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Abstract

Visual working memory is a core cognitive system for the short-term storage
and online processing of visual information, and its information processing flexi-
bility depends on the directional regulation of internal attention. The retro-cue
paradigm is a key tool for exploring the relationship between the two; by pre-
senting a cue after the memory array and before the probe test, it triggers the
retro-cue benefit, which intuitively reflects the advantage of internal attentional
selection. Based on the continuous resource model, this study systematically re-
views relevant research and demonstrates that the formation of the internal
attentional selection advantage is predicated on the degree of working memory
consolidation, a prerequisite that determines the effectiveness of the retro-cue.

Building upon this, it is necessary to rely on sustained attention to maintain
the stable activation of target representations and to optimize memory perfor-
mance by improving the quality of information accumulation during the decision-
making stage. Meanwhile, temporal dynamics, changes in memory items, cue
variations, and external interference dynamically influence the effect of internal
attentional selection by modulating the efficiency of working memory resource
allocation and representational stability.

Accordingly, this study constructs an integrated cognitive model of the mech-
anisms underlying the internal attentional selection advantage and its inter-
actions with influencing factors. Based on this model, future research should
further focus on active inhibition mechanisms, complex stimulus processing, and
the internal attentional characteristics of populations with neurodevelopmental
disorders, thereby providing new perspectives for an in-depth understanding of
the process by which internal attention flexibly manages information in visual
working memory.
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Abstract: Visual working memory (VWM) is a core cognitive system for the
short-term storage and online processing of visual information. The flexibility
of its information processing depends on the directional regulation of internal
attention. The retro-cue paradigm is a critical tool for exploring the relation-
ship between these two components. By presenting a cue after the memory
array but before the probe test, this paradigm triggers a “retro-cue benefit,”
which intuitively reflects the advantage of internal attentional selection. Based
on the continuous resource model, this study systematically reviews relevant
research and demonstrates that the formation of the internal attentional selec-
tion advantage is predicated on the degree of working memory consolidation;
this prerequisite determines the effectiveness of the retro-cue. Building upon
this, stable activation of target representations must be maintained through
sustained attention, and memory performance is optimized by improving the
quality of information accumulation during the decision-making stage. Factors
such as time course, changes in memory items, cue variations, and external in-
terference dynamically influence the effects of internal attentional selection by
modulating the efficiency of VWM resource allocation and representational sta-
bility. Accordingly, this study constructs an integrated cognitive model of the
mechanisms underlying the internal attentional selection advantage and its in-
teraction with influencing factors. Based on this model, future research should
further focus on active inhibition mechanisms, complex stimuli processing, and
the internal attentional characteristics of populations with neurodevelopmental
disorders, thereby providing new perspectives for understanding the process of
flexible information management in VWM via internal attention.

Keywords: Visual working memory, Internal attention, Internal attentional
selection advantage, Retro-cue, Retro-cue paradigm

As a core component of high-level cognitive systems, Visual Working Memory
(VWM) performs the critical functions of short-term storage and online process-
ing of visual information. How its limited capacity adapts to the demands for
information processing flexibility in cognitive tasks remains a central issue of
long-standing interest to researchers. In complex cognitive scenarios, individ-
uals often need to accurately filter and prioritize information relevant to the
current task from multiple representations stored in VWM. This process relies
on the directional regulation of internal attention. Unlike external attention,
which focuses on external sensory stimuli, internal attention operates on rep-
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resentations generated or maintained within VWM. By dynamically adjusting
the priority of these representations, internal attention keeps target informa-
tion active while inhibiting interference from irrelevant information, ultimately
optimizing behavioral performance [?].

How, then, can the effects of internal attentional selection be effectively isolated
from VWM behavioral performance? The retro-cue paradigm is an effective ex-
perimental framework for manipulating internal attentional selection [?]. By
presenting a cue pointing to a target item during the interval after the memory
array and before the probe test, the paradigm prompts individuals to selectively
direct their attention to the location of the target representation within VWM.
Essentially, this involves the prioritized processing of specific memory represen-
tations during the maintenance phase after VWM encoding is complete. In this
paradigm, the validity of the retro-cue modulates VWM performance. When
the retro-cue is valid (pointing to the location of the item to be tested), mem-
ory performance is significantly better than in the neutral retro-cue condition
(where there is no specific directionality); this phenomenon is known as the
“Retro-Cue Benefit (RCB)” [?]. Conversely, when the retro-cue is invalid (point-
ing to a non-tested item), memory performance is impaired compared to the
neutral condition, a phenomenon termed the “Retro-Cue Cost (RCC).” These
differences in memory performance arise because the internal attentional selec-
tion triggered by the retro-cue activates both the shared attentional network
(common to internal and external attention) and neural networks unique to in-
ternal attention, while also modulating activity in the sensory cortex related to
VWM representations [?]. Thus, the RCB reflects the positive regulatory ad-
vantage of internal attention on target representations: internal attention can
allocate VWM resources, directionally activate target representations and their
corresponding neural encoding regions, and optimize encoding quality, thereby
enhancing memory performance. In contrast, the RCC reflects the selection
cost when internal attention deviates from the target. For instance, increased
activity in neural regions associated with non-cued items may weaken the neural
encoding strength of the target representation through resource competition or
inhibitory regulation. Together, both confirm that internal attentional selection
possesses both goal-directedness and resource allocation capabilities. However,
unlike the RCC, which reflects the “dispersion of resources toward non-targets,”
the RCB more intuitively demonstrates the tilting of resource weights toward
the target item. This allows the target representation to be processed prefer-
entially at a lower cost and prospectively transformed into a representational
format conducive to subsequent probing. This is precisely where the “advantage”
of internal attentional selection lies. Therefore, the investigation of the internal
attentional selection advantage is essentially an observation of the mechanisms
generating the RCB [?].

Furthermore, the differences in resource allocation reflected by RCB and RCC
during target selection can be robustly supported by the continuous resource
model. This model emphasizes that continuous storage resources in VWM can
be flexibly allocated, with memory items prioritized by internal attention receiv-
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ing more resources [?]. The continuous resource model is used as a theoretical
foundation because the effect of internal attentional selection is not a binary
distinction of whether a memory representation is stored, but rather a gradient
difference in representational quality and memory performance. Theoretically,
this requires a model capable of describing the continuous changes in represen-
tational quality that occur with internal attentional selection. On this basis, the
continuous resource model demonstrates unique advantages: it treats the noisi-
ness of internal representations in VWM as an inherent property under limited
resource constraints. This property is the cause of representational uncertainty,
providing a plausible explanation for how internal attentional selection in the
retro-cue paradigm alters that uncertainty. Specifically, internal representa-
tions in VWM are affected by neural noise, leading to random variations across
trials that manifest as uncertainty at the representational level. Cognitive pro-
cessing is not a direct readout of memory representation information but rather
an inference based on these uncertain representations, where uncertainty infor-
mation is progressively integrated during decision-making to guide behavior [?].
Within this framework, the continuous resource model can explain the magni-
tude and variation of uncertainty triggered by cues through gradient differences
and fluctuations in resource allocation. It utilizes neural and behavioral indices
to achieve a refined estimation of the resource trade-off between target and
non-target representations.

It is evident that the core of internal attentional selection in VWM is the al-
location of and competition for limited resources. In this “resource struggle,”
researchers believe that the functional utility of the retro-cue depends on four
characteristics: the time course (critical temporal parameters of different VWM
stages); splitting attention between multiple WM items (resource competition
among multiple memory items); strategic control (individual adjustment of cog-
nitive strategies); and resistance to distraction (resisting external interference
to ensure the stability of target representations) [?]. Correspondingly, influ-
encing factors can alter the effectiveness of retro-cues in modulating internal
attentional selection. Existing research provides support for this; for example,
the internal attentional selection advantage increases as the Cue-Test Interval
(CTI) lengthens, reaching an optimal level at 400ms [?]. Moreover, the selec-
tion advantage varies with memory load, with the RCB under low memory load
conditions being significantly higher than under high memory load conditions
[?]. Furthermore, when multiple retro-cues are set in a task requiring individ-
uals to allocate resources to several target items simultaneously, individuals
can maintain prioritized processing of target items through inhibitory regula-
tion of irrelevant information. This allows an RCB to still be generated under
multi-cue conditions, though its effect size is markedly lower than in single-cue
conditions [?]. Additionally, studies introducing masking or task interference
during the VWM maintenance phase found that RCBs were generated in retro-
cue conditions, with memory performance significantly better than in neutral
cue conditions where interference was present [?, ?]. Accordingly, by synthesiz-
ing previous research, this study categorizes the factors influencing the internal
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attentional selection advantage into four dimensions: time course, memory item
changes, cue variations, and external interference, which will be explored in de-
tail subsequently. According to the aforementioned views, the generation of the
internal attentional selection advantage is not dominated by a single element
but is a relatively complex process.

Therefore, the reasons for differences in its performance cannot be generalized;
they should be examined from a multidimensional perspective involving the
interaction between core mechanisms and influencing factors.

