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Abstract. The objective of the study was to investigate neural processing during short-term visual
working memory task under different memory load and cue size. Two or four items of the same sign
but in different colors were presented on both sides of the screen, in which cues were applied as an
indicator. Participants were cued to remember the colors of one side and then make a quickly
response to the test sample. On the performance level, responses accuracy decreased with the
increasing numbers of working memory loads. The response time increased with the increasing
numbers of working memory load. The response time latency to the big cue was larger than that of the
small cue. On the neural processing level, the high-load stimuli could arouse a more negative wave
than the low-load stimuli.

Introduction

Working memory is considered as a system that temporarily generates and maintains a representation
of a perceived stimulus in mind that can be accessed and manipulated in the context of performing
cognitive tasks [1]. Working memory processes consist of three processing stages: (1) a stimulus is
perceived and a representation of it is generated in mind (encoding), (2) this representation is
maintained in mind (retention) for several seconds, (3) this representation is accessed for performing
a cognitive task (retrieval). The most influential model of working memory probably was the
tripartite model. According to the model, working memory consists of three components: the
phonological loop, the visuo-spatial sketchpad and the episodic buffer [2]. The visuo-spatial working
memory was discussed in present study.

Event-related potential (ERPs) is the brain electricity potentials by the average addition of the EEG
data. Event-related potential (ERPs) with their high temporal resolution allow to investigate the time
course of the different neuronal processing phases (encoding, retention, and retrieval) during a
working memory task distinctly. In addition, the effects of varying working memory load on these
neural processes can be evaluated [3].

There are a variety of tasks used in working memory paradigms, with delayed match-to-sample
task and n-back tasks belonging to the most common ones. In delayed match- to-sample tasks, several
items are presented simultaneously (encoding), next a retention period is included, which is followed
by a probe stimulus (retrieval). In n-back task, items are presented consecutively and the task is to
indicate whether the current stimulus matched the one presented n trials before [4]. The delayed
match-to-sample task was applied in present study.

Working memory is an attention-demanding system which is affected by load and which has a
limited capacity [5]. The capacity of the working memory is a hot topic, which is supposed to have
three to four items [6]. Higher cognitive activity was observed during remembering color
conjunctions than colors [7]. This suggests that maintenance is not for free, it causes additional effort.
The observed decrease of memory with increasing set size in the conjunction condition must be
caused by different effect. However, not only the number of the objects but also sensory load limits
visual working memory [8]. The effects of working memory load have been analyzed in several
studies on event-related potential components focusing inter alia on P3 amplitudes. They provide
converging evidence that P3 amplitudes decrease with increasing working memory load [9]. The
capacity decreased when complexity of the objects increased [10]. The capacity was perfectly related
to the search rate in visual search paradigm.

This article is an open access article under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0)


https://doi.org/10.4028/www.scientific.net/AEF.2-3.239

240 Mechatronics and Information Technology

The present study addressed this issue of cued working memory between different numbers of
stimuli. The physical properties (such as orientation, location, and spatial frequency) and sensory
interactions were balanced through different numbers of stimuli load conditions. This allows us to
determine whether the load differences under different cue size could evoke neural processing
differences.

Methods

Participants. Twenty healthy right-handed volunteers ranging in age from 18 to 30 years old, with
normal or corrected-to-normal visual acuity participated in this study. All participants were unaware
of the rationale of the experiment, filled out a consent form prior to the experiment.

Stimuli. There are four stimulations in the experiment, varying both load and cue size. Different
loads means two items in a trial or four items in a trial. There are two different cue sizes: big cue and
small cue. The items, composed of oriented lines, are in different colors but in same shape in a trial.
That is to say there’s only a color difference between figures in a trial, both two sides. There’re seven
colors in all: red, blue, green, violet, yellow, white and black. The arrangement of the four items is
square, and the two items are developed from four items by subtracting two. Only one item changed
color or none item changed color in a trial.

