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Abstract

Previous studies have shown that attentional selection of a subset of items held in working 
memory (WM) leads to complete forgetting of the no longer relevant items. Here, we in-
vestigated whether such selective remembering can also occur for individual features of an 
object. Participants were instructed, via a cue, to remember either the color or shape of a 
colored shape and this cue was presented after (Experiment 1) or before (Experiment 2) the 
colored shape. Subsequently, participants searched for a tilted line among vertical distractor 
lines, each embedded within a colored shape. On some trials, one of the distractors in the 
search task could match the relevant or irrelevant feature of the previously shown object. 
The results of Experiment 1 showed that color attracted attention regardless of its relevance. 
On the contrary, the results of Experiment 2 showed that color guided visual attention only 
when it was pre-cued as the relevant feature. Additionally, the results of both experiments 
showed no evidence for capture by shape, even though performance on a memory test for 
shape was highly accurate. Furthermore, the capture effect for color did not depend on the 
inter-stimulus interval separating the retro-cue (in Experiment 1) or memory object (in Ex-
periment 2) from the ensuing search task. Taken together, these findings suggest that a pre-
cue allows participants to encode only the shape of an object while a retro-cue does not allow 
for the selective retention of only the shape of the object. Accordingly, we conclude that 
selection of a single feature of an object in memory is possible during perception, whereas it 
is not possible to select a single feature of an object once it is retained in WM.
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How task-relevant information is selected and encoded in working memory (WM) is 
one of the most important questions in WM research. Such selection of task-relevant infor-
mation is critical because the limited capacity of WM allows for only a few representations to 
be retained at the same time (Cowan, 2010; Luck & Vogel, 1997). Moreover, in most cogni-
tive tasks, the relevance of processed information changes dynamically based on the behav-
ioral goals. Thus, the contents of WM must be updated constantly so that the information 
most relevant for achieving current goals is selected and retained while information that is 
no longer relevant is forgotten (Oberauer, Lewandowsky, Farrell, Jarrold, & Greaves, 2012). 

In examining the mechanisms that control the contents of WM, considerable insight 
has been gained by studies using the retro-cueing paradigm. In this paradigm, participants 
are first asked to encode one or more stimuli in WM, after which they are presented with a 
cue that indicates which of these stimuli is task-relevant (for a recent review, see Souza & 
Oberauer, 2016). In analogy to studies investigating the effects of selective attention on an 
encoding of sensory stimuli, studies using the retro-cuing paradigm have shown that mech-
anisms of attentional selection can also operate on stimuli represented in WM. Specifically, 
there have been several studies that show that participants can select a subset of the memo-
rized stimuli, thus allowing these stimuli to be retained while the uncued, unattended stim-
uli are rapidly extinguished from WM (Olivers, Meijer, & Theeuwes, 2006; van Moorselaar, 
Battistoni, Theeuwes, & Olivers, 2015; Williams, Hong, Kang, Carlisle, & Woodman, 2013; 
see also, Sasin, Morey & Nieuwenstein, 2017). Interestingly, such selection in WM appears 
to rely on similar mechanisms as those involved in attentional selection of sensory input, as 
it has also been shown that the selection of a task-relevant stimulus in a memorized search 
array is associated with event-related potentials similar to those seen during search amongst 
physically present stimuli (Dell’Acqua, Sessa, Toffanin, Luria, & Jolicœur, 2010; Eimer & 
Kiss, 2010). Taken together, these findings suggest that people can control the contents of 
WM using mechanisms of selective attention that appear to operate similarly to those that 
mediate attentional selection during perceptual encoding (Belopolsky & Theeuwes, 2011; 
Kuo, Rao, Lepsien, & Nobre, 2009; Nobre et al., 2004). 

