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Multiple item representations
in visual working memory
simultaneously guide attention

Caibin Duan’?, Lihua Zhang?*“, Dequn Song'*’ & Bing Zhang*

Visual working memory (VWM) is a subject of ongoing debate regarding whether multiple item
representations can simultaneously guide attention. The Single Item Template hypothesis (SIT)

posits that VWM representations only allow a single item to guide attention, while the Multiple Item
Template hypothesis (MIT) suggests that multiple items in VWM representations can guide attention
simultaneously. This study further investigates this through a dual-task paradigm. Participants were
required to complete memory-search tasks under different memory and match types, with memory
items and distractors being of the same category (Experiment 1) and different categories (Experiment
2). Results show: (1) In Experiment 1, when the memory type was color, multiple item representations
in VWM simultaneously guided attention, providing support for the MIT hypothesis; however, when
the memory type was graphic, multiple item representations in VWM did not simultaneously guide
attention, providing support for the SIT hypothesis. (2) In Experiment 2, whether the memory type
was color or graphic, multiple item representations in VWM did not simultaneously guide attention,
providing support for the SIT hypothesis. Whether multiple item representations in VWM can
simultaneously guide attention is significantly influenced by memory types and the relationship
between memory items and categories of distractors.
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Visual working memory (VWM) is an important component of individual cognitive processing, which not only
has the function of temporary storage and processing of information, but also has a certain guiding effect on
attention'~>. People face a large amount of complex information every day, but ultimately only some of the
information is perceived and processed. Among them, VWM, as a top-down cognitive processing process, plays
a certain role in guiding attention. The guidance of attention by VWM refers to the fact that when faced with
multiple choices, VWM representation will prioritize guiding individuals to pay attention to the same or similar
content. Specifically, VWM representation can serve as an attention template, guiding people to prioritize
attention to objects that match the template in a top-down manner during visual search®8. Research on VWM
guided attention often adopts a dual task processing paradigm, which requires participants to complete a visual
search task during memory tasks such as memorizing graphics or colors. It was found that during the visual
search process, when memory content reappears, regardless of whether it is searching for the target object or
interfering objects, individuals will receive priority attention!°. The study was supported by both eye tracking
data and ERP data!!!2, The biased competition model explains this phenomenon: during visual searches, objects
in the field of view compete with each other for limited attention resources. If the VWM representation is in a
pre-activated state, the perceptual representations that match it in the visual cortex are activated, making objects
in the field of view that match the VWM representation the “winner” and receiving priority attention, that is,
the VWM representation guides attention'>. Downing was the first to validate this model through dual task
machining experiments'®. In the experiment, participants were first presented with a facial image and asked to
memorize it; Then two facial images are presented simultaneously as clues, one is a previously memorized image,
which is the memory matching item, and the other is a new facial image, which is the non memory matching
item; Finally, present the target for detection reaction. The results showed that compared to non memory
matching items, participants responded faster to targets that were in the same position as the memory matching
items. Bahle et al. conducted a series of studies using real-life scenes as experimental materials and eye tracking
technology!®. The results showed that distractors matched with memory objects attracted the subjects’ first eye
twitching in visual search.
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However, studies have also found that VWM representations do not always guide attention!®. Olivers
attributed these differences to different types of visual search, which are related to whether the search target
randomly changes'”. Specifically, in Fan et al’s study, search targets are fixed and can be stored in long-term
memory to complete search tasks’. Therefore, working memory has sufficient resources to represent memory
items and form VWM representations. When an object appears in a search task that matches the VWM
representation, it guides attention. In Downing and Dodds’ study, the search target is randomly changing and
needs to be stored in working memory and in a priority processing state in order to complete the search task!®.
Therefore, a large amount of working memory resources are used to maintain search targets, preventing memory
items from guiding attention.