1. Shepherdson FA (2018) @IEMNFEHE (FEHEF). iBiZHh
fii (1~-8 4 mH),

Furthermore, research utilizing various CTTs (100/400/2000 ms) has found that
when letters are presented simultaneously, the Retro-Cue Benefit (RCB) is ob-
served in both memory accuracy and reaction times under cued conditions.
Conversely, when words are presented sequentially, the RCB manifests only
in reaction times, regardless of changes in CTI or memory load; no significant
effect is observed in accuracy. While that study inferred that the absence of
the RCB might stem from differences in the representation types of the stimu-
lus materials, it overlooked the potential influence of the stimulus presentation
format. Subsequently, Niklaus et al. (2019) employed either words or colored
circles as memory items using a consistent sequential presentation method. By
fixing the CTT (500 ms) and memory load (5-6 items) while adjusting stimulus
intervals to alter task structure, their results consistently showed that the RCB
appeared only in reaction times rather than accuracy. This suggests that the
absence or attenuation of the RCB at the accuracy level involves not only stim-
ulus representation and presentation modes but is also closely related to task
structure and differences in processing mechanisms. Consequently, the present
study attempts to construct a cognitive model by integrating the generation
mechanisms and influencing factors of the internal attentional selection advan-
tage. By synthesizing these internal correlations, we aim to provide critical
support for clarifying the conditions and mechanisms under which the RCB is
generated and optimized.

In summary, the emergence of the internal attentional selection advantage
aligns with the perspective of a “subjective optimal strategy under resource
constraints.” That is, under the constraints of limited storage resources, indi-
viduals tend to process items—whether selected by internal attention or not—
in a manner that is most beneficial to behavioral outcomes and convenient to
execute (Fu, Wang, et al., 2020). However, in the process of achieving flexi-
ble management of information within Visual Working Memory (VWM), what
specific factors lead to the generation, attenuation, or absence of the internal
attentional selection advantage? Which factors influence the manifestation of
this advantage across different retro-cue paradigms and their variants, and how
do these factors regulate memory performance via retro-cues? In light of these
questions, the author systematically reviews the generation mechanisms and in-
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fluencing factors of the internal attentional selection advantage based on the
retro-cue paradigm. This approach aims to provide a deeper understanding of
how internal attentional selection impacts information maintained in VWM.

2 REERIERMBE LR

Existing research generally posits that the core function of the Retro-cue Benefit
(RCB) lies in optimizing internal representations within Visual Working Mem-
ory (VWM), thereby enhancing memory performance. However, exploring the
origins of the RCB requires more than just describing its functional outcomes;
it necessitates clarifying the underlying process by which internal attentional se-
lection advantages are realized (Fu, 2020). The two-stage prioritized processing
model suggests that the generation of internal attentional selection advantages
consists of two distinct phases: “internal attentional orientation and selection”
and “representational state reconstruction” (Myers et al., 2017). The former
phase relies on the dorsal frontoparietal attention network to lock onto target
items and briefly activate their sensory representations. The latter phase de-
pends on the synergistic action of the ventrolateral prefrontal cortex and the
striatum to transform these sensory representations into behaviorally oriented
representations (e.g., establishing the relationship between target features and
key-press rules), thereby constructing a “perceptual representation-behavioral
output” mapping. This model further contends that target localization and pre-
liminary activation can be completed through brief neural activity following the
presentation of a retro-cue, without requiring sustained attention. However,
current cognitive neuroscience evidence indicates that maintaining representa-
tions with different priorities requires continuous allocation of attentional re-
sources and functional coupling between specific brain regions (Yu et al., 2020),
a phenomenon that is particularly evident under conditions involving multiple
retro-cues or variations in retro-cue validity.

This suggests that the model’ s description of the dynamic mechanisms during
the “representational state reconstruction” phase is oversimplified, as it lacks the
process of “sustained attention for the dynamic maintenance and regulation of
representations.” This process maintains the prioritized processing of target rep-
resentations through dynamic resource allocation and interference suppression
mechanisms, likely relying on continuous coupling between the frontoparietal
attention network and the early visual cortex (Yu et al., 2020). Overall, refin-
ing this model would further clarify that the formation of internal attentional
selection advantages is grounded in the sufficiency of VWM consolidation dur-
ing the initial encoding stage. Its effectiveness depends on the support provided
by sustained attention for the activation and state regulation of target repre-
sentations during the VWM maintenance phase, ultimately enhancing memory
performance by optimizing the quality of information during decision-making
and output.
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2.1 RfEfFes: ICIZAEFRSERENERERERERMINGEN L1

Visual working memory (VWM) consolidation is the process of transforming
transient visual input into stable representations. The sufficiency of this process
is reflected in whether the memory representation reaches a steady state, with
consolidation time (CT) serving as a critical metric for this status [?]. Consol-
idation sufficiency determines whether retro-cues can effectively guide internal
attention for selection and orientation. According to the two-stage model of
VWM resource allocation proposed by Ye et al. (2019), the early stage involves
the automatic allocation of resources to memory items in a stimulus-driven
manner, resulting only in low-precision representations. Once consolidation is
sufficient, processing enters a late stage where individuals can flexibly adjust
resource allocation based on task demands. Fully consolidated representations,
once selected by attention, are less susceptible to interference or temporal decay
[?], suggesting that only insufficiently consolidated representations benefit from
retro-cues.

Research indicates that the consolidation of a single stimulus requires approxi-
mately 600-700 ms [?]. Using sequential presentation of memory materials, Luo
et al. (2023) found that when the CT was 200 ms (leading to insufficient con-
solidation), a significant retro-cue benefit (RCB) emerged, markedly improving
memory accuracy. Conversely, when the CT reached 700 ms (achieving suffi-
cient consolidation), the RCB disappeared, and retro-cues had no significant
effect on accuracy. The mechanism underlying this result is that sequential
presentation forces VWM consolidation to proceed serially, with each item oc-
cupying attentional resources in turn. When the CT for a single item reaches
the critical threshold (600-700 ms), all items obtain sufficient resources to form
stable representations, leaving no room for retro-cues to provide further benefit.
This mechanism also explains the findings of Niklaus et al. (2019); although
they observed a recency effect in stimulus sequences, they found no significant
RCB for the final item in terms of accuracy. Since the CT for the final item
was approximately 950 ms, its consolidation sufficiency was much higher than
that of other items (500 ms/item), making it difficult for retro-cues to further
enhance performance. In contrast, Shepherdson et al. (2018) found no RCB for
memory accuracy even when the CT for each word item was insufficient. The
core reason was their use of gapless sequential presentation. The lack of an inter-
stimulus interval hindered the transformation of transient memory into VWM.
Not only was the neural activation of these representations quickly suppressed
by subsequent items, making it difficult to form stable representations, but it
may also have triggered mutual inhibition between neurons in the early visual
cortex and verbal processing areas [?]. This ultimately led to the absence of an
accuracy advantage for internal attentional selection. This further suggests that
the attenuation of the RCB stems not only from full consolidation or a total lack
of consolidation but also from the competition triggered by the consolidation
process itself under sequential presentation conditions.

The aforementioned studies all utilized experimental designs with sequential
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stimulus presentation. However, this does not fully explain the attenuation of
the RCB observed in classical retro-cue paradigms where stimuli are presented
simultaneously [?, ?, ?]. Based on the two-stage model of VWM resource allo-
cation, the stimulus presentation time per item (total presentation time divided
by the number of items) during the early stage is a key component of CT. If
this time is less than 100 ms per item, individuals find it difficult to actively
allocate resources later, preventing an active trade-off between the precision and
quantity of VWM representations [?].

In such cases, retro-cues can compensate for insufficient early processing by
reactivating target-related neural representations, thereby generating an RCB.
Building on this, Luo et al. (2023) presented four colored squares simultaneously
for 400 ms (100 ms/item) and set a short CT of 200 ms/item and a long CT
of 700 ms/item. They found that the long CT significantly weakened the RCB
due to sufficient representation consolidation. This indicates that during simul-
taneous presentation, VWM consolidation proceeds via parallel processing, and
the generation of the RCB is jointly regulated by VWM capacity limits and the
available CT window.

Additional electroencephalographic (EEG) evidence suggests that low-
complexity features, such as color, can be rapidly consolidated through parallel
processing in the early visual cortex, with a VWM consolidation bandwidth
supporting two items simultaneously. In contrast, high-complexity features,
such as orientation, rely on serial processing in the parietal lobe, with a
bandwidth supporting only one item [?]. Does this imply that orientation
features are more likely to yield an RCB due to limited consolidation sufficiency
when multiple stimuli are presented simultaneously? Recent studies, however,
show that even when CT meets the conditions for RCB generation, the RCB for
orientation features remains weaker or absent compared to color features [?, ?].
This may be because different types of retro-cues vary in their effectiveness
for extracting orientation features. For instance, the efficiency of extracting
orientation after locating an object with a spatial retro-cue is lower than when
using a color retro-cue. Furthermore, unlike the high salience of color, the
processing of orientation requires higher precision (e.g., angular differences),
which further limits the manifestation of the RCB. Evidently, the modulation of
internal attentional selection by consolidation sufficiency in classical retro-cue
paradigms is also constrained by VWM load, memory item features, and the
type of retro-cue used.

From a neurocomputational perspective, during the maintenance phase of VWM
representations, consolidation sufficiency determines stability by modulating en-
coding precision in the early visual cortex and attentional resource allocation in
the frontoparietal network. Although the event-related potential (ERP) study
by Liu, Yin, et al. (2024) did not directly employ a retro-cue paradigm, it re-
vealed the mechanism by which consolidation sufficiency regulates VWM neural
representations. When consolidation is insufficient, although initial encoding in
the early visual cortex begins, the efficiency of distractor inhibition is weak. This
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is evidenced by a reduced amplitude of the distractor positivity (Pp) component
and a significant enhancement of the N2 posterior contralateral (N2pc) com-
ponent, indicating that distractors more easily capture attention and that the
frontoparietal network must prioritize resource allocation to the consolidation
of target representations [?]. This pattern suggests that during the mainte-
nance phase, individuals must perform initial encoding for all items; insufficient
consolidation leads to fragile early encoding and intense resource competition.
Retro-cues can compensate for the lack of early consolidation resources and ex-
tend the consolidation process by enhancing synchrony within the target-related
frontoparietal network. Conversely, when consolidation is sufficient, target rep-
resentations reach a highly stable state, and the frontoparietal network shifts
toward active distractor inhibition. In this state, it is difficult for retro-cues to
intervene in already saturated neural processing, precluding further optimiza-
tion of the representation.