The stimulations are indicated by serious cues (See Fig.1). Firstly, participants will see an arrow
above the fixation cross which is in the center of the screen. Attend to the side of the screen indicated
by the arrow; participants were told to try to keep eyes in the center at the fixation cross. Next,
participants may see a cue (a box) that will appear somewhere on the screen. Two or four items will
appear in the cue (the box). Participants need to remember the colors of the items. During the
retention interval, wait and remember the colors. When test array present, participants are supposed to
give a decision if the color has changed. Participants should response as accurately as quickly as
possible. After press a key, a new trial will begin immediately. And response must be within 2
seconds. If it takes too long, the program will move onto other trial.
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Fig.1. Illustrations of the cue and the stimulation for a trial in the study

Software Eprime and SCAN 4.4.3 were used to present stimuli and to record and analyze EEG. The
subjects wore the electrode cap with 6.8 kQ electrode impedances. 28 channels of EEG and EOG
were recorded from the scalp with the electrode cap. EEG was recorded continuously with amplifiers
using a 64-channel Ag/AgCl electrode net. Acquisition software was running on a power computer.

After recording, EEG data were obtained and were ready to be analyzed. Firstly, the behavioral
data were immerged. Artifacts from eye movements were removed from individual trials using the
procedure. The exquisite dithered waves were wiped off because it will affect the final results. Then
EEG was segmented with a pre-stimulus baseline of subtractive 100 ms and 1000 ms pos-stimulus
epoch. The artifacts were rejected, making sure the rejected numbers were less than twenty percent of
the total numbers. ERP data were averaged according different rules. Then the data were filtered by a
low pass filter. The frequency of normal brain waves is less than 30 Hz, so a 30 Hz low pass filter was
applied.

Results

Behavioral Results. For behavioral data analysis, average response time and accuracy were used for
satistical analysis. Participants responded faster under the small cue than the big cue (see Fig.2). A
significance effect was obtained for the response time under different cue sizes of stimuli (F=8.35,
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P<.05). Participants responded faster to the low-load (two items) stimuli relative to the high-load
(four items) stimuli (see Fig.2). The accuracy for two items is higher (see Fig.3). A significance effect
was obtained for the accuracy under different numbers of stimuli (F=56.37, P<.001). There’s no
significant difference in accuracy between the big cue and small cue (P>.05).
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Fig.2. The average response time under different load and cue size
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Fig.3. Average response accuracy under different load and cue size

ERP Results. ERP is getting from the average addition of the EEG data. The grand average ERP
data illustrates participants’ neural processing during encoding, retention and retrieval in the working
memory task. The latency windows were: P1=80-120 ms, N1=120-160 ms, P2=160-220 ms,
N2=220-300 ms, P3=300-450 ms, early slow wave (SW1) =550-700 ms, late slow wave (SW2)
=700-850 ms. For the ERP data analysis, the P3 and early slow waves reflected the retrieval process
during the task. The prefrontal cortex is a part of brain which reflects working memory activities. The
four items could arouse more negative waves in the P3 and early slow waves at the prefrontal cortex
(electrodes F3, FZ, F4, see Fig.4). We still can not see the brain wave differences between different
cue size.

Both the perceptive high-load and the increase of stimuli numbers could limit the capacity of
working memory. This suggests that pay attention to large numbers of items is not for free, it causes
additional effort compare to a small numbers of items.

Discussion

The behavioral data shows that there’ve significant differences between the different loads and cue
sizes. Responses accuracy decreases with the increasing numbers of working memory loads.
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Fig.4. Illustrations of participants’ grand average ERP data on electrodes F3, FZ, F4

Response time increases with the increasing numbers of working memory load. The response time
latency to the big cue is larger than that of the small cue. The ERP data shows that the four items
could evoke higher amplitude on prefrontal cortex. This suggests that paying attention to more items
will cause a more negtive waves on the prefrontal cortex.
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