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Abstract. The aim of this study is to explore the time course of the selective 
consolidation process. While maintaining one color, which was selected from 
an initially array of four colors in three different intervals, participants had to 
perform a visual search and ignore 1) a singleton distractor that matched the 
color maintained in WM, 2) a new singleton that did not match the maintained 
color, or 3) a uniformly colored distractor display (i.e., no singletons). After 
that, they should match a probe color with the maintained color. WM perfor-
mance for the color was significantly impaired in the matching and new color 
distractor conditions relative to the uniformly distractor condition when the in-
terval for selective consolidation was short (35 or 50 ms/item), but was identical 
across these three conditions when this interval was relative long (65 ms/item). 
This result indicated an astonishingly fast process of selection before the color 
consolidation process. 
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1 Introduction 

Visual working memory (WM) serves to temporarily maintain and manipulate infor-
mation important for behavior [1]. Besides the limited storage capacity of WM  
system, the limited processing capacity of consolidation also affects the WM main-
tenance. Consolidation is a process of encoding information into a durable WM  
representation that can survive further sensory interference [2-4]. 

In the real world, people should selectively concentrate on one aspect of the envi-
ronment while ignore other information, then they may memorize them for further 
processing. For example, in safety inspection, screeners should detect the threatening 
objects from a pile of luggage, then report or record them. This can be regarded as a 
selective consolidation process. 

How long does it take to select and form a durable representation in WM? Previous 
studies found that the sole consolidation process can be very slow, with estimates of 
approximately 500 ms in attentional blink [2] and dual-task [3] experiments. In the 
attentional blink paradigm, participants should detect and identify two targets in a 
rapid serial visual presentation sequence. Participants are difficult to report the second 
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target (T2) when T2 is presented 200-600 ms after the first target (T1). The failure to 
report T2 has been regarded as a failure to consolidate T2 into a durable WM repre-
sentation while T1 is going through consolidation [4, 5]. Jolicoeur and Dell’Acqua 
used a dual-task procedure in which combined a verbal WM task with an auditory 
speeded-response task [3]. Participants should remember a visual array of characters 
(T1), then immediately response to a successive low- or high-pitched tone (T2). At 
the end of the trial, memory for the character array was tested. They also found sub-
stantial slow in response to the tone when the delay between T1 and T2 was short 
(350-550 ms). They proposed that the performance of the auditory task was interfered 
when the memory array had not yet been consolidated. 

But later, Vogel, Woodman, and Luck (2006) revealed that the rate of consolidation 
can be much shorter, approximately 50 ms per item [6]. In this study, participants 
performed a change-detection task for color squares. Pattern masks were presented in 
the locations of the squares shortly after the presentation of the memory array to dis-
rupt the color consolidation. They found the memory performance was impaired due 
to the short delay between the squares and the masks. Does the selective consolidation 
have the similar time course as the sole consolidation process? Or how long will the 
selection process take before consolidation? 

In our one previous study [7], participants maintained one color selected from an 
array of two or four colors, and then passively viewed a distractor display among 
which they had to ignore: 

1. a singleton distractor that matched the color maintained in WM 
2. a new singleton that did not match the maintained color, or  
3. a uniformly colored distractor display (no singletons).   

At the end of a trial, they should match a color with their maintained color. In this study, 
the duration of cue which instructed participants to remember only one color from two 
or four colors was 150 ms. The results found that, WM performance for single items 
encoded from two colors was identical across the three visual distractor display condi-
tions. However, WM performance for single items encoded from four colors was im-
paired by the presence of a matching color distractor, improving further when the color 
distractor was new, and best when there was no singleton distractor. In another experi-
ment, participants still selected to remember one color from four colors, but we inserted 
a 1000 ms blank interval between the offset of the cue and the onset of the distractor 
display. The result revealed that WM performance was no differences between the three 
visual distractor display conditions. Thus, if we assume that consolidation is processed 
in serial [6, 8], a color representation can be selectively consolidated within 75 ms (150 
ms / 2) or 250 ms (1000 ms / 4), but not within 38 ms (150 ms / 4). 