Oliver et al. proposed the Single Item Template Hypothesis (SIT) to explain the differences in VWM
representation'®. It is believed that there is only one representation in VWM that guides attention at a time.
VWM representation can be divided into two different types: activation type and accessory type. The VWM
representation in an activated state is the focus of the individual’s central executive process and the core of
cognitive processing, directly guiding attention; The VWM representation in an attached state is on the
periphery of individual cognitive processing and does not guide attention. Although individual working
memory capacity is generally maintained at 3-4 items, only one item can be activated at a time to guide selective
attention. If multiple identical items are retained in working memory, the mutual interference between items and
competition for resources can easily lead to each item not becoming an active state, but rather being referred
to as an attached state!®-2L. In previous studies involving fixed search targets, there was only one memory item
and no other competitors. Therefore, it belongs to the activation type and has a guiding effect on attention®. In
the study of random changes in search targets, there are two items included: memory content and targets. SIT
posits that only one item can become an activation type, and the search target has a competitive advantage, so the
target belongs to the activation type, while the memory item belongs to the subsidiary type and does not guide
attention'®. Further support for SIT comes from van Moorselaa et al.'s study?. The study presented memory
items with different loads and controlled the matching between distractors and memory items in visual search.
It was found that only when the memory load was 1, distractors that matched the VWM representations would
guide attention; Under other loads, distractors that match the VWM representations have no effect on attention.
This indicates that only one project can become an activation type at a time to guide attention.

The Multiple Item Template Hypothesis (MIT) presents an opposing view, suggesting that the representation
of multiple items in VWM can simultaneously guide attention?. Hollingworth and Beck conducted a study in
which participants were presented with two memory items while controlling for different matching conditions?*.
In the search task, there were either 1 or 2 distractors that matched the memory items. The results indicated that
under different matching conditions, interferents that matched VWM representations all had a guiding effect on
attention. Similarly, Fan et al. found in visual search tasks that two disruptors matching the VWM representation
simultaneously guided attention’. These results all support the MIT hypothesis.

The contradiction between the two hypotheses may be due to two reasons. Firstly, it may be related to whether
the memory items and distractors belong to the same category. VWM represents the guidance of attention based
on objects, and the similarity between memory items and distractors determines the size of the guidance effect®.
This means that attention is more easily directed towards external stimuli that are similar to the objects stored
in memory. When the memory item and the distractor belong to the same category, their similarity is higher,
which may lead to attention being more easily directed towards the distractor. This similarity matching enhances
the association between memory items and distractors, making attention more easily attracted to these similar
stimuli during the search process. At this point, distractors may become a “stumbling block” in the search process,
as they are highly similar in features to memory terms, making it difficult for searchers to distinguish between
targets and interferences, resulting in a decrease in search efficiency. When memory items and distractors do
not belong to the same category, their similarity is lower, which helps searchers focus more on features related
to the target. At this point, the guiding role of memory items in attention is more clear and specific, as it can
guide attention away from distractors that are dissimilar to memory items, thereby promoting the improvement
of search efficiency. Studies supporting SIT hypothesis often involve memory items and distractors belonging
to different categories; for example, van Moorselaa et al.'s study used colors as memory items and graphics as
distractors resulting in a smaller guidance effect when multiple items are remembered?’. Conversely, studies
supporting MIT hypothesis typically involve both memory items and distractors belonging to the same category;
for instance, Fan et al.'s study used colors for both memory items and distractors leading to a larger guidance
effect when multiple items are remembered”. Secondly, it may be related to the type of memory being tested.
Working memory is a complex cognitive system that contains different types of memory components, such as
visual spatial memory (used to store location, graphic, and other information), phonological loops (responsible
for processing sound and language information), episodic buffers (integrating information from different
memory subsystems), and central executive systems (dividing and scheduling various memory subsystems).
Different types of memory information may follow different mechanisms when guiding attention, thereby
affecting the applicability of SIT and MIT. Previous studies have explored this issue using a variety of memory
materials, including color, graphic, size, and other attributes, which correspond to different memory subsystems.
For example, color may rely more on visual spatial memory, while size may involve more abstract numerical or
spatial relationship processing. Due to the inconsistency in memory types among these studies, inconsistencies
have arisen between the experimental results. Some studies have found that compared with graphics, there is
a greater guidance effect on attention when remembering colors?. Therefore, it is necessary to select materials
again under conditions where memory items and belong or do not belong to the same category; different types
of memories should be selected for re-exploring SIT and MIT hypotheses.