While previous studies thus provide evidence that participants can use mechanisms 
of location-based and feature-based attention to selectively attend and remember a subset 
of stimuli represented in WM, it remains unclear whether participants would also be able 
to selectively attend and retain only one feature of a stimulus held in WM. In recent work, 
such selective perceptual processing of object features has been observed in a study by Oli-
vers, Meijer, and Theeuwes (2006). In this study, participants were shown a colored shape 
and they were instructed to encode either the shape or the color of this object in memory 
for a later recognition task. Subsequently, participants first performed a visual search task 
in which one of the distractors could match either the shape or the color of the previous-
ly shown object. The results showed that this distractor only captured attention when it 
matched the to-be-remembered feature of the earlier object, and not when it matched the 
to-be-ignored feature, thus indicating that participants were able to selectively encode just 
the task-relevant feature of the object. In the current study, we examined whether this effect 
would also occur when the object in question has already been encoded in WM, thus requir-
ing the selective retention of only one of two features of an object held in WM. To address 
this matter, we used a memory-driven attentional capture paradigm similar to that used by 
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Olivers et al. (Downing, 2000; Pan, 2010; Soto, Hodsoll, Rotshtein, & Humphreys, 2008; 
Soto, Humphreys, & Heinke, 2006) to examine whether a distractor matching either the 
shape or the color of an earlier memorized object would capture attention after participants 
had been presented a retro-cue which indicated that they only had to remember the shape 
or color of the object. 

Experiment 1

Method

Participants. Twenty-four students enrolled in the English language Psychology 
bachelor program at the University of Groningen participated in the experiment for partial 
course credit.  All participants had normal or corrected to normal visual acuity (9 females; M 
= 21 years ; SD = 2.37). The study was approved by the Ethics Committee of the Psychology 
Department. Informed written consent was obtained.

Apparatus and Stimuli. The experiment was conducted on computers that were fitted 
with 22-inch CRT computer monitors with a refresh rate of 100 Hz and a resolution of 1024 
x 768 pixels. We presented stimuli using a program written with E-prime 2.0 (Schneider, 
Eschmann, & Zuccolotto, 2002). 

The stimuli were a circle (1.8° × 1.8° of visual angle), a diamond (1.8° × 1.8°), a square 
(1.9° × 1.9°), a triangle (2° × 1.7°), and a hexagon (2° × 1.7°). These shapes were drawn as 
outlines, with a red (R = 255, G= 0, B = 0), green (R = 0, G= 255, B = 0), blue (R = 0, G= 0, 
B = 255), yellow (R = 255, G= 255, B = 0) or pink (R = 255, G= 192, B = 203) outline of 0.12° 
width in visual angle. One colored shape constituted the memory object and was presented 
at the center of the screen at the start of the trial. 

The display for the search task consisted of four unique colored shapes that were posi-
tioned at the corners of an imaginary rectangle measuring 5.7° of visual angle horizontally 
and 4.1° vertically. At the center, a central fixation cross was drawn. At the center of each 
shape, a black line (0.57° length × 0.12° width) was drawn. Three of these lines were vertical 
and one – the target – was tilted 38° either to the left or to the right. The cue to remember 
either the shape or the color of the memory object consisted of the corresponding word (i.e., 
“shape” or “color”), shown in black Courier New, 20-point font, at the center of the screen. 
All stimuli were presented on a gray background.

Procedure. Each trial began with a 500-ms fixation period followed by a 1000-ms 
display of the memory object. After a 500-ms blank interval, a cue was displayed for 500 
ms which indicated whether the shape or the color of the memory object had to be remem-
bered for a later memory test. After a variable inter-stimulus-interval (ISI) of 200, 600, 
1000 or 1400 ms the search display appeared. In the search, task participants were asked to 
discriminate the orientation of the target line by pressing the “Z” key when it was tilted to 
the left and by pressing the “M” key when it was tilted to the right. There were three types of 
trials in the search task (see Figure 1). On color match trials, one of the distractors had the 
same color as the memory object. On shape match trials, one of the distractors had the same 
shape as the memory object. On no match trials, neither of the features of the memory object 
was shared by any of the objects in the search display. Figure 1 illustrates different types of 
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trials used in Experiment 1. The search response had to be made as quickly and accurately 
as possible. Following this response, there was a 500-ms blank interval before a memory 
probe appeared in the center of the screen. Depending on whether participants were cued 
to encode color or shape, the task for the memory probe was to indicate whether it matched 
the memory object in terms of the to-be-remembered feature – the memory probe never 
matched the to-be-forgotten feature of the memory object. Participants had to press “M” key 
on the keyboard in case the to-be-remembered feature was different and they had to press 
the “Z” key in case it was the same. The memory task had to be completed as accurately as 
possible, without time pressure. The manipulations of the cued feature (color or shape), the 
presence and type of matching distractor (color-match, shape-match, or no-match) and the 
ISI separating the retro-cue and the search display (200, 600, 1000, or 1400 ms) resulted in 
a total of twenty-four conditions. There were 512 trials in total. In half of the trials, there was 
no match between distractors in the search array and the memory object and in the remain-
ing trials the search array included a distractor that matched the color (25%) or shape (25%) 
of the memory object. The experiment was preceded by 32 practice trials.

