current study, the stimuli display and behavioral data were 
recorded using E-prime 2.0 (Psychology Software Tools, Inc., Pittsburgh, 
PA; http://www.pstnet.com/eprime). Continuous electroencephalo-
graphic (EEG) data were recorded using an actiCHamp amplifier (DC- 
140 Hz bandpass, 500 Hz sampling rate) with 64 Ag/AgCl scalp channels 
arranged according to the extended international 10–20 system (Brain 
Products GmbH, Munich, Germany). Horizontal and vertical electrooc-
ulograms were recorded with two electrodes mounted 1.5 cm away from 
the outer canthus of the right eye and 1.5 cm below the left eye. Elec-
trode impedance was maintained below 10 kΩ. The Gnd electrode 
serving as the grounding electrode was placed at the center of the 
forehead, and the Fz electrode was the online reference. The EEG data 
analysis was conducted with Analyzer 2.2 software (Brain Products). 
First, raw data were re-referenced offline to the average of bilateral 
mastoid electrodes. Then, the FCz was removed because of a malfunc-
tion throughout the EEG data recording. The filter standard was high- 
pass filtered at 0.1 Hz and low-pass filtered at 40 Hz, and ocular arti-
facts were corrected via independent component analysis (ICA). Sub-
sequently, EEG data were segmented into 1200-ms epochs, from 200-ms 
prior to origin word presentation in the test phase onset to 1000-ms 
after. Each epoch was baseline-corrected according to a pre-stimuli 
period from -200 to 0 ms. Next, artifacts (activity exceeding ± 80 μV) 
were rejected from the analysis. The EEG epochs were averaged sepa-
rately for three different conditions (old, intermixed, new). 

According to previous studies and the grand average ERPs (see 
Fig. 5), we analyzed average amplitudes of N100, P200, N270, and 
N400, at time windows of 90~140 ms (Khachatryan et al., 2019), 
160~200 ms (Khachatryan et al., 2019), 220~380 ms (Ma et al., 2007; 
Wang et al., 2018) and 400~450 ms (Draschkow et al., 2018; Ku et al., 
2020), respectively. The data of N100 (Khachatryan et al., 2019), P200 
(Khachatryan et al., 2019), and N270 (Ma et al., 2007; Wang et al., 
2018) were analyzed at five electrodes (FC1/FC2, Cz/C1/C2), and data 
of N400 (Draschkow et al., 2018; Ku et al., 2020) were analyzed at 9 
electrodes (Cz/C1/C2, CPz/CP1/CP2, Pz/P1/P2). A repeated measure 
ANOVA was conducted using SPSS (SPSS version 19.0, SPSS Inc., Chi-
cago, IL, USA). The Greenhouse-Geisser correction was used to adjust 
the freedom when sphericity was violated, and the Bonferroni correction 

Fig. 3. Study (left) and test (right) phases. ERP is time-locked at the presentation of origin word in the test phase.  
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adjusting p value for multiple comparisons was applied to the post-hoc 
analysis. 

3. Results 

3.1. Behavioral data 

The one-way repeated measure ANOVA was applied to ACC and RT 
of the test phase. The results indicated that the differences were signif-
icant in old, intermixed and new conditions [F(1.41, 40.80) = 32.41, p <
0.001, η2

p = 0.53]. Specifically (see Fig. 4), the ACC of old conditions was 
significantly higher than that of intermixed (p < 0.001) and new (p <
0.001) conditions. The ACC for intermixed conditions was significantly 
lower than for new conditions (p = 0.004). Meanwhile, the prominent 
differences for RT were observed in different conditions [F(1.66, 48.18) 
= 21.22, p < 0.001, η2

p = 0.42]. The RT with respect to old conditions 
was significantly faster than for intermixed (p = 0.001) and new (p <
0.001) conditions, while there were no significant differences between 
intermixed and new conditions (p = 0.67). 