In summary, the attenuation of the RCB is not a simple behavioral effect but
the result of dynamic competition between early visual cortex encoding band-
width, frontoparietal regulatory mechanisms, and attentional inhibition. Al-
though memory consolidation does not directly belong to the processing stage
guided by retro-cues, it serves as a prerequisite. By shaping the stability and
resource availability of representations in the early stages, consolidation plays a
critical role in determining the allocation of limited cognitive resources and can
be regarded as a fundamental condition for the emergence of the RCB.

2.2 PSR BEUERZRHCICRIEMBES AR R YRR

Sustained attention refers to the control process by which an individual main-
tains attention and engagement in a relatively monotonous task over time (Wang
et al., 2025). In the retro-cue paradigm, researchers often employ masking or
distractor tasks to investigate the role of sustained attention in generating the
internal attentional selection advantage. This role varies depending on the type
of retro-cue; however, such differences are not determined by the retro-cue itself,
but rather by the amount of information evoked at the internal representation
level and the resulting changes in regulatory complexity.

Based on the targets of internal attention, retro-cues can be classified into two
categories: dimension-based and object-based. The former guides internal at-
tention to focus on a feature dimension shared by all memory items (e.g., color),
while the latter directs attention to a specific object through spatial location
or object-specific features (e.g., the color blue). Dimension-based retro-cues are
global in their mode of attention allocation, requiring feature comparison and
dimensional filtering across all items in memory. This type of cue only reduces
the amount of information that must be retained within a single representation
by decreasing the informational weight of non-target features to optimize the
allocation of attentional resources, thereby making target features easier to pri-
oritize during subsequent retrieval. Research has found that regardless of the
length of the Stimulus Onset Asynchrony (SOA) between the retro-cue and the
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distractor, interference significantly weakens the Retro-Cue Benefit (RCB) for
dimension-based cues (Liu et al., 2023). This suggests that sustained attention
is a necessary condition for the emergence of their internal attentional selection
advantage.

Liu et al. (2023) proposed that following a retro-cue, Visual Working Memory
(VWM) processing consists of two stages: attention deployment and prioritized
information maintenance. The attention deployment stage occurs shortly after
the presentation of the retro-cue, during which attention must be directed to-
ward task-relevant features and VWM resources must be redistributed. The
appearance of a distractor at this stage disrupts sustained attention, rendering
the individual unable to effectively utilize the retro-cue to prioritize information
within specific feature dimensions. This explains the finding in their study that
perceptual interference directly eliminated the dimension-based RCB at short
SOAs.

At long SOAs, even though attention deployment has been completed, distrac-
tors still weaken the RCB (Liu et al., 2023). This indicates that dimension-
based retro-cues also rely heavily on sustained attention during the subsequent
prioritized information maintenance stage. At the neural level, the presence
of distractors may disrupt the functional coupling between the frontoparietal
network and the early visual cortex, thereby affecting the redistribution and
maintenance of attentional resources and reducing the stability and accessibil-
ity of target representations (Ulkii et al., 2025; Riddle et al., 2024).

In contrast, previous studies have suggested that distractors generally do not
weaken the RCB for object-based retro-cues (Hollingworth & Maxcey-Richard,
2013; Makovski & Pertzov, 2015; Rerko et al., 2014), and their dependence on
sustained attention is stage-specific. When the SOA is short, sustained atten-
tion is a necessary condition for successful internal attentional orientation and
selection. When the SOA is long, the retro-cue can be maintained long enough
in the absence of interference to complete VWM resource redistribution; at this
point, distractors have no significant effect on the RCB (van Moorselaar et al.,
2014). Evidence for this is provided by joint EEG-eye-tracking research: object-
based retro-cues can rapidly integrate spatial location and feature information.
This is evidenced by a significant lateralization of alpha waves (8-12 Hz) in the
parieto-occipital region 200 ms after the retro-cue appears, accompanied by a
gaze bias toward the target object’s location and an observed spread of attention
between different features of the same object (Printzlau et al., 2022). However,
not all object-based retro-cues can rapidly generate an RCB and become in-
dependent of sustained attention. Subsequent studies have confirmed that the
processing complexity of different forms of object retro-cues significantly alters
the dependence of the internal attentional selection process on sustained atten-
tion. For example, Guo et al. (2025) used four rectangular bars with different
orientations and colors as memory stimuli. They found that color-based object
retro-cues (squares matching the target object’ s color) could generate a stable
RCB within 50-200 ms due to their stimulus-driven direct recognition advan-
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tage, requiring low sustained attention. Conversely, orientation-based object
retro-cues (bars matching the target object’ s orientation) required comparing
the cue orientation with all memory items. This process consumes substantial
top-down cognitive resources, directly competing for the attentional resources
used to optimize memory representations. Consequently, it not only takes ap-
proximately 500 ms for the RCB to emerge but also requires more persistent
sustained attention to ensure the generation of the internal attentional selec-
tion advantage. Similarly, digit-based object retro-cues lack an RCB because
processing the mapping between digits and memory item locations consumes
additional cognitive resources (Berryhill et al., 2012). Thus, if the processing
of an object retro-cue involves complex cognitive operations, its demand for
sustained attention during internal attentional selection increases significantly
(Berryhill et al., 2012). Notably, some studies have found no significant dif-
ference in memory precision between object-based retro-cues with distractors
and no-retro-cue conditions with distractors, suggesting that distractors do not
destroy the original VWM representation (Ye et al., 2020). Furthermore, in the
aforementioned behavioral studies, although distractors weakened the RCB for
dimension-based retro-cues, they did not significantly increase memory bias in
neutral retro-cue conditions (Liu et al., 2023). This further clarifies that the
weakening of the RCB stems from the demand for sustained attention during
cognitive processing rather than damage to the representation by the distractor.

The necessity of sustained attention is also supported by cognitive neurophys-
iological research. Paluch et al. (2025) employed a double retro-cue paradigm
and recorded the activity of image-selective neurons in the medial temporal
lobe (MTL). They found that after the first retro-cue, MTL neurons exhibited
sustained firing for both cued and non-cued items. When the second retro-cue
appeared and the non-cued item was still not selected as the target, the neuronal
firing intensity decreased but remained significantly higher than baseline. This
indicates that non-cued items do not disappear or become “silent” but main-
tain their accessibility through weak sustained firing. Combined with findings
that sustained firing intensity is closely related to VWM performance (Daume
et al., 2024), these results confirm that sustained neural activity is a universal
mechanism for information storage. Moreover, the strength of this activity is
modulated by shifts in the focus of attention and is correlated with representa-
tion quality. Sustained attention allows the priority-based differences in neural
activity during the maintenance phase to remain stable, preventing a reduction
in the gap between target and non-target representations regarding accessibility
and decision-making utility, which would otherwise affect the generation of the
RCB. This strongly refutes the view from earlier studies that “sustained atten-
tion is unnecessary in internal attentional selection” —the idea that once memory
priority is locked, representation restructuring is immediately completed, and
memory representations are stably retained in a “silent state” without the need
for continuous neuronal firing or sustained attention (Myers et al., 2017). In
fact, the limitation of this view lies not only in its one-sided assumption of
a “silent state” for representations but also in its neglect of the dynamic and
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fragile nature of representational restructuring. Priority locking and subsequent
restructuring do not constitute a final state that can automatically resist subse-
quent interference. EEG research by Gresch et al. (2025) shows that when VWM
representations and their corresponding response plans (prospective behavioral
plans bound to the target representation) are disturbed during the maintenance
phase, the previously established internal attentional selection advantage weak-
ens significantly. In such cases, the RCB cannot be maintained solely through
a one-time restructuring; instead, internal attention must re-select the VWM
representation and response plan after the interference.

During this re-selection process, the posterior alpha-wave lateralization asso-
ciated with visual representation quickly reappears to achieve attentional re-
orientation. Meanwhile, the central beta-wave (13-30 Hz) lateralization associ-
ated with the response plan is continuously enhanced until the probe stage to
maintain the availability of the response plan. Even in the absence of interfer-
ence, visual selection signals are transient, whereas response plan signals persist
(Gresch et al., 2025). It should be clarified that although alpha-wave lateraliza-
tion is an indicator of rapid attentional orientation, it does not directly regulate
representation quality, nor can it fully determine behavioral performance (Moss-
ing & Busch, 2020). Therefore, not only must the response plan remain available
under the regulation of sustained attention, but the maintenance of VWM rep-
resentation quality also depends on the involvement of sustained attention.

In summary, behavioral and neural evidence consistently demonstrates that sus-
tained attention, as a control mechanism, not only plays a key role in the early
deployment stage of internal attentional selection but also supports the main-
tenance and reconstruction of the internal attentional selection advantage over
time or under interference. It achieves this by stabilizing the priority-based
accessibility of representations and the state of response plans. Consequently,
sustained attention is indispensable for the generation and stability of the RCB.

2.3 REhidi: FEERERERDASERTERTHRINML

In the process of memory cognition, decision-making is not an instantaneous
event; rather, it is a process in which an individual progressively accumulates
response evidence until a preset decision threshold is reached, thereby triggering
a decision response (Shepherdson et al., 2018). Research on internal attentional
selection indicates that if the quality of information accumulation is low, the rate
of evidence accumulation slows down, leading to prolonged reaction times and
decreased accuracy (Souza, Rerko, & Oberauer, 2016). Retro-cues are required
to regulate the evidence accumulation process, enhance the quality of decision-
making information, and optimize visual working memory (VWM) performance.