Fig.1. Illustration of the procedure in experiment 1. the cue indicated whether the color or the shape of 

the memory object had to be remembered. the IsI between the memory object and the search task was 

200, 600, 1000 or 1400 ms. In the memory task, the to-be-forgotten feature of the memory object was 

never tested. the procedure of experiment 2 was the same except that the cue was presented before the 

memory object. 

color match

shape match
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Results

We excluded one participant due to chance level performance in the search task. For 
the remaining participants, responses for the search and memory tasks were correct on 97% 
and 88% of the trials, respectively. Before analyzing the reaction times (RTs) for the search 
task, we applied a two-step procedure to exclude outliers. Specifically, we first excluded trials 
with search-RTs shorter than 150 ms or longer than 3000 ms. Next, we applied the proce-
dure described by Van Selst and Jolicoeur (1994) to exclude any remaining outliers. Taken 
together, these procedures resulted in a loss of 2.6% of the data points. Lastly, we excluded 
the trials with incorrect responses in either the search task or memory task. The exclusion of 
the outliers did not change the pattern of the results.  

Mean RTs of search responses were entered in a 2 (cue: color or shape) × 3 (match: 
color, shape or no match) × 4 (ISI: 200, 600, 1000 or 1400 ms) repeated measures ANOVA. 
The only effects to reach significance were the main effects of match, F(2, 46) = 10.48, p = 
.001,    = .31 and ISI, F(3, 69) = 11.99, p < .001, 

    
= .34. The main effect of cue was not signif-

icant, F(1, 23) = 3.22, p = .086, 
    

= .12, and none of the interactions were significant (all Fs < 
1.12, all ps > .334). At the same time, however, the results plotted in Figure 2 did suggest the 
presence of an interaction between cue and match, such that there appeared to be capture 
by color regardless of cue-type, whereas there was some sign of capture by shape only in the 
condition in which shape was cued. To further examine these non-significant effects, we 
conducted a Bayes factors analysis to ascertain the evidence in support of a null effect for the 
interaction between Cue and Match. This analysis indeed corroborated the non-significance 
of the Cue × Match interaction with a BF01 of 9.85, meaning that the data were almost ten 
times more likely under the null hypothesis of no interaction than under the hypothesis that 
these factors did interact. 

Fig.2. Results of experiment 1. Mean Rts (ms) in the search task as a function of cue condition and match 

condition. error bars reflect within-subject standard errors of the mean (Morey, 2008).
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To further examine the main effects of match and ISI, we conducted a series of post-
hoc comparisons using Holm-Bonferroni correction. For the match condition, these tests 
showed that search responses were significantly slower on color match trials (M = 756 ms) 
than on no-match trials (M = 724 ms), t(23) = 5.51, p = .003, and shape match trials (M = 
731 ms), t(23) = 2.72, p = .024. In contrast, there was no significant difference in search RTs 
between shape-match trials and no-match trials, t(23) = 0.99, p = .330, BF01 = 2.985. For the 
main effect of ISI, the pairwise t-tests showed that RTs decreased as ISI increased from 200 
ms (765 ms) to 600 ms (727 ms), t(23) = 4.42, p = .003, whereas there was no further change 
in RTs as ISI increased beyond 600 ms (all p’s > .625). 