3.2. EEG data 

We conducted 3 (old/new status: old, intermixed, new) × 5 (elec-
trodes: FC1/FC2, Cz/C1/C2) repeated-measure ANOVAs for the average 
amplitude of N100, P200, and N270, which revealed the following: 

N100: A main effect of electrodes [F(1.90, 55.17) = 10.17, p < 0.001, 
η2

p = 0.26] and old/new status [F(2, 58) = 6.59, p = 0.003, η2
p = 0.19] 

was found. Specifically, new conditions evoked the greatest N100 (M=- 
5.97 μV, SE = 0.48 μV), which was significantly greater than that 
induced by old (p = 0.008) and intermixed (p = 0.025) conditions. No 
difference was observed, however, between old (M=-4.82 μV, SE = 0.50 
μV) and intermixed (M=-5.01 μV, SE = 0.45 μV) conditions (p = 1.00). 

P200: A main effect of electrodes [F(1.93, 56.09) = 16.62, p < 0.001, 
η2

p = 0.36] and old/new status [F(2, 58) = 3.57, p = 0.034, η2
p = 0.11] 

was found. Specifically, P200 induced by new conditions (M = 1.80 μV, 
SE = 0.62 μV) was lower than that induced by old (M = 2.73 μV, SE =
0.51 μV) conditions (p = 0.011), while not different from that evoked by 
intermixed (M = 2.47 μV, SE = 0.57 μV) conditions (p = 0.30). No dif-
ference was observed between old and intermixed conditions (p = 1.00). 

N270: A main effect of electrodes [F(1.79, 51.80) = 6.03, p = 0.006, 
η2

p = 0.17] and old/new status [F(2, 58) = 13.25, p < 0.001, η2
p = 0.31] 

was found. New conditions (M = 0.04 μV, SE = 0.50 μV) elicited greater 
N270 than old conditions (M = 1.61 μV, SE = 0.48 μV) (p < 0.001), as 
did intermixed conditions (M = 0.67 μV, SE = 0.39 μV) (p = 0.01). No 
significant difference was observed, however, between the new and 
intermixed conditions (p = 0.09). 

Researchers conducted 3 (old/new status: old, intermixed, new) × 9 
(electrodes: CPz/CP1/CP2, Pz/P1/P2, Cz/C1/C2) repeated measure 
ANOVAs for average amplitude of N400, which indicated that main 
effects of electrodes [F(1.83, 53.20) = 19.5, p < 0.001, η2

p = 0.40] and 
old/new status [F(2, 58) = 6.95, p = 0.002, η2

p = 0.19] were found. 
Specifically, N400 for intermixed (M = 2.86 μV, SE = 0.41 μV) condi-
tions was greater than for old (M = 1.57 μV, SE = 0.37 μV) conditions (p 
= 0.002). Nevertheless, N400 evoked by new (M = 1.93 μV, SE = 0.40 
μV) conditions was not different from old (p = 0.88) nor intermixed (p =
0.075) conditions (see Fig. 6). 

4. Discussion 

The present research aimed to contribute to the understanding of the 
old/new effect elicited by intermixed stimuli by exploring the processes 
underlying the experience of cognitive conflict. Behavioral data indicate 
that RT is longer and ACC is lower in the new condition when compared 
with the old condition. These results show that after five repetitions in 
the study phase, the apparent old/new effect is observed in the test 
phase, notwithstanding the subliminal presence of the target word in the 
formal-research test phase. Notably, responses in the intermixed con-
dition have the lowest ACC, implying the greatest old/new effect. 
Further EEG data describe that the new condition induces a larger N270 
compared with the old condition, but the intermixed condition induces a 
larger N270 and a larger N400. The reinforcement of ERP components 
induced under different conditions is specified later. 