At the cognitive level, the core mechanism underlying the advantage of inter-
nal attentional selection lies in the separation of cognitive stages that might
otherwise overlap, thereby creating the necessary conditions for the sufficient
accumulation of target information. Ye et al. (2020) verified this mechanism by
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manipulating the relationship between retro-cues and probe presentation.

SRET, EREEHERFHT ERETHRVUNIZH) RCB BE, 1MFigiZ
RURM; T

When retro-cues and probes are presented simultaneously, individual VWM per-
formance is significantly lower than under normal retro-cue conditions. This sug-
gests that the synchronized presentation of the retro-cue and the probe causes
internal attentional resource reallocation and decision-making processes to over-
lap in time. Consequently, limited attentional resources are consumed by com-
petition between dual processes, thereby weakening memory representation and
decision quality. Conversely, when the retro-cue precedes the probe, attentional
allocation and decision execution unfold sequentially. This temporal separation
reduces resource competition’ s interference with information accumulation and
enhances the quality of information available during decision-making, result-
ing in an internal attentional selection advantage—a phenomenon also known
as the cognitive separation hypothesis of the decision stage. Simultaneously,
the retrieval-lead hypothesis explains this mechanism from another perspective.
Souza, Rerko, and Oberauer (2016) employed an experimental design where the
presentation of the decision problem was delayed until the probe test appeared.
This required individuals to simultaneously complete response selection (judg-
ing and choosing the correct response mode) and response execution (specific
motor output) during the probe stage. Under these conditions, the retro-cue
can only guide the individual in target retrieval but cannot facilitate response
selection due to the absence of decision rules. Results showed that even with
delayed decision problems, retro-cues produced a significant Retro-cue Benefit

(RCB).

This design separates target retrieval from response selection in time, allowing
the retro-cue to enhance the integrity of information accumulation by providing
a “dedicated time window” for target retrieval. The retrieval-lead hypothesis
thus posits that the key to the RCB lies in the retro-cue securing an opportu-
nity for target retrieval, enabling individuals to retrieve the target in advance
while delaying other forms of cognitive processing. This avoids the informa-
tion incompleteness and internal interference caused by initiating a decision be-
fore retrieval is finished. Although both hypotheses share commonalities—both
establish a sequential information processing flow through retro-cues to prior-
itize limited attentional resources toward the evidence accumulation required
for decision-making—they differ in two key aspects. First, they offer different
perspectives on the separation of processing stages: the cognitive separation
hypothesis emphasizes reducing resource competition to decrease information
loss, while the retrieval-lead hypothesis focuses on ensuring retrieval sufficiency
to improve information integrity. Second, they differ in the content of infor-
mation accumulation: following a retro-cue, the cognitive separation process
allows for pre-decision preparations (attentional allocation and response selec-
tion), whereas the retrieval-lead process primarily involves the accumulation
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of representational information without the possibility of response planning.
Therefore, the two hypotheses support the generation of internal attentional
selection in a complementary rather than conflicting manner.

At the neurophysiological level, internal attention regulates representational pri-
ority by modulating cortical excitability. This facilitates the completion of the
perceptual representation-to-behavioral response mapping, upgrading informa-
tion accumulation from initial feature-selection information into decision evi-
dence capable of triggering a response.

Echeverria-Altuna et al. (2025) found that under the guidance of valid retro-cues,
occipital a oscillations—serving as tracking indicators for spatial location repre-
sentations—exhibit power attenuation contralateral to the cued item’ s location,
quickly locking onto target information. Simultaneously, central 1/ oscillations
(8-30 Hz), acting as neural markers for response planning priority regulation,
initiate power modulation contralateral to the responding hand, establishing a
mapping between location perception and the response hand. When the cue-to-
target interval (CTI) is extended, a “priority reversal” occurs in both « lateral-
ization and p//3 power, shifting from prioritizing the cued item to the non-cued
item. Notably, the « reversal occurs significantly earlier than the p/8 reversal;
the two dissociate temporally and flexibly adjust priorities according to CTI
changes. This indicates that internal attention can independently and dynami-
cally regulate VWM representations and response plans (Echeverria-Altuna et
al., 2025). In contrast, under invalid retro-cue conditions, individuals struggle
to extract the association between target location/features and response plans
because the cue cannot predict the probe item. Consequently, no significant
lateralized modulation of a or u/f oscillations is observed (Echeverria-Altuna
et al., 2025).

Furthermore, invalid retro-cues are more likely to trigger competition between
goal-driven voluntary attentional regulation and stimulus-driven involuntary
regulation; however, this does not necessarily lead to a failure in decision infor-
mation accumulation. EEG research indicates that mid-frontal 6 (4-7 Hz) power
increases as cognitive control demands rise during this competition. This 8 en-
hancement is not accompanied by a preferential selection of non-target items
but is significantly synchronized with a temporal delay in the prioritized pro-
cessing of the target item (Ester & Nouri, 2023). This reflects that mid-frontal
# does not selectively manipulate specific representations but rather regulates
competitive relationships through cognitive control, synchronously modulating
the timing of target processing to stabilize the target representation and pre-
vent stimulus-driven interference from deviating the selection. Moreover, once
the target representation is successfully selected, higher 6 activity is associated
with faster subsequent response initiation (Ding et al., 2024). Thus, mid-frontal
0 optimizes decision preparation by regulating competition, ensuring accurate
and efficient decision-making. In summary, during the VWM decision output
stage, the internal attentional selection advantage is generated by retro-cues
that establish a sequential information processing flow. This completes the
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perception-behavior mapping and integrates representational and response se-
lection information into comprehensive decision evidence, collectively enhancing
decision information quality and output efficiency while optimizing behavioral
performance.

Overall, the three core points mentioned above synergistically explain the mech-
anism underlying the RCB. Based on the continuous resource model, this mech-
anism can be summarized as follows: internal attention utilizes retro-cues to
dynamically re-weight and continuously regulate limited resources, efficiently
utilizing representational information during the decision stage. From the per-
spective of memory consolidation, this process is not an instantaneous state
transition but a continuous progression of incremental resource investment and
sustained reduction in representational uncertainty. During the early stages of
stimulus presentation, sensory signals and VWM resources coexist in a state
of dynamic integration, allowing representations to consolidate rapidly, though
they remain limited by memory load. As sensory signals decay, representational
precision decreases due to noise diffusion. At this point, the appearance of a
retro-cue triggers a reallocation of resources and integrates residual sensory in-
formation, thereby extending the consolidation of the target representation and
keeping it within a range that can be further modulated and optimized by neural
gain (Tomi¢ & Bays, 2024).

This also implies that retro-cues can improve existing representational quality
by focusing or reallocating resources. During the maintenance phase, the role
of sustained attention is similarly reflected in this continuous resource regula-
tion process. The key lies not in changing the total amount of resources, but
in stabilizing and maintaining priority-based differences in resource allocation
among different memory items. Research by Li et al. (2025) supports this view,
finding that overall resource levels correlate with activity in a distributed frontal-
parietal-temporal network during the maintenance period, while the degree of
resource prioritization depends on the bilateral superior precentral sulcus (sPCS)
and the right posterior inferior temporal cortex (PIT). Specifically, trial-by-trial
fluctuations in prefrontal cortex (PFC) activity, particularly in the sPCS, pre-
dict differences in the decoding accuracy of memory items with different priori-
ties in the visual cortex. Combined with existing evidence of PIT involvement
in visual attentional control (Stemmann & Freiwald, 2019), this suggests that
sustained attention relies on an extended frontal-parietal-temporal control net-
work to stabilize priority-based resource allocation and representational quality
differences via top-down feedback signals. Additionally, the study found that
cue-triggered resource reallocation and its accompanying neural gain modula-
tion reduce the representational uncertainty of high-priority items, which fur-
ther translates into faster response times and smaller memory errors, revealing
a continuous mapping from internal representational quality to behavioral ad-
vantage. Related EEG studies have observed that after retro-cue presentation,
the central parietal positivity (CPP) exhibits gradual accumulation dynamics
before decision initiation, with its accumulation slope increasing alongside im-
provements in representation extraction efficiency and decision speed. This
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provides complementary evidence that during the decision stage, internal repre-
sentational information is transformed into behavioral output through a progres-
sive evidence accumulation mechanism (van Ede & Nobre, 2024). In conclusion,
consolidation sufficiency, sustained attention, and decision information respec-
tively reflect the investment, maintenance, and transformation of continuous
yet limited VWM resources across different processing stages.

It is worth emphasizing that the continuous resource model and state-based
models are not mutually exclusive. While state-based models focus on the tran-
sitions of memory items between different representational states, the three core
mechanisms—consolidation sufficiency, sustained attention, and decision infor-
mation—respectively constrain the establishment, stable maintenance, and post-
reactivation reliability of these states. The continuous resource model reveals
the mechanism by which representational quality is continuously regulated dur-
ing processing, whereas state-based models clarify the transition paths of mem-
ory representations. Furthermore, processing bottlenecks in VWM can occur
at different levels, and different models provide complementary explanations
within the multi-level functional system of VWM (Ngiam, 2024). In this sense,
the continuous resource model can be integrated with other VWM models under
various experimental conditions to jointly provide theoretical support for inter-
nal attentional selection mechanisms. Therefore, the mechanistic framework
proposed in this paper not only possesses explanatory power across theoretical
models but also provides theoretical support for a systematic understanding of
the factors influencing the RCB.

3.1 BHEl#iE

The temporal dynamics of the Retro-cue Benefit (RCB) represent the external
manifestation of the implicit dynamic changes in internal attention. These tem-
poral variations are primarily concentrated in three key intervals: the Retro-
cue Interval (RI), which is the duration between the memory array and the
presentation of the retro-cue; the Stimulus Onset Asynchrony (SOA); and the
Cue-to-Target Interval (CTI).