Discussion Experiment 1

Taken together, the results of Experiment 1 yielded two main findings of interest. First-
ly, they showed that a distractor matching the color of a previously memorized object cap-
tured attention regardless of whether participants had been retro-cued to retain only the 
shape or the color of the object. Secondly, the results showed that a distractor matching the 
shape of an earlier memorized object did not capture attention regardless of whether the 
retro-cue indicated that the shape or the color of the object had to be retained in memory. 
While the combination of these two findings signifies that color may be more potent in guid-
ing attention than shape (see also, Soto et al., 2005, 2006; Soto & Humphreys, 2009; Wolfe 
& Horowitz, 2004) the lack of an effect of cuing on attentional capture by color suggests that 
participants were unable to use the cue to selectively retain only the relevant shape feature 
of the earlier memorized object. In Experiment 2, we investigated whether a selection of 
features is possible during perception, that is, when participants are pre-cued to encode only 
the color or the shape of a subsequently presented object.  

Experiment 2

In demonstrating that a distractor matching the color of an earlier memorized object 
captured attention regardless of whether participants were cued to retain only the object’s 
shape or color, the results of Experiment 1 can be said to present an interesting exception 
to earlier findings demonstrating similarities between the operation of selective attention 
in WM and perceptual encoding. Specifically, earlier findings indicate that attentional se-
lection in WM resembles selection during perceptual encoding. Moreover, in the study re-
ported by Olivers et al. (2006) attentional capture by a specific feature (color or shape) of 
the earlier-perceived object was found only when this feature was pre-cued as relevant, thus 
suggesting, that deployment of attention in perception leads to feature-selective encoding 
and that an individual color feature and an individual shape feature can be encoded sepa-
rately. Interestingly, the results of Experiment 1 show that selection in WM cannot occur for 
an individual shape feature of an object. However, there have also been findings that suggest 
that such feature-selective attention during perception may depend on specific character-
istics of the stimuli and task, as some studies have found that if participants are pre-cued 
to memorize only one feature of an object, they will also automatically encode the other 
features of this object (Gao et al., 2016; cf. Guérard, Morey, Lagace, & Tremblay, 2013) thus 
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demonstrating an instance of object-based selection similar to that seen in Experiment 1. 
Accordingly, an important question for the current study is whether participants would be 
able to encode only the pre-cued feature of the object, given the stimuli and tasks used in 
Experiment 1 of the current study. In Experiment 2, we addressed this matter by replicating 
Experiment 1 with the difference that the cue to remember only color or shape was now pre-
sented before – rather than after – the object itself. Thus, Experiment 2 served to test wheth-
er participants could selectively encode only the color or the shape of an object, as would be 
expected on the basis of earlier findings by Olivers et al. Note however that given the results 
reported in Experiment 1 and previous findings by Soto et al. (2005; 2006; 2009), we do not 
expect capture effect by shape feature as in this paradigm memory-matching shape feature 
seems to be insufficient to influence external selection.  

Method

Participants. Twenty-four students enrolled in the English language Psychology 
bachelor program at the University of Groningen participated in the experiment for partial 
course credit.  All participants had normal or corrected to normal visual acuity (14 females; 
M = 20.5 years; SD = 1.26). The study was approved by the Ethics Committee of the Psychol-
ogy Department. Informed written consent was obtained.

Apparatus and Stimuli. The stimuli and apparatus were identical to those used in 
Experiment 1. 

Procedure. The procedure was identical to Experiment 1 except that the cue for shape 
or color was presented 500 ms prior to the appearance of the memory object. 

 Results 
We excluded one participant due to chance level performance in the search task. The 

remaining participants were correct on 86% of the trials for the memory task and on 96% of 
the trials for the search task. To exclude outliers for the analysis of search-RTs we followed 
the same procedure as in Experiment 1 and this resulted in a loss of 2.9% of data points. 
Lastly, we excluded the trials with incorrect responses in either the search task or memory 
task. The exclusion of the outliers did not change the pattern of the results.  