Regarding the representation of VWM in guiding attention, it is consistent with SIT hypothesis or MIT
hypothesis. Hollingworth and Beck provided a good test method: In dual task processing, there are three
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types of matching between memory and search terms: M2-0, memorizing 2 items, and 0 stimuli in the search
material were the same as those in the memory material; M2-1 memorizing 2 items, and 1 stimulus in the
search material was the same as that in the memory material; M2-2, memorizing 2 items, 2 stimuli in the search
material were the same as the memorized material. If SIT hypothesis is true, when remembering 2 items, only
one item can become the activated type to guide attention?!. In the M2-1 condition, if the memory item that
becomes the activated type matches the distractor, it produces a guidance effect (reaction time: M2-1>M2-0);
if the non-activated type memory item matches the distractor, it does not produce a guidance effect (reaction
time: M2-1=M2-0). In the M2-2 condition, it definitely includes a memory item that becomes an activated
type matching with the distractor, producing a guidance effect (reaction time: M2-2 > M2-0). If MIT hypothesis
is true, when remembering 2 items, both items can simultaneously guide attention. In both M2-1 and M2-2
conditions, guidance effects will occur (reaction time: M2-1>M2-0; M2-2>M2-0), and M2-2's guidance effect
is greater than that of M2-1(reaction time:M2-2 > M2-1). Therefore, SIT holds whenM2-2 > M2-0, M2-1>M2-0
and M2-2=M2-1, or when M2-2>M2-0, M2-1=M2-0 and M2-2>M2-1; MIT holds when M2-2>M2-0,
M2-1>M2-0, and M2-2>M2-1.

In summary, VWM representation has a certain guiding effect on attention. However, it is unclear whether
VWM only allows single item guided attention (SIT) or multiple items can guide attention simultaneously (MIT).
Based on the causes of SIT and MIT, this study aims to further explore the guidance of VWM representation on
attention by controlling different types of memory, whether memory items and distractors belong to the same
category.

Experiment 1: Memory items and distractors are of the same category

Method

Subject

32 college students participated in this experiment, with 16 males and 16 females, with an average age of
19.45 years old. The subjects were all right-handed and had no color blindness or color weakness.

Instruments and experimental materials
Presenting stimuli on a 15 inch color screen with an E-prime2.0 resolution of 1920 * 1080. The subjects are
approximately 65 cm away from the screen.

The memory task material consists of six different graphics and six different colors. The graphics are squares,
hexagons, circles, crosses, triangles, and diamonds (2.43° x 2.43°, with a line thickness of 0.18°); The colors are
red, yellow, blue, green, purple, and orange, with RGB values of 197, 149,162; 255, 245, 79; 20, 112, 192; 64, 176,
80; 112, 48, 160; 237, 125, 49%.

The visual search task material consists of a combination of the aforementioned memory material and three
different directional line segments. The size of the line segment is 0.31° x 0.14°, including three directions: tilt 30°
to the left, tilt 30° to the right, and in the vertical direction.

Experimental design
Adopting a 2 (memory type: color, graphic) x 3 (matching type: M2-0, M2-1, M2-2) within subject design. The
dependent variables are reaction time for visual search tasks and accuracy for memory tasks.

Experimental process

In order to minimize the influence of verbal working memory on attentional guidance, a pronunciation
inhibition was employed to prevent speech processing?’. Prior to the experiment, participants were presented
with four random numbers and instructed to verbally repeat them at a frequency of two times per second
during the experiment. The participants initiated the experiment by both repeating the numbers and pressing
the spacebar. The experimental procedure began with a fixation point displayed at the center of the screen for
500-1000 ms. This was followed by the presentation of a memory material lasting 1000 ms (consisting of two
different graphics or colors, displayed on either side of the fixation point). Subsequently, an empty screen was
shown for 800 ms before presenting four visual search materials for 3000 ms (3 combination graphics containing
vertical line segments and 1 combination graphic containing left or right oblique line segments), randomly
distributed at positions 1, 4, 7, and 10 oclock on an imaginary disk with a viewing angle of 6° from the fixation
point. Among them, the graphics of the left and right slanted line segments appear randomly, each accounting
for 50%. Subjects were required to search for tilted line segments within these materials and respond by pressing
either “F” when encountering a left slanted line segment or “J” when encountering a right angled line segment
as quickly and accurately as possible. Following their response, there was an additional blank screen presented
for 500 ms before displaying a memory detection interface where participants judged whether it matched with
the initial memory material (pressing “F” if it matched and “J” if it did not match, each accounting for 50%). See
Fig. 1.