First, the timing of retro-cue presentation differentially modulates the efficiency
of internal attentional selection by altering the cognitive processing sequence of
Visual Working Memory (VWM). As a core indicator of the timing of retro-cue
presentation, the RI influences the effectiveness of top-down attentional control.
Early retro-cues provide individuals with sufficient time before the probe test
to deploy top-down attentional modulation signals, thereby strengthening tar-
get representations. In contrast, late retro-cues lack sufficient processing time,
making it difficult to effectively initiate internal attentional modulation and the
coordinated activity of associated brain networks. In a study by Kuo, Yeh, et
al. (2011), two retro-cue conditions were established: an early retro-cue pre-
sented 200 ms after stimulus disappearance for a duration of 700 ms before the
test phase, and a late retro-cue presented 800 ms after stimulus disappearance
for only 100 ms before the test. The results indicated that individuals in the
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early retro-cue condition exhibited higher accuracy and shorter reaction times
in internal attentional selection. Furthermore, early retro-cues significantly en-
hanced the functional connectivity between the bilateral occipital visual cortex
and the right middle frontal gyrus (MFG) and frontal eye fields (FEF), with
frontal activity temporally preceding occipital activity. This strengthened func-
tional coupling within the fronto-occipital network facilitates information trans-
mission and integration, providing a neural foundation for enhanced top-down
attentional control (Kuo, Yeh et al., 2011). Additionally, the facilitatory effect
of early retro-cues on top-down control effectively alleviates the difficulty of de-
tecting changes in feature binding during the perceptual comparison stage. For
instance, Kuo, Rotshtein, et al. (2011) found that under late retro-cue condi-
tions, accuracy for feature-binding change detection was significantly lower than
for single-feature change detection; however, under early retro-cue conditions,
there was no significant difference between the two. The difficulty in detecting
feature-binding changes stems from the fragile nature of relational information
involving multi-feature combinations, which is susceptible to inter-item inter-
ference during perceptual comparison. Because late retro-cues lead to delayed
attentional modulation, they require additional activation of the right inferior
frontal gyrus (IFG) and anterior cingulate cortex (ACC), as well as enhanced
functional connectivity between the right superior parietal lobule (SPL) and
these regions to mitigate conflict (Kuo, Rotshtein, & Yeh, 2011). This neural
activity suggests that late retro-cues result in incomplete cognitive segregation,
forcing individuals to rely on the conflict-monitoring functions of the frontopari-
etal network to alleviate resource competition during the probe stage. Such
additional cognitive regulation not only consumes more resources but also fails
to fully offset the disadvantages of insufficient cognitive segregation, ultimately
leading to decreased behavioral efficiency.

Second, the temporal progression modulates the protective mechanism of retro-
cues on VWM representations. Numerous studies have confirmed through tem-
poral manipulation that retro-cues protect cued items from memory decay over
time (Sahu & Tseng, 2021; Matsukura et al., 2007). Representations in VWM
vary in their temporal stability; retro-cues shift resource allocation from a shared
distribution across all items to a prioritized support of cued items, thereby
slowing the decay of target representations (Pertzov et al., 2013; Poth, 2020).
Schneider et al. (2016) identified this protective mechanism by observing non-
cued items, noting that the RCB did not emerge when the CTI was 300-400
ms. However, when the CTIT was 600 ms and extended to 1800 ms, behav-
ioral performance significantly improved and the RCB gradually strengthened.
Simultaneously, processing conflict triggered by non-cued items progressively
weakened, as evidenced by a decrease in the N450 component. Furthermore, the
contralateral suppression of alpha waves in the parieto-occipital region gradu-
ally strengthened and remained stable, with its intensity positively correlating
with the rate of N450 attenuation. This demonstrates that a sufficient CTI can
reduce the loss of memory resources by inhibiting competition between irrele-
vant representations. Subsequent research has also found that decayed target
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representations can gradually recover as the CTI lengthens, a process accompa-
nied by enhanced functional connectivity in the alpha frequency band between
the MFG and the right inferior parietal lobule (IPL). The rate of increase in
connectivity strength is positively correlated with the rate of information recov-
ery, suggesting that the coordinated activity of the frontoparietal network is
the neural basis for retro-cues to reverse memory decay and achieve RCB as the
CTI changes (Ester et al., 2018). Moreover, in studies where external perceptual
interference is introduced after the retro-cue, the modulating role of the SOA
is equally critical; a sufficient SOA allows the retro-cue to protect and stabilize
the quality of target representations, reducing the impact of external interfer-
ence (Han & Ku, 2022; Pertzov et al., 2013). Schneider, Barth, Getzmann, et
al. (2017) further confirmed that when the SOA > 500 ms, the amplitude of the
parietal negative slow wave (NSW) under retro-cue conditions is significantly
lower than under neutral cue conditions. This reflects a release of cognitive re-
sources triggered by a reduction in VWM load, an effect that is time-dependent,
as the difference in NSW amplitude only becomes significant when the SOA
exceeds 500 ms. This is consistent with previous findings suggesting that the
RCB reaches its optimum at an SOA of 500-600 ms (Van Moorselaar, Gunseli
et al., 2015).

3.2 igizmEl

In retro-cue paradigms and their variants, current research primarily investi-
gates how memory load and perceptual features of memory items influence the
effectiveness of internal attentional selection.

On one hand, memory load influences the utility of retro-cues, as well as the
quality of information entering the decision-making process and non-decision
time, by altering internal interference between memory items. Existing studies
have demonstrated that increased memory load reduces both the speed and
accuracy of recognition strategies [?, 7, 7, 7, 7, ?].

Retro-cues can alleviate the difficulty of information maintenance and process-
ing by clarifying the direction of internal attentional allocation. The operational
mode of these cues varies with load: at low loads, they facilitate target memory,
whereas at high loads, they inhibit distractors [?, ?]. This process is dynamically
related to the function of the right intraparietal sulcus (IPS). Under low-load
conditions, valid retro-cues can eliminate load-sensitive activation in the right
anterior IPS, thereby strengthening attentional selection for target items. Un-
der high-load conditions, residual representation activation of non-target items
persists in the right posterior IPS; in such cases, retro-cues must maintain the
Retro-Cue Benefit (RCB) by inhibiting interference from non-target items [?, ?].
It should be noted that the RCB does not increase continuously with load. By
setting memory loads of 2, 4, and 8 items, Shepherdson et al. [?] found that when
the number of items exceeds the capacity of visual working memory (VWM), the
RCB is severely weakened, while invalid retro-cues trigger a significant Retro-

Cue Cost (RCC).
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This suggests that excessive memory load exacerbates the depletion of VWM
resources. As interference between items increases during storage and retrieval,
confusion or errors regarding decision-relevant information also rise, leading to
a decrease in RCB and an increase in RCC. Furthermore, elevated memory
load reduces the drift rate (reflecting representation quality) and prolongs non-
decision time (reflecting the efficiency of representation retrieval) [?, ?, ?]. This
indicates that memory load influences decision-making by altering the efficiency
and quality of information accumulation. High memory load implies a greater
volume of information must be retained in VWM, which may degrade the qual-
ity of individual representations, consequently extending the time required for
individuals to judge memory representations during the probe stage. Especially
in contexts requiring both speed and accuracy, increased memory load makes
the task more difficult, thereby hindering the generation of the RCB.

On the other hand, the perceptual features of memory items influence the RCB
by modulating the selective maintenance mechanism of internal attention [?, ?].
Sasin and Fougnie [?] noted that internal attention can selectively maintain
VWM representations at the feature level, granting prioritized processing to
cued features; however, this process is not necessarily accompanied by the effec-
tive inhibition of uncued features.

Chen, Ye, et al. [?] further explored this phenomenon. Their research found
that when a retro-cue prompts one feature of an object while requiring another
feature to be ignored, simple features (such as color or simple shapes) are more
easily maintained actively than complex features (such as polygons) when serv-
ing as the cued feature, thereby eliciting a more significant RCB. However,
when simple features serve as uncued features, they are more difficult to ignore
or inhibit. Even when these simple features reappear as irrelevant features in
subsequent search tasks, they still capture attention and generate significant
interference, thus weakening the RCB. Conversely, complex features do not eas-
ily produce such interference effects when they are uncued, resulting in a more
significant corresponding RCB. This suggests that variations in the RCB can be
driven by the perceptual attributes of memory items through the modulation of
internal attention’ s selective maintenance mechanism. This difference in selec-
tive maintenance can fundamentally be explained by the degree of integration
and resource demands triggered by different feature attributes. ERP evidence
shows that highly integrated multi-feature objects exhibit higher processing ef-
ficiency during the encoding and selection stages and form more stable neural
representation states during the maintenance stage. This is characterized by a
reduction in the posterior positivity contralateral (PPC) during encoding, an
enhancement of the N2pc during the attentional selection stage, and more sta-
ble contralateral delay activity (CDA) during the maintenance stage [?, 7, ?].
Moreover, an increase in the overall complexity of memory items is accompanied
by an enhancement of the occipital P2, suggesting that posterior brain regions
must invest more neural resources to complete the sensory filtering and encoding
of complex stimuli [?, ?]. Taken together, these studies provide a unified expla-
nation for changes in the RCB: simple features benefit rapidly when cued due
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to high integration efficiency, but they are also harder to remove when uncued,
continuing to occupy resources and weakening the RCB. In contrast, complex
features rely on attentional processing to integrate detailed information, which
not only requires more attentional resources but also results in lower integration
efficiency and representational stability. Consequently, when complex features
are uncued, they are more easily decayed or removed from VWM, reducing sub-
sequent resource competition and interference, and ultimately enhancing the
RCB. Furthermore, a dynamic interaction exists between memory item features
and internal attentional selection: as time progresses and task requirements
change, internal attention adjusts based on the importance and relevance of the
memory item features.