A repeated measures ANOVA was performed on mean RTs of search responses. The 
results showed that the main effects of match and ISI were significant, F(2, 46) = 9.87, p < 
.001,     = .30, and F(3, 69) = 5.29, p = .009,     = .19, respectively. The interaction between the 
cue and match conditions just failed to reach significance (see Figure 3), F(2, 46) = 3.21, p 
= .05,     = .12, with a BF10 = 2.65, indicating that the data were 2.65 times more likely under 
the hypothesis that there was indeed an interaction. The main effect of cue condition and all 
other interaction effects did not reach significance (all F’s < 1.47, all p’s > .227). 
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Fig.3. Results of experiment 2. Mean Rts (ms) in the search task as a function of cue condition and match 

condition. error bars reflect within-subject standard errors of the mean (Morey, 2008)

To further examine the basis for the trend in the direction of a Cue × Match interaction, 
we conducted two additional ANOVAs to examine the effect of Match for each Cue condition 
separately. These analyses showed that the effect of match was significant when participants 
were cued to remember only the color of the object, F(2, 46) = 9.69, p < .001, 

2
ph = .30, but 

not when they were cued to remember on the object’s shape, F(2, 46) = 0.95, p = .395, 
2
ph = 

.04. For the color-cued condition, pairwise t-tests  showed that search responses were slower 
on color-match trials (747 ms) than on no-match trials (703 ms), t(23) = 3.93, p < .003 and 
shape-match trials (715 ms), t(23) = 2.85, p = .018, whereas there was no significant differ-
ence between shape-match trials and no-match trials, t(23) = 1.38, p = .180. For the main 
effect of ISI, the pairwise t-tests showed that RTs decreased as ISI increased from 200 ms 
(765 ms) to 600 ms (727 ms), t(23) = 4.42, p = .003, whereas there was no further change 
in RTs as ISI increased beyond 600 ms (all p’s > .625).Thus, the results of Experiment 2 
showed that participants were able to selectively encode only the task-relevant feature of the 
subsequently presented object, such that a distractor matching the color of the earlier shown 
object only captured attention when participants were pre-cued to encode the color of this 
object, and not when they were pre-cued to encode the object’s shape.

General Discussion

In the current study, we used the memory-driven attentional capture effect to inves-
tigate whether participants are able to selectively encode and retain a single feature of an 
object in WM. Specifically, we used a retro-cuing manipulation to examine whether partici-
pants would be able to selectively retain only the shape or the color of an object held in WM, 
and we used a pre-cuing manipulation to examine whether participants would be able to 
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selectively encode one of these features for a subsequently presented object. 
The results of the current study suggest a different effect of pre and retro-cues, such 

that participants were unable to use a retro-cue to selectively retain only the shape of an 
earlier memorized object and thus forget no longer relevant color feature (Experiment 1), 
whereas they were successful in selectively encoding only the shape feature in case this fea-
ture was pre-cued before the presentation of the object (Experiment 2). In addition, our 
results made clear that the likelihood of attentional capture by either relevant or irrelevant 
color feature did not depend on the inter-stimulus interval separating the retro-cue (in Ex-
periment 1) or the memory object (in Experiment 2) from the ensuing search task. Lastly, we 
found that in both experiments shape did not exert an influence on external selection even 
when the shape was pre-cued or retro-cued as relevant.1 

The capture by color and the lack of the capture by shape has been already reported 
in the previous studies (Soto et al., 2005, 2006; Soto & Humphreys, 2009). These findings 
suggest that color might be a more potent feature for guiding attention than shape. While 
some of the previous studies found that shape was ineffective in guiding visual attention 
(Pan, 2010; Soto et al., 2005, 2006), others provided evidence for such a shape-based mem-
ory-driven attentional capture effect (Gao et al., 2016; Olivers et al., 2006). These contra-
dictory findings seem to suggest that capture effect based on shape is dependent on the task 
conditions rather than the shape feature itself. Because the current study was not designed 
to test the conditions under which specific features guide visual attention, we will not spec-
ulate about this matter further and all interpretations will be accordingly restricted to the 
observed effects for color.