The experiment consisted of three matching types: M2-0, memorizing 2 items, and 0 stimuli in the search
material were the same as those in the memory material; M2-1 memorizing 2 items, and 1 stimulus in the
search material was the same as that in the memory material; M2-2, memorizing 2 items, 2 stimuli in the search
material were the same as the memorized material. The experiment was divided into 2 blocks, including graphics
and colors respectively, and the blocks were presented randomly among the subjects. Each block contains 90
trials, and the three matching types appear randomly in each block, each accounting for 1/3 of the trials.

Results
One participant with an error rate of more than 20% was excluded from the analysis. The accuracy rate of memory
task was analyzed by repeated measurement variance (Table 1). The results revealed a significant main effect
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Fig. 1. Flow diagram under M2-1 condition when the memory type and the distracts are of the same category.

M2-0 M2-1 M2-2
Colour | .94+.07 (718.084+35.17) | .96+.04 (750.48 +35.97) | .96 +.03 (766.97 +37.18)
Graphics | .93+.07 (892.50+41.21) | .92+.07 (929.45+45.91) | .92+ .08 (915.30 £47.68)

Table 1. Memory task accuracy rate and search task response time (T +s, n=31). Accuracy outside
parentheses and reaction time inside parentheses.

EM2-0 mM2-1 mM2-2 *
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colour graphics

Fig. 2. Search reaction time under various conditions (the vertical line represents the standard error, *p <.05,
**p <.01, same below).

of memory type, F (1,30)=11.06, p=.002, 7, ?=.269, BF,  =14.062, with higher memory accuracy in the color
condition compared to the graph condition. The main effect of matching type was not significant, F (2,60) = .417,
p>.05, BF, =.377. However, there was a significant interaction between memory type and matching type, F
(2,60)=4.05, p=.025, 1 2= 119, BF,,=1.728. Simple effect analysis showed that under the color condition, the
memory accuracy of M2-2 and M2-1 was significantly higher than that of M2-0, but there was no significant
difference between M2-2 and M2-1. There was no significant difference in the memory accuracy of M2-2, M2-1
and M2-0 under the graph condition.

As this study focuses on the influence of VWM representation on attentional guidance, the experiment
only included trials where both visual search task and memory detection task were performed accurately, and
data outside these criteria were excluded!?. To test the reliability of response time, we performed an odd-even
split-half analysis for different memory types®®. The results revealed a high internal reliability, r _, =.96,
P<00L5 7 e =-95> p<.001. Repeated measures of ANOVA were conducted for response to the search task,
with multiple comparisons performed using the Bonferroni correction method (Table 1 and Fig. 2). The results
revealed a significant main effect of memory type, F (1,30)=46.09, p<.001, 7, >=.606, BF,,>1000, with longer
search response time in the graphic condition compared to the color condition. The main effect of matching
type was significant, F (2,60)=17.91, p<.001, ,2=.374, BF, > 1000. The interaction margin between memory
type and matching type was significant, F (2,60) =2.82, p=.068, 1, *=.086, BF,,=5.144. Simple effect analysis
showed that under color conditions, the search response time of M5-2 was significantly longer than that of M2-
0, t(30)=5.14, p<.001, Cohen’s d=0.24; the search response time of M2-1 was significantly longer than that of
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Fig. 3. Flow diagram under M2-1 condition when the memory type and the distracts are of different
categories.

M2-0 M2-1 M2-2
Colour | .91+.07 (942.90+39.61) |.90+.10 (1038.3£44.19) | .92+.09 (1046 +41.74)
Graphics | .92:+.09 (811.50+29.65) | .92+.08 (874.36£32.93) | .92+ .08 (874.72+29.95)

Table 2. Memory task accuracy rate and search task response time (T +s, n=30). Accuracy outside
parentheses and reaction time inside parentheses.

M2-0, #(30) =4.34, p<.001, Cohen’s d=0.26; the search response time of M2-2 was significantly longer than that
of M2-1, #(30) =5.68, p <.001, Cohen’s d=0.70. Under the graph condition, the search response time of M2-2 is
significantly longer than that of M2-0, #(30) =1.93, p <.05, Cohen’s d=0.19; the search response time of M2-1 is
significantly longer than that of M2-0, #(30) =3.304, p <.05, Cohen’s d=0.15; there is no significant difference
between M2-2 and M2-1. The results show that under the color condition, multiple item representations in
VWM can simultaneously guide attention, supporting the MIT hypothesis; Under the graphic condition,
Although VWM representation also has a guiding effect on attention, multiple item representations in VWM
cannot simultaneously guide attention, supporting the SIT hypothesis.