In the present study, to precisely measure the time course of selective consolida-
tion, we varied the duration of cue which instructed subjects to remember only one 
color from four colors: 140 ms, 200 ms, or 260 ms (35 ms/item, 50 ms/item, or 65 
ms/item respectively). If the selective consolidation process was complete, then sin-
gleton distractor in the distractor display will not affect the color maintenance; if not, 
WM performance of a single color will differ among different distractor types in the 
distractor display. 
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2 Method 

2.1 Participants 

Twenty-two undergraduate and graduate students were paid for their participation. 
Two participants were excluded due to low memory accuracy (less than 80%). Thus a 
total of 20 participants (17 females; 19-30 years) were included in the analyses. All 
participants had normal or corrected-to-normal vision and none reported color blind-
ness. 

2.2 Materials 

The color stimuli could appear in (RGB: 250, 20, 0), green (RGB: 0, 170, 0), yellow 
(RGB: 220, 200, 20), blue (RGB: 0, 90, 200), pink (RGB: 210, 0, 110) or Gray (RGB: 
85, 85, 85). The font was Arial. All stimuli were presented on a black background.  

2.3 Apparatus 

The experiment was programmed using E-prime 2.0, and was run on a 17-inch CRT 
monitor at a viewing distance of approximately 60 cm without a chin rest. The moni-
tor was set to a 1280 × 1024 resolution with a 85 Hz refresh rate and 32-bit colors. 

2.4 Procedure 

The procedure was illustrated in Figure 1. At the beginning of each trial, two pseudo-
random digits ranging from 1-9 were presented on the screen’s center for 1,000 ms. 
Participants were required to repeat these two digits aloud throughout the trial to en-
courage them to rely on visual memory rather than phonological recoding to remem-
ber the color [9]. Participants’ voices were recorded to make sure that they followed 
this articulation suppression task throughout the experiment.  

Next, a 500 ms “remember” instruction appeared in gray in the center of the 
screen, followed by two or four different color disks (each with a radius 0.9° visual 
angle) that appeared for 1,000 ms, each centered in the four corners of an imaginary 
square (length 5° visual angle), which was displayed in the screen’s center. Partici-
pants were required to remember the colors of these disks. After a 50 ms blank screen, 
an arrow cue (length 1.4°, height 0.8°) appeared to instruct them to maintain only the 
cued color. 

The distractor display appeared after the arrow cue disappeared. This display con-
sisted of a diamond (1.2° in size, presented in gray) and 7 disk distractors (each with a 
radius 0.6° visual angle). They were placed on the rim of an imaginary circle (radius 
8°), which was centered on the fixation. An “N” or “M” (0.38° in size, presented in 
black) appeared within the diamond. The disk distractors contained a symbol resem-
bling an hourglass on its side, which matched the line segments of the “N” and “M”. 
This display will present for 1,500 ms. Participants were asked to ignore this display 
and wait for a probe color. 
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3 Results 

The result was illustrated in Figure 2. A repeated measures ANOVA with cue dura-
tion type (140 ms, 200 ms, or 260 ms) and distractor type (matching color distractor, 
new color distractor, or no color distractor) revealed a main effect of cue duration 
type, F(2, 38) = 16.93, MSE = .029, p < .001. Pairwise comparisons using Bonferroni 
adjustment revealed that WM accuracy in 140 ms cue duration condition was signifi-
cantly lower than in 200 ms cue duration condition (p < .01) and 260 ms cue duration 
condition (p = .001), also WM accuracy in 200 ms cue duration condition was lower 
than in 260 ms cue duration condition (p < .01). 

 

Fig. 2. WM accuracy as a function of cue duration type and distractor type. Error bars represent 
95% within-participants confidence intervals with Masson and Loftus’s method (2003) [10]. 

Also the main effect of distractor type was significant, F(2, 38) = 7.24, MSE = 
.024, p < .01. Pairwise comparisons using Bonferroni adjustment revealed that WM 
accuracy of the matching color distractor condition was lower than accuracy of the no 
color distractor conditions (p < .01), but there were no differences between the match-
ing color distractor condition and the new color distractor condition (p = .129), and 
between the new color distractor condition and the no color distractor condition (p = 
.693). 