3.3 &FTW

Retroactive cues (retro-cues) typically influence the selection, regulation, and
maintenance of specific information by internal attention through variations in
both cue type and cue quantity. First, retro-cues can be categorized across two
major dimensions: cue validity and the attributes of the selected object. Dif-
ferent types of retro-cues exert differential effects on internal attentional selec-
tion by modulating attention allocation strategies and neural activity patterns
within visual working memory (VWM). Researchers classify cues as valid or in-
valid based on whether the cued item matches the final probe target. Depending
on the research objectives and experimental design, researchers can adjust the
probability of a valid retro-cue appearing in a task, referred to as cue reliability.
Fully reliable retro-cues (100% validity) transition the cued item into an active
state, making it more easily remembered by the individual [?].

Under high-reliability conditions, individuals adopt proactive attentional and
memory strategies, prioritizing the allocation of cognitive resources to the cued
item while weakening or removing non-cued items from VWM. In such cases,
probing a non-cued item results in a substantial retro-cue cost (RCC) [?]. Con-
versely, under low-reliability conditions, individuals employ more flexible strate-
gies, maintaining attention on non-cued items while focusing on the cued item to
manage the uncertainty of the target appearing in a non-cued location. Related
ERP research indicates that when retro-cue reliability is 50%, the Contralateral
Delay Activity (CDA)—which reflects the load of attended information main-
tained in VWM-—shows significant differences only immediately prior to the
presentation of the probe stimulus. However, when reliability reaches 80%, sig-
nificant CDA differences emerge early after the retro-cue onset, suggesting that
non-cued items are more readily removed from VWM under high-reliability cues
[?]. When reliability further drops to 20%, CDA differences are no longer sig-
nificant, indicating that individuals maintain representations of both cued and
non-cued items in VWM without abandoning the active maintenance of non-
cued information [?]. Thus, the modulation of retro-cue reliability influences
the effectiveness of internal attentional selection, allowing individuals to strate-
gically adjust the maintenance of information in VWM based on the level of
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reliability.

In addition to classification by validity, the aforementioned dimension-based
and object-based retro-cues trigger feature-based attention (FBA) and object-
based attention (OBA), respectively, which also differ in their impact on inter-
nal attention. Research on FBA has shown that when retro-cues prompt the
same feature dimension across different objects, the resulting retro-cue benefit
(RCB) is significantly larger than when prompting different feature dimensions
of different objects. This suggests that FBA is more efficient at allocating atten-
tion to the same feature dimension within VWM and can dynamically adjust
the relative priority of different feature dimensions in multi-feature objects [?].
However, [?] found contrasting results: memory accuracy for uncued features
within the same object was higher than for the same feature dimension in an
uncued object. Consequently, they argued that the selection effect of OBA is
stronger.

The present study suggests that this discrepancy may arise because experiments
using the same feature dimension of different objects as cues utilized different
types of object-based cues under low-load stimulus conditions. Object-based
retro-cues can be further divided into endogenous retro-cues (presented cen-
trally, pointing to the target location) and exogenous retro-cues (presented di-
rectly at the target location). Research has found that exogenous retro-cues are
more effective than endogenous ones at low loads (load of 2), whereas no signif-
icant difference exists at high loads (load of 4) [?, ?]. At the neural level, the
advantage of exogenous cues stems from their ability to trigger earlier responses
in the prefrontal cortex (PFC) and faster top-down control signals from the
PFC to the superior parietal lobule (SPL) and lateral occipital cortex (LOC).
This implies that exogenous cues can more rapidly trigger brain regional ac-
tivity and information transfer between regions [?], thereby exhibiting superior
internal attentional selection effects.

Secondly, the quantity of retro-cues also exerts a complex influence on internal
attentional selection. Setting multiple retro-cues to appear simultaneously or
sequentially can alter the representational state of VWM and the allocation of
attentional resources, thereby affecting the “fate” of both cued and non-cued
items [?, ?]. The process of multiple retro-cues reveals the dynamic transitions
between various states of VWM representations. [?] presented two retro-cues
sequentially and found that the first cue places the cued item in a prioritized,
protected, and stable state, while non-cued items enter a fragile state suscep-
tible to interference or forgetting. When the second cue appears, some infor-
mation in the fragile memory state can be enhanced and maintained through
the orientation of internal attention, converting it into a relatively stable repre-
sentational state; however, this stability remains inferior to performance under
single retro-cue conditions [?]. Electrophysiological studies further validate this
process: during sequential retro-cues, dynamic changes in alpha power reflect
the prioritized allocation and regulation of attentional resources toward cued
items, directly influencing the resources obtained by each memory item and
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strengthening internal attentional selection [?]. Even when multiple retro-cues
are presented simultaneously, alpha waves remain involved in regulating rep-
resentational states and redistributing attentional resources [?]. Subsequently,
ERP research showed that compared to neutral retro-cues, the peak differences
in N1/P2a components are more significant when multiple retro-cues (2 or 3)
are presented simultaneously, meaning individuals can more effectively utilize
cue information to allocate more attentional resources to task-relevant content.
Meanwhile, the amplitude of the Negative Slow Wave (NSW) shows the greatest
negative deflection when three retro-cues are presented simultaneously, followed
by two cues, and is smallest under the single-cue condition [?]. This indicates
that the NSW is related to the number of items simultaneously focused on by in-
ternal attention in VWM: although total cognitive resource investment is higher
under multiple retro-cue conditions, the resources allocated to each individual
item are relatively fewer and lower than in the single retro-cue condition. This
reflects a dynamic allocation mechanism of attentional resources across different
quantities of retro-cues, which consequently leads to variations in the RCB.

3.4 SMERFHL

During the maintenance phase of Visual Working Memory (VWM), memory rep-
resentations are susceptible to damage from external interference. According to
existing research, external interference can be categorized into perceptual inter-
ference and dual-task interference (Pan et al., 2024). These types of interference,
when combined with different experimental settings such as memory load and
cue multiplicity, exert varying effects on the Retro-Cue Benefit (RCB).

In current research, perceptual interference is most commonly presented in the
form of masking, which guides attention in a bottom-up manner. Although this
type of interference does not require the individual to actively deploy cognitive
resources for processing, it often interacts with other factors to disrupt the pro-
cessing and manipulation of information within VWM. Studies have found that
under conditions of high memory load and short Stimulus Onset Asynchrony
(SOA), perceptual interference significantly weakens the RCB for dimension-
based retro-cues (Liu et al., 2023). In such cases, individuals not only lack
sufficient time to utilize retro-cues for attentional allocation, but the high mem-
ory load further exacerbates the demand for limited attentional resources. This
intensifies resource competition and makes effective allocation and maintenance
difficult, leading to a significant decline in RCB. Notably, the disruption of sta-
ble internal attentional maintenance by perceptual interference is not limited
to high-load conditions. Even with low loads and sufficient SOAs, perceptual
interference still weakens the RCB under orientation-based retro-cues (Liu et
al., 2023). Furthermore, the impact of perceptual interference on RCB varies de-
pending on the number of retro-cues. For instance, research observing g-band
activity found that while multiple retro-cues can resist interference to ensure
internal attentional selection, the suppression of 5 power only appears after
the presentation of the memory probe. In contrast, under single retro-cue con-
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ditions, 8 power suppression is initiated before the probe appears (Schneider,
Barth, & Wascher, 2017). This suggests that in the presence of perceptual in-
terference, a single retro-cue can trigger response planning earlier than multiple
cues, and its effect on enhancing memory performance is significantly superior
to that of multiple cues. Additionally, perceptual interference can manifest as
extra visual distractors presented alongside the retro-cue. Ye et al. (2020) used
the color wheel (intended for the probe stage) as an additional visual distractor
by displaying it simultaneously with the retro-cue and found that perceptual
interference accompanying the cue weakens the RCB.

On one hand, this occurs because the simultaneous presentation of perceptual in-
terference and retro-cues leads to competition for attentional resources, making
it difficult for individuals to effectively focus on the retro-cue and reducing its
utilization efficiency. On the other hand, the premature appearance of stimuli
related to the probe stage triggers decision-making processes too early, interfer-
ing with the normal accumulation of decision information and the processing of
the retro-cue, ultimately resulting in a reduced RCB.

In contrast, dual-task interference involves top-down attentional control and the
reallocation of cognitive resources, which interrupts the memory task and affects
the efficacy of internal attentional selection. Common cognitive interruption
tasks include visual search tasks (Hollingworth & Maxcey-Richard, 2013), visual
categorization tasks (Rerko et al., 2014), and parity judgment tasks (Makovski
& Pertzov, 2015). In a study on object-based retro-cues using three arrows with
random orientations as stimuli, Makovski and Pertzov (2015) found that while
interruption tasks lead to impaired VWM representations, the RCB can mitigate
this damage. This finding supports the view that dual-task interference does
not diminish the RCB for object-based retro-cues (Makovski & Pertzov, 2015;
Rerko et al., 2014). However, in dimension-based retro-cue tasks, dual-task
interference does affect the selection of specific feature-dimension information
by internal attention, which may be related to processing differences between
different feature dimensions in memory and attentional allocation. Research
using multi-feature stimuli with both color and orientation dimensions found
that color features are sensitive to cognitive interruption during the prioritized
maintenance phase of the retro-cue, making them susceptible to interference
that hinders the generation of the RCB. Conversely, while orientation features
better resist cognitive interruption during that phase, they are more easily dis-
rupted during the attentional deployment phase (Liu et al., 2023). Further-
more, Zickerick et al. (2021) compared internal attentional selection under a
high-demand arithmetic task and a low-demand number comparison task in a
dimension-based retro-cue study. The results showed that under high-demand
interruption, 6 power in the Middle Frontal Gyrus (MFG) following the retro-
cue was significantly lower than in the low-demand condition, indicating that
high-demand tasks severely deplete attentional resources and weaken selection
efficiency. Additionally, compared to a no-interruption condition, both types
of interruption tasks led to weakened a-band suppression in posterior (parieto-
occipital) regions after the retro-cue, suggesting impairment in the directional
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selection and prioritized processing of target representations in VWM. Further
analysis revealed that under high-demand interruption, posterior « lateraliza-
tion—reflecting the redirection of internal attention for the primary task—was
initiated before the interruption task was completed, showing temporal overlap
with the processing of the secondary task. In the low-demand condition, these
two processes were temporally dissociated. This indicates that high-demand
interruption tasks interfere with the orderly transfer of attention from the dis-
tractor task back to the primary VWM task, exacerbating the impairment of
representational information retrieval.