Experiment 2: Memory items and distracts are of different categories

Method

Subject

32 college students participated in this experiment, with 8 males and 24females, with an average age of 20.20 years
old. The subjects were all right-handed and had no color blindness or color weakness.

Instruments and experimental materials

The experiment is essentially the same as Experiment 1, with the visual search task materials containing not
only the existing materials from Experiment 1, but also a combination of graphics featuring different colors and
vertical line segments.

Experimental design
Same as Experiment 1.

Experimental process

It is basically the same as Experiment 1. The differences are as follows: in Experiment 1, the distracts in memory
materials and visual search materials are of the same category; In Experiment 2, there were different types of
distracts in memory materials and visual search materials (see Fig. 3).

Results

Two participants with an error rate of more than 20% were excluded from the analysis. The accuracy rate of
memory task was analyzed by repeated measurement variance (Table 2). The results indicated that neither the
main effect nor interaction effect were significant, Fs<.78, ps>.384, BF 10<:259.

As this study focuses on the influence of VWM representation on attentional guidance, the experiment
only included trials where both visual search task and memory detection task were performed accurately, and
data outside these criteria were excluded'2 To test the reliability of response time, we performed an odd-even
split-half analysis for different memory types?®?. The results revealed a high internal reliability, r _, ~=.97,

<00k 7 i =94 p<.001. Repeated measures of ANOVA were performed for response to the search task,
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Fig. 4. Search response time for different categories of memory types and distracts.

with multiple comparisons performed using the Bonferroni correction method (Table 2 and Fig. 4). The results
revealed a significant main effect of memory type, F (1,29) =40.88, p<.001, # 2= .585, BF,,> 1000, with longer
search response time in the color condition compared to the graph condition. The main effect of matching type
was significant, F (2,58) =29.511, p<.001, 2= 504, BF,;>1000. When the memory type was color or graph, the
search response time of M2-2 was significantly longer than that of M2-0, #(59)=7.38, p <.001, Cohen’s d=0.40;
the search response time of M2-1 was significantly longer than that of M2-0, #(59)=6.16, p<.001, Cohen’s
d=0.37; there was no significant difference between M2-2 and M1-1. The interaction between these factors was
not significant, F (2,58) =1.880, p>.05, BF ;<0.613. The results indicate that the VWM representation has a
guiding effect on attention, but multiple item representations in VWM cannot simultaneously guide attention,
supporting the SIT hypothesis.

Discussion

In this study, two experiments were conducted to investigate the influence of multiple item representations on
attention in VWM. Experiment 1 demonstrated that when memory items and distractors belong to the same
category, a color-based multiple item representations in VWM guide attention and support MIT hypothesis.
However, when the memory type is graphic, the multiple item representations in VWM do not lead to attention,
suggesting that MIT is not fully established. Building upon these findings, Experiment 2 manipulated the
relationship between memory items and distractors. The results indicate that under different categories of
memory items and distractors, when the memory type is color or graphic, VWM representation also guides
attention, but multiple item representations in VWM cannot simultaneously guide attention, supporting
the SIT hypothesis. The ability of multiple item representations in VWM to simultaneously guide attention
is significantly influenced by memory types and the relationship between memory items and categories of
distractors. Specifically, when the memory type is color and the memory item is in the same category as the
distractor, multiple item representations in VWM can simultaneously guide attention, supporting the MIT
hypothesis; However, when the memory type is graphic or the memory item is of a different category from the
distractor, multiple item representations in VWM cannot simultaneously guide attention, supporting the SIT
hypothesis.