In interpreting the finding that participants were unable to selectively retain only the 
shape of an earlier memorized object (Experiment 1), two explanations can be considered. 
First, this finding may suggest that attentional selection in WM operates on object represen-
tations which can only be selected as a whole, and not in terms of the individual features that 
make up the object. According to this object-based selection account, features of an object 
are stored in an integrated form in WM and thus, selection of the task-relevant feature is 
accompanied by the automatic selection of the task-irrelevant feature (Gao, Gao, Li, Sun, & 
Shen, 2011; Luck & Vogel, 1997). Alternatively, the current findings may also be explained in 
terms of a feature-based selection account that argues that features of the object held in WM 
are stored separately (Fougnie et al., 2011; Wheeler & Treisman, 2002) and that selection 
can operate on the individual features that constitute the object. In the following sections, 
we will discuss these two accounts of the results of Experiment 1 in further detail. 

The interpretation that object-based selection drove the results of Experiment 1 can 
be said to be consistent with the results reported by Gajewski and Brockmole (2006), who 
found that the forgetting or retention of an object in WM entails that all of its features are 
forgotten or retained. In another study, Astle and colleagues also found evidence that se-
lection in WM operates on objects, not features (Astle, Scerif, Kuo, & Nobre, 2009). In this 
study, participants performed a visual search task in which they needed to detect a feature 
that was defined by a retro-cue. Specifically, participants were first shown a colored shape 
that had to be encoded in memory, and they were subsequently shown a cue which indicated 

1 It is important to highlight that the analysis of the current data was restricted to trials with correct responses in the mem-
ory test to ensure that the to-be-remembered feature was indeed correctly remembered. 
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whether the color or the shape of this object constituted the target template for the search 
task. In the search task, two objects were shown, of which one could have either the rele-
vant or the irrelevant feature, and the task for the participants was to indicate whether the 
relevant feature was present or absent. By using EEG, the authors were able to demonstrate 
attentional effects for both the relevant and the irrelevant feature, thus indicating that both 
features influenced performance, despite the cue to search for only one of these features. 
Taken together, the results from Gajewski and Brockmole and Astle et al. show that once an 
object has been encoded into WM, it can only be retained or forgotten as a whole. Here we 
found that the instruction to selectively retain only the shape of the earlier encoded object 
was ineffective, such that the uncued color feature continued to exert an influence in the 
form of guiding attention towards matching stimulus. This finding can be interpreted in 
terms of object-based selection, which would be consistent with the findings reported by 
Gajewski and Brockmole and Astle et al.

Alternatively, the finding that a retro-cue to remember either color or shape did not 
modulate attentional capture by color can also be explained by a feature-based selection 
account. However, this account requires a number of additional assumptions in order to 
accommodate the current data, and some of these assumptions appear at odds with previ-
ous findings. To be precise, a feature-based selection account would require the assumption 
that memory activation for color is stronger than activation for a less salient feature such as 
shape, thus allowing the color to dominate over shape in guiding attention. This assumption 
seems to be reasonable given that previous findings show that colors are remembered more 
easily than shapes such as random polygons or Chinese characters (Alvarez & Cavanagh, 
2004) and findings that color images of natural scenes are remembered better and recog-
nized faster than achromatic images (Gegenfurtner & Rieger, 2000). Second, it has to be as-
sumed that a higher level of activation for color entails that this activation cannot be reduced 
by selecting a different feature such as shape, which would explain why the requirement to 
select only the shape of an object being held in WM did not lead to attenuation of the cap-
ture by no-longer relevant color. However, this assumption appears to be at odds with some 
previous findings. Specifically, in a recent study, we found that the instruction to forget an 
earlier-memorized colored shape lead to a significant reduction of attentional capture by a 
matching object (Sasin, Morey, & Nieuwenstein, 2017). This finding is of relevance because 
it shows that a WM representation that includes color can be partially deactivated once it 
is no longer relevant. Moreover, the results of other studies seem to suggest that when the 
selection of one of two colored shapes held in WM is required, the no longer relevant object 
is completely forgotten (Olivers et al., 2006; Williams et al., 2013). In light of these findings, 
feature-based selection account appears to be less suited to explain the results of Experiment 
1 than object-based selection account.       