The new condition on N100 triggers the most negative-going wave-
form, indicating that the participants notice the appearance of a new 
origin word. Moreover, for P200, the old condition induces more 
positive-going waveform relative to the new condition, which is 
consistent with the results of Evans and Federmeier (2007) who noted 
the beginning of perception matching. Simultaneously, there is no sig-
nificant difference between old and intermixed conditions in either 
N100 or P200. These results indicate that individuals are capable of 
making accurate and effective old/new judgments in terms of the origin 
word. Therefore, the consistent change in N100-P200 strongly supports 

Fig. 4. Behavioral data for the test phase: left side is ACC (%) and right side is RT (ms). The error bar is the standard error (SE). **: p < 0.01, ***: p < 0.001, n. s.: 
not significant. 
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the effectiveness of memory representation of five repetitions during the 
study phase, enabling individuals to identify a new origin word in the 
new condition at an early stage of attention and perception. Further, 
individuals quickly identify the new origin word in new conditions 
versus the old origin word in old and intermixed conditions. In other 
words, the new origin word gains more attention allocation (Xin et al., 
2010). Notably, our results also contribute to the view that familiarity 
caused by repetition enabled individuals to make a preliminary judg-
ment on the old/new status of stimuli during the attention stage (Ecker 
& Zimmer, 2009; Rugg & Curran, 2007). 

Moreover, in the current research, the old/new differentiation is one 
of the match/mismatch differentiations. A pair in the test phase that 
does not appear in the study phase is the new condition, and participants 
do not form match relationships for this condition, regarded as the 
mismatch. A pair in the test phase that is partially the same as a pair in 

the study phase is the intermixed condition, and this condition also 
belongs to the mismatch condition. A pair in the test phase that is the 
same as a pair in the study phase is the old condition, and this condition 
is regarded as a match relationship. 

N270 is significantly larger in the new condition than in the old 
condition, which indicates that the participants experience greater 
cognitive conflicts when processing new words, because target and 
origin words in the new condition have not been learned. These results 
are in line with previous studies. For instance, Wang et al. (2000) found 
that N270 appeared along with conflict when the left and right sides of a 
mathematical equation were not equal (e.g., 2 + 6 = 9). In addition, 
Wang et al. (2004) discovered that N270 was triggered when there was a 
mismatch between previous and current shapes and colors of objects. 
Moreover, there were similar findings in the experiments conducted by 
Bennett et al. (2014). Collectively, these prior studies proposed that the 

Fig. 5. Grand average ERPs at Cz.  

Fig. 6. Topographic maps of mean amplitudes of N270 and N400.  

Y.-h. Wang et al.                                                                                                                                                                                                                                



Biological Psychology 163 (2021) 108132

7

conflicts between current and previous stimuli were critical for inducing 
N270, which implied that N270 was indicative of cognitive processing of 
conflict. Accordingly, the current study makes an important contribu-
tion to the comprehensive knowledge of N270 elicited by conflict. 
Specifically, the pairs of Chinese characters in the new condition are 
never learned by participants, hence they are compared with old pairs 
that are learned during the study phase. The initial presence of these 
new stimuli triggers a conflict monitoring mechanism, which in turn 
induces a larger N270. 

As expected, N270 in the intermixed condition is prominently larger 
than in the old condition but not different from the new condition. These 
results demonstrate that cognitive conflicts occur when participants 
discriminate between intermixed and old pairs that exist in memory. 
Meanwhile, in the monitoring processing, participants are inclined to 
classify the intermixture as new pairs, which may be like processing 
pairs in the new condition. We infer that the way participants cope with 
intermixture is similar to how they cope with new pairs. Specifically, 
due to a new target word in the intermixed condition, the participants 
break the consolidated association formed through five repetitions in the 
study phase. As a result, a mismatch occurs between new and old pairs, 
leading the cognitive-monitoring mechanism to detect the conflict, 
which, in turn, induces a greater N270. Taken together, these results are 
partially in accordance with the findings of previous scholars (Szucs 
et al., 2007) who proposed that the mismatch condition in both color 
and category tasks triggered salient N270, which was considered an 
index of an individual’s processing of conflicts and detection of mis-
matches. Moreover, Xie et al. (2018) conducted a study with 
country-of-origin images in which stereotype-inconsistent groups eli-
cited larger N270 relative to stereotype-consistent groups. However, in 
this research, we set an intermixed condition in which the target word is 
new, and this is the source of conflict and further triggers the 
cognitive-monitoring mechanism. One possible explanation is the way 
that processing conflict is guided by the new target word, thus, partic-
ipants are inclined to process intermixed pairs as new pairs. 