Importantly, the interaction between cue duration type and distractor type was sig-
nificant, F(4, 76) = 5.90, MSE = .006, p < .001. Simple effect analysis using Bonfer-
roni adjustment indicated that when the cue duration was 140 ms or 200 ms, WM 
accuracy of the matching color distractor condition was significantly (or marginal 
significantly) lower than both the new color distractor condition (p < .05 and p = .09 
respectively) and the no color distractor condition (p < .01 and p < .001 respectively).  
But there were no WM accuracy differences between the new color distractor  
condition and the no color distractor condition in 140 ms and 200 ms cue duration 
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conditions (p = .624 and p = .604 respectively). But when the cue duration was 260 
ms, there were no WM accuracy differences between three distractor types (ps = 1). 

4 Discussion and Conclusion 

The present study showed that, when the time for selective consolidation for a single 
color was 35 ms/item or 50 ms/item, participants’ WM performance was easily dis-
rupted by the successive distractor display which was only exposed on the screen. But 
when this selective consolidation time was increased to 65 ms/item, WM perfor-
mances were identical between three distractor types and showed ceiling effects. 

In this study, the selection process was similar to the process that attention directed 
to a particular stimulus—directing attention [11]. The time course of directing atten-
tion was initially tested by Müller and Rabbitt (1989) [12]. They found a peripheral 
cue (presented for 50 ms), but not a central cue, could have a fast-acting effect on 
performance when the SOA between the cue and the search display was 100 ms. Oth-
er studies reported the similar findings [13, 14]. Cheal and Lyon (1991) systematical-
ly investigated the central and peripheral cue in a forced-choice discrimination task. 
They found that a peripheral cue could produce its effects on discrimination perfor-
mance within 17 ms, although this effect was very weak [15]. When it comes to the 
time course of consolidation, in Vogel et al.’s study [6], an estimate 50 ms/item of 
consolidation time was derived from a single-task procedure. In the present study, we 
found an estimate 65 ms/item of selective consolidation time in a dual-task procedure, 
indicating an even faster selection process before the consolidation process. 

Logically, the selection process and the consolidation process perform in serial. 
Participants should first chose the correct color, and then encode that color into WM. 
Although our result indicated that WM performance impaired when the time for se-
lective consolidation was very short, we don’t know whether the disruption occurs in 
the selection process or consolidation process. The similar question is, we don’t know 
how people deploy time onto these two processes. If assuming that 50 ms/item is 
almost the fastest processing of consolidation, in this study, the time course for selec-
tion or directing attention will be shorter than the time previous studies have ob-
served. 

It’s reasonable that WM performance is interfered by the distractors during reten-
tion. As the load theory of attention proposed that the ability to inhibit irrelevant  
distractors depends on higher cognitive functions, such as WM [16]. In our study, 
selective encoding a single color from an array of four colors was a relative high load 
condition, which would drain the attentional resources for attentional control and 
result in increased distractor interference. But a remaining question is, when the time 
course for selective consolidation is very short, why the memory-matching distractor 
in the distractor display disrupts WM more than a new color distractor or when color 
distractor is absent. We proposed and proved that this may be caused by the percep-
tual similarity or confusability between the to-be-remember item and the distractor in 
the distractor display [7].  
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This study deepens our understanding on the process of selecting and/then encod-
ing relevant information into a temporarily WM system. It is a rather fast but fragile 
process. Also this finding will have implications that what one memorizes could be 
distorted or disrupted by what one visualizes in a very short interval, and this effect 
may be amplified in crime scenes, which may complicate the interpretation of eyewit-
ness testimony [17]. 

In conclusion, in a dual-task procedure, the present study has shown that the rate of 
selective consolidation is approximately 65 ms/item. WM content is more fragile 
when the time for consolidation is short. The selection process before the consolida-
tion may be considerably faster than previous suggests. 
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