In Experiment 1, when two colors are used as memory items, both M2-2 and M2-1 matching types have a
guiding effect on attention during visual search tasks with response times showing M2-2>M2-1. This suggests
that multiple item representations in VWM simultaneously guide attention and support MIT hypothesis. This
is consistent with the findings of Beck et al.?%. They used eye tracking methods and asked participants to search
for two colors. Under sequential search conditions, where participants searched for one color before searching
for another, time conversion costs were observed. However, under simultaneous search conditions, participants
were able to switch between the two search colors without incurring any time conversion cost. This indicates
that two colors as VWM representations can simultaneously guide attention, the results support the MIT
hypothesis. However, Beck’s study was conducted under conditions where memory items were associated with
search tasks?’. In contrast, Experiment 1 expanded the scope by demonstrating that the guidance effect still
occurs even when memory items are independent of search tasks, providing more comprehensive support for
MIT hypothesis. Previous research has shown that individuals can maintain 3 to 4 items in VWM?°. When the
number of memories exceeds 4, i.e. exceeds the memory capacity of VWM, individuals need to consume a large
amount of cognitive resources for maintenance. Due to the limited cognitive resources, they are less susceptible
to interference in simultaneous visual search tasks, and the guidance effect will completely disappear. When the
number of memories is within the capacity range, individuals do not need too many resources to maintain, and
are susceptible to interference in simultaneous visual search tasks, resulting in a guiding effect.

However, in Experiment 1, when the memory item consisted of two graphics, both M2-2 and M2-1 matching
types had a guiding effect on attention in visual search. However, the response time was found to be equal
for M2-2 and M2-1. It was indicated that multiple item representations in VWM cannot simultaneously guide
attention, the results support the SIT hypothesis. However, there are significant differences in the results under
different types of memory. Whether multiple item representations in VWM can simultaneously guide attention
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is significantly influenced by memory types. This finding is consistent with Zhang et al.'s research, which
suggested that color attribute in VWM has a stronger guiding effect in visual search compared to other stimulus
attributes such as orientation and graphic®®. The dimension weight theory suggests that individuals assign
different attention weights to each dimension of visual stimuli during visual processing®'. Attention weights are
influenced both from top to bottom (such as stimuli related to the target receiving more weight and attention)
and from bottom to top (such as stimuli with higher significance in search contexts receiving more weight and
attention). Compared to graphics with low saliency, colors with high saliency gain greater attention weights, and
stimuli with high saliency have an advantage in capturing attention from bottom to top, even eliminating top-
down attention capture®. Therefore, in Experiment 1, compared to the memory type of graphics, it is easier to
capture attention when the memory type is color, demonstrating the guidance of multiple item representations
on attention. The accuracy of memory also indirectly provides evidence for this observation.. Under color
conditions, there was no significant difference in memory accuracy between M2-2 and M2-1, but both were
higher than M2-0; Under graphic conditions, there was no significant difference in memory accuracy between
M2-2, M2-1, and M2-0. From a side perspective, compared to graphics, individuals are more sensitive to colors
and have a deeper memory.

In summary, SIT and MIT are two important hypotheses regarding the role of multiple VWM representations
in attention guidance, both of which have their own validity, but are regulated by memory types. SIT hypothesis
believes that at any given time, VWM can only process or store one item as the focus of attention. Although the
total capacity of VWM may support storing multiple items simultaneously (usually considered 3-4), only one
item can be active, guiding attention. MIT hypothesis believes that VWM can simultaneously process or store
multiple projects, all of which can guide attention to a certain extent. However, multiple VWM representations
are regulated by memory types (color and graphic) for attention guidance.

When the memory type is color, the multiple item representations in VWM guide attention and support the
MIT hypothesis; When the memory type is graphic, the multiple item representation in VWM cannot guide
attention, supporting the SIT hypothesis. On the one hand, color is a highly salient visual feature that is easy to
highlight and capture attention in visual scenes. Therefore, when the memory type is color, color representation
is more likely to become the focus of attention. Compared to color memory, graphic memory is less likely to
capture attention. Although graphic features are important, they are usually not as prominent or distinguishable
as colors. On the other hand, the guiding role of VWM in attention involves top-down cognitive processing.
The representation of objects in working memory will guide attention to prioritize the selection of objects that
match or are similar to them in the visual context in a top-down manner. Color and graphics, as different types
of memory, have different ways of representation and processing mechanisms in VWM. Color representation
relies more on low-level visual feature processing, making the task relatively easy and consuming less cognitive
resources; However, graphic representation involves more complex analysis of graphics and structures, making
the task relatively difficult and consuming more cognitive resources.