While the requirement to select individual shape feature of an object in WM does not 
lead to forgetting of an irrelevant color feature, the selection of information during percep-
tual encoding does appear to allow for the selective encoding of individual shape feature 
while filtering out irrelevant color feature. This is indicated by the results of Experiment 2, 
where we found that pre-cuing the to-be-remembered feature did result in a modulation 
of attentional capture, such that in this case, capture only occurred for the task-relevant, 
to-be-remembered color feature. In demonstrating a feature-specific encoding effect, the 
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results of Experiment 2 converge with earlier findings by Olivers et al. (2006) while they 
oppose the results of Gao et al. (2016), who found evidence suggestive of object-based en-
coding. In considering the implications of these opposing results, a first conclusion would 
be that attentional selection during perceptual encoding can be either feature-specific (i.e., 
resulting in memory storage of a specific feature) or object-based (i.e., resulting in memory 
storage of the entire object). When considering the conditions under which these different 
outcomes have been observed, it becomes apparent that the occurrence of feature-specific 
encoding may depend on whether the feature in question is pre-cued on a trial-by-trial ba-
sis (as in the current study) or whether it is fixed across a block of trials (as in the study by 
Gao et al.), on whether the feature is drawn from a set of easily discriminable features (e.g., 
red, green or blue vs. three shades of red), and on whether the memory probe that is used 
to assess memory for the earlier presented feature can or cannot include the irrelevant, to-
be-ignored feature (Soto & Humphreys, 2009). Across these different factors, the common 
denominator appears to be that feature-specific encoding is more likely to occur when the 
demand for selective encoding is high due to either the potential for confusion (i.e., with a 
previously cued feature or in judging the memory probe), or to the difficulty of encoding 
the feature in question (i.e., when this feature is drawn from a set of features that are highly 
similar, such as three shades of red). An interesting question for future research will be to 
investigate and compare the effects of these different factors directly.

Taken together, the results of the current study suggest that while a specific feature 
such as shape can be encoded selectively during perception, this feature cannot be selective-
ly retained after an object has been encoded in WM. With this combination of results, the 
current findings present an interesting exception to previous findings which suggest that 
effects of attention seen during perceptual encoding can also occur for objects held in WM 
(e.g., Belopolsky & Theeuwes, 2011; Dell’Acqua et al., 2010; Eimer & Kiss, 2010; Lewis & 
Bates, 2013). Specifically, while previous findings have shown that the selection of objects 
can be done on the basis of features such as color or location in both memory and percep-
tion, the current findings suggest that when it comes to selecting individual shape feature 
of colored shape, this can only be done in perception, but not in memory. In accounting for 
this discrepancy, an important consideration lies in the nature of the representation upon 
which attention operates during perception and memory. During perception, visual features 
such as color and shape are initially represented by individual populations of neurons whose 
activation may result in the eventual binding and encoding of these features into an object 
representation in WM. In pre-cuing participants to only encode the color or shape of an 
object, attention can be used as a gate to allow only the relevant feature of the object to be 
sufficiently activated to result in encoding in WM, with the occurrence of such selective en-
coding being dependent on the factors mentioned in the preceding section. In contrast, the 
retention of a previously seen object in WM involves the sustained activation of all object 
features. One possibility is that such activation is integrated into a coherent representation 
(Gao et al., 2011; Luria & Vogel, 2011; Vogel, Woodman, & Luck, 2001). By implication, it 
follows that a cue to retain only the shape of the colored shape would automatically result 
in the activation of the color feature encoded in this representation, thus precluding the 
possibility for selective retention and forgetting of an individual color feature of the ob-
ject. Another possibility is that object in WM is stored as a collection of separable features 
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(Fougnie et al., 2011; Wheeler & Treisman, 2002; Woodman & Vogel, 2008), but forgetting 
of the color feature does not follow selection of the shape feature, because activation of rep-
resentation of the color feature strongly dominate over shape.  

To conclude, the current study shows that once an object is encoded in WM, a cue that 
indicates the relevance of only one of the object’s features such as shape will not lead to for-
getting of the no longer relevant color of this object. In contrast, such feature-selective pro-
cessing does appear to be possible during perceptual encoding, as we found that pre-cuing 
shape before the presentation of the object does result in feature-specific memory for only 
the shape of the object. 
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