In summary, the RCB is jointly regulated by these four categories of factors,
which interact in complex ways to form a multi-dimensional influence structure
for internal attentional selection advantages.

4 BEERE

In summary, the emergence of the internal attentional selection advantage in
visual working memory (VWM) is the result of the synergistic interaction of
multiple factors, each of which is closely linked to specific cognitive mechanisms.
Centered on the cognitive mechanisms underlying the Retro-cue Benefit (RCB),
this study systematically integrates key influencing variables to construct a cog-
nitive model of internal attentional selection in VWM (see

), forming a theoretical framework based on the interaction between mechanisms
and factors.

The model identifies three core mechanisms underlying the RCB: insufficient
memory consolidation, stable sustained attention, and high-quality decision in-
formation. Retro-cues optimize the RCB through dynamic modulation of these
three components.

Cognitive model of internal attentional selection in VWM. Note: (1) Orange
circles represent the core mechanisms of the RCB, with their primary influenc-
ing factors labeled on the periphery; (2) Blue circles represent key factors and
sub-factors affecting the RCB; (3) Unidirectional arrows indicate directional
influence, while bidirectional arrows indicate reciprocal interactions.

First, the sufficiency of consolidation is a prerequisite for the effectiveness of
retro-cues. By transforming transient visual signals into stable VWM represen-
tations, consolidation establishes the “baseline state” for subsequent internal
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attentional selection. Only when memory representations are not fully consol-
idated can retro-cues enhance the priority of target representations through
orientation and selection. The sufficiency of memory consolidation is regulated
by multiple factors, including the timing of internal attentional selection, the
characteristics and load of memory items, and the type of cue. Specifically,
the duration of the consolidation time (CT) determines the sufficiency of con-
solidation, while the cue-target interval (CTI) influences the continuation of
the consolidation process to some extent, thereby affecting the efficacy of in-
ternal attentional selection. Regarding memory load, a serial processing mode
of memory consolidation results in the depletion of consolidation resources for
individual items as load increases; in a parallel processing mode, increased load
affects CT by altering the available presentation time for each item. Further-
more, the complexity of memory item features and the selection of objects or
features by different types of retro-cues also modulate the mode and speed of
VWM consolidation.

Second, sustained attention is a necessary condition for the internal attentional
selection advantage. It not only supports early attentional orientation and re-
source allocation but also dynamically differentiates the processing priority of
memory items during the VWM maintenance phase. This ensures the stable
activation of target representations while maintaining a degree of accessibility
for non-target representations, thereby supporting the emergence of the inter-
nal attentional selection advantage. The modulation of sustained attention
is influenced by retro-cue types, external interference, and the stimulus onset
asynchrony (SOA). Object-based or feature-based retro-cues differ in their re-
liance on sustained attention due to variations in attentional allocation and the
complexity of representational regulation. External interference increases the
demand for sustained attention by competing for attentional resources, disrupt-
ing stable maintenance, or interrupting cognitive processing; the intensity of
this demand varies with the type of interference and the SOA. In particular,
the length of the SOA alters the protective efficacy of the retro-cue for the tar-
get representation, which in turn regulates the demand for sustained attention
during the internal attentional selection process.

Third, decision information is the critical determinant of behavioral performance.
The accumulation of high-quality information can accelerate the integration of
decision evidence, shorten response times, and improve accuracy, directly facil-
itating the manifestation of the internal attentional selection advantage. This
process is primarily regulated by memory load, external interference, and the
number of retro-cues. An increase in memory load intensifies internal interfer-
ence, reducing the quality of decision information and prolonging the retrieval
time of target representations. External interference consumes attentional re-
sources, interferes with information accumulation, or disrupts the stable atten-
tional state required for sensory-motor mapping, thereby impairing the process-
ing of decision information. Additionally, there is an interaction between the
number of retro-cues and external interference; different numbers of cues lead
to different onset timings for response planning, resulting in variations in their
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ability to protect the decision information accumulation process from interfer-
ence.

Finally, the interaction between various influencing factors also acts upon the
three core mechanisms mentioned above, affecting the efficacy of internal at-
tentional selection. Among all factors, the retro-cue serves as the key tool for
guiding internal attention to select VWM information; both its type and quan-
tity exert varying degrees of influence on the three core mechanisms. Diverging
from traditional research that examines influencing factors in isolation, this
model uses the cognitive mechanisms of the RCB as an anchor to systemati-
cally organize and establish the relational paths between core mechanisms and
various factors, providing theoretical support for understanding the operational
mechanisms of internal attention in VWM.

From a neuroscientific perspective, internal attentional selection in VWM re-
lies on neural modulation pathways formed by the coordination of multiple
brain regions, with the occipital visual cortex, posterior parietal cortex (PPC),
prefrontal cortex (PFC), and corticostriatal circuits serving as the core neural
substrates. The occipital visual cortex is responsible for the storage and main-
tenance of short-term representations, and its neural activity is dynamically
adjusted during the internal attentional selection process to lay the foundation
for the prioritized processing of target representations [?]. As a hub of the
top-down attentional control network, the PPC can prioritize memory represen-
tations based on task demands and bring relevant representations into the focus
of attention. Simultaneously, the PFC maintains tight functional coupling with
the visual cortex, receiving and temporarily storing prioritized representational
information to stabilize the current selection state and organize subsequent pro-
cessing [?]. Building on this, the corticostriatal circuit functions as an “output
gate,” filtering behaviorally relevant information and controlling output under
the modulation of internal attentional selection [?]. Overall, through the tempo-
ral coupling, functional complementarity, and dynamic interaction of these brain
regions, the internal attentional selection advantage in VWM is produced. By
synthesizing cognitive and neural evidence, the retro-cue paradigm transcends
the limitations of previous research that simply attributed VWM performance to
encoding and storage capacities, revealing instead how unique cognitive regula-
tory mechanisms operate during the maintenance phase. This regulatory process
does not achieve information gain by adding new representations; rather, it re-
lies on the optimization of internal attentional selection to enhance the quality
of existing representations, effectively mitigating the degradation of represen-
tational precision and the decline in memory accuracy common in traditional
memory tasks. Furthermore, retro-cues challenge the traditional view of VWM
representations as static, demonstrating that the manipulation of internal at-
tention can trigger the dynamic reorganization and updating of representations,
providing key evidence for the flexibility of internal information management in
VWM. Although the retro-cue paradigm has provided a unique perspective and
yielded significant results in understanding the impact of internal attention on
VWM, many aspects still require further in-depth exploration.
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4.1 BT EmHIFIRIMEREREFRIANDR SR

In the field of Visual Working Memory (VWM), research on internal atten-
tional selection based on continuous resource models has fully demonstrated
the capacity for flexible allocation of attentional resources across different rep-
resentations. However, derived theories—such as the removal hypothesis, the
enhancement hypothesis, and the protection-from-interference hypothesis—re-
main divided regarding their explanations of the underlying mechanisms. The
core controversy focuses on the processing of task-irrelevant information. Recent
studies have proposed that individuals can utilize retro-cues to actively inhibit
task-irrelevant information. This raises a critical question: is the weakening of
task-irrelevant information in VWM the result of regulatory active inhibition or
the passive decay of irrelevant information?

It is important to emphasize that active inhibition and resource allocation are
not necessarily competing or mutually exclusive mechanisms; rather, they likely
function as complementary dual-regulatory systems. While the continuous re-
source model emphasizes strengthening target representations and relatively
weakening irrelevant ones by allocating more of the limited resources to the
targets, active inhibition builds upon this by actively suppressing irrelevant rep-
resentations through the activation of the right dorsolateral prefrontal cortex
(DLPFC). Gao et al. (2023) employed a retro-cue paradigm comparing “remem-
ber” and “forget” retro-cue conditions. They found no significant difference
between the two conditions in the parietal P3 component, which reflects the
selective rehearsal and encoding of information, suggesting that the level of re-
source investment in task-relevant representations was comparable across both
conditions. However, compared to the “remember” condition, the late positive
potential (LPP) in the frontal lobe—which reflects active inhibition—was signifi-
cantly enhanced in the “forget” condition. Furthermore, the LPP demonstrated
a significant temporal predictive relationship with the parietal P3. These results
indicate that the weakening of irrelevant representations under “forget” retro-
cue conditions depends on active inhibition. Consequently, it can be further
inferred that the inhibition of irrelevant representations by internal attentional
selection in VWM does not stem solely from resource reallocation; when task-
relevant information has already received a certain level of resource investment,
the advantage of internal attentional selection may be enhanced through the
active inhibition of irrelevant information processing.