Compared to Experiment 1, where the memory item and the distractors are of the same category, Experiment
2 was conducted under conditions where the memory item and the distracts are of the different categories.
The results showed that M2-2 and M2-1 matching types had guiding effects on attention when the memory
items were 2 graphics or 2 colors, but the response time is M2-2=M2-1. This indicates that multiple item
representations in VWM cannot guide attention and support SIT. This is different from Experiment 1, when
the memory type is color, the multiple item representation in VWM can guide attention simultaneously. It
shows that whether the stimulus can capture attention is not only determined by the characteristic attributes
but also by whether the memory item and the distracter are in the same category, which reduces the guidance
of color attributes to attention. This finding is consistent with previous studies. For example, van Moorselaa et
al.'s study found that when memory items are colors and distractors are graphics (different categories), results
support SIT?. In Fan et al.'s study, both memory items and interference items are colors belonging to the same
category, supporting MIT”. Perceptual load theory can explain this phenomenon. According to this theory, the
perceived task load determines the allocation of attention resources. When the perceived task load is low, only
a part of attention resources are required for cognitive processing while other resources automatically process
distractors causing interference effects. When the perceived task load is high, a large amount or even all attention
resources are required for cognitive processing, and distractions unrelated to the task are automatically filtered
and will not be processed®*. In this study, Experiment 2 is characterized by a higher perceptual load compared
to Experiment 1. This is due to the fact that memory items and distractors belong to different categories, thus
requiring more cognitive resources for processing. Consequently, when attention resources are limited, the
impact of memory-matched distractors on attentional allocation diminishes, while the influence of task-related
targets increases. Indirect evidence supporting this notion comes from memory accuracy data. Specifically,
Experiment 2 demonstrated no significant difference in the memory accuracy of M2-2, M2-1 and M2-0 under
color and figure conditions when compared to Experiment 1. This suggests that the heightened perceptual load
in Experiment 2 leads individuals to be less sensitive to color itself and instead prioritize attention towards the
specific task at hand.

In summary, whether multiple item representations in VWM can simultaneously guide attention is influenced
by whether the memory term and interference term belong to the same category. Working memory is a complex
cognitive system that contains multiple memory components. When memory items and distractors belong to the
same category, such as both colors, these similar memory information may rely on the same memory subsystem
for processing. Due to the similarity in features, working memory needs to distinguish and select targets more
finely. Therefore, multiple item representations in VWM can simultaneously guide attention, supporting the
MIT hypothesis. When the memory item and distractor are not of the same category, such as remembering color
and distractor being graphic, these different memory information may rely on different memory subsystems
for processing. At this point, due to the mismatch of features caused by category differences, working memory
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is more likely to exclude distractors that match the memory item. Therefore, multiple item representations in
VWM can not simultaneously guide attention, supporting the SIT hypothesis.

It’s noteworthy that Experiment 2 revealed that even when the memory item and the search item belong to
different categories, individual working memory still directs attention. A possible explanation is that Woodman
et al. found that people can use sequential encoding to sequentially encode items into working memory, and
the memory retention effect is the same as simultaneous encoding®®. This result is also supported by Chung
et al.®. Zhao and Vogel further revealed that sequential encoding and simultaneous encoding have the same
individual differences*. This indicates that VWM resources have flexibility, as they can not only handle multiple
projects simultaneously, but also store and extract information in sequence. Whether the memory items are
encoded sequentially before or simultaneously with the search task, they can effectively guide attention during
the search process. When the memory item is prioritized for encoding, its representation occupies the dominant
weight in the VWM resource pool; Subsequently, when performing search tasks, although the categories of
interference and memory items are different, the sustained activity of VWM resources still maintains a high level
of activation of memory representations, helping individuals quickly identify and prioritize information related
to memory items.

This study has certain limitations: the search target only appears in new items, and the memory items are only
matched with interference items that do not include the search target, which may affect the generalizability of the
research results. In the future, further exploration can be conducted on whether the search task response time
is different when the search target appears in a memory item or a new item under M2-1 or M2-2 conditions, in
order to further expand this study.

Conclusions

Whether multiple item representations in VWM can simultaneously guide attention is significantly influenced
by memory types and the relationship between memory items and categories of distractors. Specifically,
when the memory type is color and the memory item is in the same category as the distractor, multiple item
representations in VWM can simultaneously guide attention, supporting the MIT hypothesis; However, when
the memory type is graphic or the memory item is of a different category from the distractor, multiple item
representations in VWM cannot simultaneously guide attention, supporting the SIT hypothesis.
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