The N400 in the intermixed condition is significantly larger than in 
the old condition, implying that integration of such conflict is difficult. 
In addition, it is apparent that N400 in the intermixed condition has a 
salient peak, which might be due to the existence of mismatch between 
the new target- and old origin-words. Specifically, as participants are 
affected by memory representation in the integration process, they are 
possibly more difficult to judge and rebuild the mismatch relationship 
between origin and target words. The evidence of Van de Meerendonk 
et al. (2010) provided clear support for our findings. In their study, 
strong mismatch induced greater N400 than mild mismatch, suggesting 
that the difficulty of integration increased due to increased intensity of 
mismatch. Accordingly, the present results elucidate that the mismatch 
induced by the intermixed condition is more intense, and results in more 
difficult integration processing for individuals. 

Nevertheless, compared with the intermixed condition, a typical 
N400 disappears in the new condition. There is no statistically signifi-
cant difference between new and old conditions, which indicates that 
N270 in the new condition may also be involved in the conflict inte-
gration processing, that is, the conflict monitoring and integration both 
conducted by the new pair are completed at one time. The reasons can 
only be speculative. For instance, because the pairs in the new condition 
are comprised of new words, participants might regard them as new 
information; such “old/new” conflict is quickly connected with the 
integration process after being monitored. In the old condition, how-
ever, participants automatically activate the corresponding origin word 
and react quickly through the top-down process, possibly without an 
integration process. However, we cannot ignore that old stimuli (pairs) 
were repeated five times during the study phase and new stimuli (pairs) 
did not induce apparent N400. These results are incongruent with the 
findings of Finnigan et al. (2002), in which new stimuli induced a more 
negative-going waveform of N400 (old/new: one repetition < three 
repetitions < new), indicating that N400 was affected by memory 

strength. It shows that with the improvement in memory strength, the 
approach of integrating new stimuli presumably changes; in other 
words, the process of integration for new stimuli is included late in the 
detection process, while for intermixed stimuli, there is a distinct pro-
cess of monitoring and integration. 

To the best of our knowledge, this study is one of the first attempts to 
evaluate the mechanisms of cognitive monitoring and integration trig-
gered by intermixed stimuli. Despite the strengths of this study, its 
limitations should also be taken into consideration. It was unclear how 
these changes impact cognitive monitoring and integration if the pro-
portion of new or old stimuli in intermixed stimuli are altered in some 
way. Another limitation was that although the inclusion/exclusion fac-
tor was counterbalanced in the current research, we did not consider this 
factor which had the potential to impact the results because we did not 
conduct solely inclusive or exclusive trials for comparison. Although the 
goal of the present research was to explore the memory effect that occurs 
in intermixed stimuli, memory effect (i.e., new vs. old pair) and conflict 
(i.e., mismatch between target and origin word in exclusion vs. match 
between target and origin word in inclusion) may not have been dis-
entangled enough for analysis. Specifically, conflict possibly occurred in 
exclusion due to the different structure of target and origin words, 
although it did not occur in inclusion, and this aspect potentially 
impacted the memory effect. Therefore, intermixed stimuli were more 
difficult to integrate than old and new stimuli, this fact may just reflect a 
memory difference rather than greater conflict. Future studies should 
aim to replicate the results in various ways by controlling the pro-
portions of new and old stimuli and inclusion/exclusion. In addition, 
further research could examine non-native Chinese speakers’ perfor-
mance in ECCT. 

To conclude, this research provided initial evidence that intermixed 
stimuli induced both a larger N270 and N400 than old stimuli, and new 
stimuli only elicited larger N270 compared to old stimuli. These results 
shed light on the processing of intermixed information containing old 
and new stimuli and show that individuals not only experience conflicts 
in the monitoring stage but also allocate more cognitive resources to 
deal with difficulties encountered in the integration process. 
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