Thus, the limitations of existing theoretical hypotheses may stem from an in-
sufficient consideration of the active inhibition mediated by retro-cues. For
instance, the removal hypothesis emphasizes the complete removal of irrelevant
information from VWM, yet phenomena have been observed where non-target
items are not entirely removed under low-reliability retro-cue conditions [?, ?].
Similarly, the enhancement hypothesis highlights an increase in the weight of re-
source allocation for task-relevant items, but it struggles to explain cases where
a Retro-Cue Benefit (RCB) is still observed even when resource allocation to
task-relevant information remains unchanged under “forget” retro-cue conditions
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[?, ?]. Therefore, can the divergences and conflicts among these hypotheses be
reasonably resolved by investigating the synergistic mechanisms of resource allo-
cation and active inhibition? Future research could further verify the interaction
patterns and regulatory pathways between these two processes to refine the the-
oretical framework of internal attentional selection, providing new empirical
evidence to resolve the mechanistic controversies within the field.

4.2 FREFFHTABEEEFHROBZIUTINGE S ESRERLNBE

Classic studies on internal attentional selection have predominantly utilized low-
dimensional, simple stimuli, such as colored squares or tilted line segments, as
experimental materials. However, in real-world scenarios, complex stimuli—such
as faces, emotional images, and natural scenes—differ significantly in their rep-
resentational formats and cognitive resource requirements. These differences
impose higher demands on the investigation of the cognitive and neural mecha-
nisms underlying internal attentional selection.

Lepsien et al. (2011) used faces and scenes as memory items and found that
retro-cues specifically enhanced activation in category-sensitive cortical areas
(e.g., the fusiform gyrus for faces and the parahippocampal gyrus for scenes).
Simultaneously, functional connectivity between the dorsolateral prefrontal cor-
tex (DLPFC) and these category-sensitive regions was significantly strength-
ened, with the connectivity strength positively correlating with memory preci-
sion. This suggests that the internal attentional selection of complex stimuli
relies not only on resource allocation within the frontoparietal network but
also on the enhancement of functional connectivity between the frontoparietal
network and category-sensitive cortices. Subsequent studies have similarly con-
firmed that internal selection under complex stimulus conditions depends on a
multi-pathway collaborative regulatory mechanism. Furthermore, research has
revealed that priority processing triggered by retro-cues exhibits functionally
differentiated representational characteristics across different brain regions: the
Ventral Visual Stream (VVS) forms category-specific representations during the
encoding phase that include sensory and semantic associations, which are main-
tained and selectively reproduced during the maintenance phase. In contrast,
while the prefrontal cortex (PFC) exhibits category representations during en-
coding, the presentation of a retro-cue transforms task-relevant information into
a more abstract, task-optimized representational format (Pacheco-Estefan et al.,
2024). These findings provide critical neural evidence for understanding how
internal attention flexibly adapts to behavioral demands in realistic contexts.
Additionally, internal attentional selection using real-world scenes exhibits hi-
erarchical processing characteristics. Kuo et al. (2018) found that retro-cues
reinforce the hierarchical representational processing between scenes and ob-
jects by enhancing functional connectivity between the frontoparietal network
and the ventral temporal lobe (VTL). Early visual cortices process scene layout
information, while the VTL focuses on processing detailed object information.
When a retro-cue points to a threatening object within a scene (e.g., a knife),
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the functional connectivity between the frontoparietal network and the VTL is
significantly enhanced. When a semantic association exists between the scene
and the object (e.g., kitchen-knife), the retro-cue benefit (RCB) is significantly
increased, and this effect correlates significantly with the activation intensity of
the middle temporal gyrus (a region associated with semantic encoding). These
results indicate that internal attentional selection in real-world scenes under-
goes a hierarchical process involving semantic integration, sub-scene filtering,
and target feature activation, requiring the coordination of multiple brain re-
gions. This aligns closely with the logic of human cognition, which prioritizes
understanding the meaning of a scene before focusing on key information.

The aforementioned studies highlight the limitations of using simple stimuli.
First, such stimuli have low requirements for feature integration and thus fail to
reflect the dynamic cognitive processes—involving multi-feature binding, seman-
tic encoding, and memory maintenance—inherent in real-world scenes. Second,
they lack ecological validity, making it difficult to directly generalize the re-
vealed internal attention mechanisms to memory and attention tasks in daily
life. Future research should explore the mechanisms of internal attention using
complex or real-world stimuli. Researchers could leverage technologies such as
artificial intelligence and virtual reality to construct immersive real-world scenes,
thereby enhancing the ecological validity of their studies. Furthermore, cross-
species research, such as single-cell recording in macaques, could be conducted
to reveal the neural coding mechanisms of internal attentional selection under
complex stimulus conditions, providing deeper insights into the comprehensive
understanding of complex human cognitive processes.

4.3 ¥ RAMELEEEHENIEEERNNNES S BERFINRR

Current research on internal attentional selection in typically developing (TD)
populations is relatively extensive. However, studies involving neurodevelop-
mental disorders remain limited, with research primarily focused on Attention-
Deficit /Hyperactivity Disorder (ADHD). Using a retro-cue paradigm, Superbia-
Guimaraes et al. (2022) found that children with ADHD exhibited a higher
Retro-cue Benefit (RCB) under valid retro-cue conditions compared to neutral
conditions. This performance was comparable to that of TD children, leading
the authors to suggest that individuals with ADHD do not lack the capacity
for internal attentional selection. Nevertheless, the cognitive demands of the
Visual Working Memory (VWM) task in that study were relatively low. While
it demonstrates that children with ADHD can utilize retro-cues to orient toward
targets in simple color recognition tasks, it does not rule out potential deficits
in internal attentional selection under conditions involving inhibitory control or
high memory loads. Other neurophysiological evidence reveals a more complex
picture. Luo et al. (2019) found that in spatial VWM tasks, the amplitudes
of both N2pc and CDA components were significantly weaker in individuals
with ADHD than in the control group. This intergroup difference became more
pronounced as memory load increased, suggesting that individuals with ADHD
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have deficits in attentional selection and memory maintenance, and that these
capacity limitations are particularly evident when resource competition intensi-
fies. Furthermore, research has indicated that individuals with ADHD exhibit
activation deficits in the bilateral prefrontal cortex (PFC) during VWM in-
hibitory control tasks, accompanied by under-activation in multiple regions of
the parietal and temporal lobes during response inhibition tasks. This implies
potential functional abnormalities in the core neural circuits underlying internal
attentional selection in the ADHD population (Hou et al., 2023). Consequently,
future research should systematically verify the internal attentional selection ca-
pabilities of the ADHD population by manipulating key variables such as task
difficulty, memory load, and interference intensity within retro-cue paradigms
and their variants.

Beyond ADHD, the internal attentional selection capabilities of other neurode-
velopmental disorder populations also warrant attention. Research on individu-
als with Learning Difficulties (LD) generally indicates the presence of executive
function deficits, particularly manifested as insufficiencies in inhibitory control
and VWM regulation. These deficits make them more susceptible to the in-
fluence of distracting information during cognitive processing (Capodieci et al.,
2023).

Given that the generation of the RCB relies on a dynamic process of inhibiting
irrelevant information and strengthening target representations, such deficits are
likely to limit the internal attentional capacity of the LD population. Similar
phenomena are observed in individuals with Autism Spectrum Disorder (ASD),
who commonly exhibit abnormalities in the activation and functional connectiv-
ity of the frontoparietal network (Yuk et al., 2020). Behavioral studies have also
found that individuals with ASD face significant difficulties in using external
social cues (such as gaze direction or facial orientation) for attentional orienta-
tion (Wang et al., 2022). Although these findings primarily concern external
attention mechanisms, they raise a critical question: when internal attentional
selection processes depend on similar social cues, do individuals with ASD face
the same processing constraints? In summary, conducting research on inter-
nal attention within neurodevelopmental disorder populations not only helps
reveal the specific cognitive and neural mechanisms and potential limitations of
different disorder types at the level of internal attentional processing but also
provides empirical evidence for refining the theoretical framework of internal
attention.
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the Internal Attention Selection Advantage Emerges in Visual Working Memory:
Evidence from the Retro-Cue Paradigm HU Aixin, MA Ying, HU Yuxin, TUO
Min, ZENG Shuo, WANG Tingzhao (Faculty of Education, Shaanxi Normal
University, Xi’ an 710062, China) Abstract: Visual working memory (VWM)
is a fundamental system for the short-term storage and online manipulation of
visual information, with its flexibility depending on the goal-directed allocation
of internal attention. The retro-cue paradigm, which presents a cue following
encoding but before the probe, is a key tool for indexing the retro-cue benefit
(RCB) and revealing the selective advantage of internal attention. Building on
the continuous-resource framework, we synthesize recent findings and argue that
the emergence of the internal-attention advantage hinges on (i) the sufficiency
of memory consolidation, which determines cue effectiveness; (ii) the degree of
sustained attention, which maintains the activation of target representations;
and (iii) enhanced decision information quality, which improves behavioral per-
formance. Moreover, temporal dynamics, changes in memory items, variations
in cue characteristics, and external interference jointly modulate the efficiency
of resource allocation and the stability of representations, thereby shaping
internal-attention effects over time. On this basis, we propose a cognitive
model integrates the mechanisms producing the internal-attention advantage
with the interacting factors that influence it. We also outline future directions,
including the role of active inhibition, the processing of complex stimuli, and
characteristic profiles of internal attention in neurodevelopmental conditions.
These contributions offer a novel perspective on how internal attention flexibly
governs the management of information within VWM.

Keywords: visual working memory, internal attention, internal-attention advan-
tage, retro-cue, retro-cue paradigm
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