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Abstract An item that differs from the surrounding items is
remembered better than an item that is consistent with its
surroundings; this is known as the von Restorff effect or iso-
lation effect (von Restorff, Psychologische Forschung, 18,
299–342, 1933). Theoretical explanations have proposed that
the isolate is processed differently from control items, though
some research has suggested that this processingmight require
more attention for semantic than for physical isolates. To test
this possibility, in the present study we examined the isolation
effects for physical isolates and semantic isolates under full
and divided attention. Participants viewed lists of categorized
words, with some lists containing either a physical or a seman-
tic isolate, followed by immediate written free recall. Across
three experiments, divided attention eliminated the semantic
isolation effect but did not impact the physical isolation effect.
Furthermore, semantic isolates were output earlier in recall
than controls, whereas physical isolates were output more
similarly to controls. These findings suggest that semantic
isolation effects require attention during encoding, whereas
physical isolation effects are relatively automatic.
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Memory is influenced by a variety of contextual factors, such
as biological state (e.g., Peterson, 1977), the environment
(e.g., Godden & Baddeley, 1975), or the manner in which
items are processed (e.g., Morris, Bransford, & Franks,

1977). Research has shown that when an item violates the
established context, such as viewing a hand mixer in an office
setting, memory for the distinctive item improves (e.g.,
Mäntylä & Bäckman, 1992). This benefit is seen when a list
item is different from the other items in the list, known as the
isolation effect, or the von Restorff effect (after von Restorff,
1933). Early explanations of the isolation effect proposed that
greater attention is devoted to the isolates than to the back-
ground items (e.g., Jenkins & Postman, 1948), though several
lines of data have refuted such an explanation (for a review,
see Hunt & Lamb, 2001). More recent views have abandoned
differential attention in favor of other processing require-
ments. Although isolates may not require greater attention, it
is unclear whether attention is necessary at all. This may de-
pend on the nature of the way inwhich the isolated item differs
from the background. Processing the unique features of iso-
lated items may be more attention-demanding for isolates that
are conceptually distinctive (e.g., different category) than for
isolates that are perceptually distinctive (e.g., different font
color). To that end, the purpose of the present study was to
examine whether isolation effects require attention during
encoding, and whether this depends on the nature of the iso-
lated items.

The isolation effect has been reliably obtained using a va-
riety of methodologies (for reviews, see Hunt, 1995; Schmidt,
1991; Wallace, 1965). Isolation effects can be achieved by
manipulating a physical feature of the item, such as the font
size or color, or by selecting an item from a different taxonom-
ic category in a list of words from a single category.
Manipulations of color, size, and spacing have been found to
be the most effective techniques for producing large isolation
effects (e.g., Cimbalo, Capria, Neider, & Wilkins, 1977).
There is also some evidence that the effect size increases as
the difference between the background and the isolated item
increases (e.g., Gumenik & Levitt, 1968).
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One important point made by von Restorff (1933) is that
difference alone is not sufficient to yield an isolation effect.
For example, if the isolated itemwas a digit in a list containing
various types of items (e.g., a symbol, word, letter, shape,
etc.), the isolate would be just as different from the other items
as it would be if the list contained only one type of item (e.g.,
words). Yet, von Restorff demonstrated that the advantage for
the isolate only occurs when the isolate is presented amongst a
background of similar items. Thus, the isolate must not only
be different, but also distinctive. The memory improvement
associatedwith this distinctiveness has resulted in the isolation
effect being referred to as Bthe generic label for the effects of
distinctiveness on memory^ (Hunt, 1995, p. 105; but see
Schmidt, 1991, for a review and a broader discussion of
how the effects of distinctiveness on memory depend on
how distinctiveness is defined and operationalized).
Although the isolation effect has been referred to as Bthe
mother of all distinctiveness effects^ (Hunt & Lamb, 2001,
p. 1359), the exact cause of the memory improvement has
been debated since von Restorff’s experiments.

Attention and the isolation effect

Early explanations of the isolation effect proposed that
extra attention is paid to the isolate during encoding (e.g.,
Jenkins & Postman, 1948). The items that precede the iso-
late establish a context (e.g., font size or semantic catego-
ry), and the isolated item becomes salient because it devi-
ates from the established context. This salience may sur-
prise participants, resulting in additional attention and pro-
cessing (e.g., Green, 1956). The mechanism by which the
additional attention aids memory is not clear. Rundus
(1971) proposed that the isolate is remembered better be-
cause it is rehearsed more than the other items.

Several lines of data have argued against the differential-
attention view (for a more thorough discussion, see Dunlosky,
Hunt, & Clark, 2000). For example, increased processing of
the isolate should reduce processing of the immediately sur-
rounding items, resulting in impaired memory for those items.
Such an impairment has been found in some studies (e.g.,
Hunt & Mitchell, 1982), but not in others (e.g., Bruce &
Gaines, 1976; Fabiani & Donchin, 1995). Additionally, isola-
tion effects are obtained when the isolate is placed first in the
list (e.g., Bellezza & Cheney, 1973; Kelley & Nairne, 2001;
Pillsbury & Rausch, 1943). In such instances, the isolate
should not receive differential attention, since no context has
been established and the isolate’s difference is not salient to
participants. Dunlosky, Hunt, and Clark also found isolation
effects for items that appear early in the list, even when those
items were not judged to be more salient and were not re-
hearsed more by participants.

Current explanations of the isolation effect

More recent accounts of the isolation effect have abandoned
the idea of differential attention. Instead, current theories ar-
gue that isolated items have an advantage at retrieval. Hunt
and Lamb (2001; Hunt, 1995, 2006) explained that catego-
rized lists result in participants spontaneously encoding the
similarities across the list items (categorical processing), but
reduce the likelihood of participants focusing on features of
the individual items (item-specific or difference processing).
They proposed that the isolated item, on the other hand, re-
ceives both categorical and item-specific processing.
Categorical processing involves spontaneously identifying
the category of the isolate, and item-specific processing is
increased because the isolate is the only item in its category.
Given that the background items receive categorical process-
ing, whereas the isolated item receives both categorical and
item-specific processing, the isolated item is more distinctive
at retrieval.

Hunt and Lamb (2001) empirically supported this explana-
tion by showing that isolation effects were obtained when
participants engaged in similarity processing (naming similar-
ities across items during encoding), whereas isolation effects
were not obtained when participants engaged in difference
processing (naming differences). Their explanation is also
consistent with von Restorff’s (1933) original explanation,
in which she proposed that the similar background items were
agglutinated, resulting in the isolate standing out Bas figure
against the ground of homogeneous items^ (Hunt, 1995, p.
107). Although von Restorff did not experimentally control
the type of processing that participants engaged in, she dem-
onstrated that isolation effects only occurred when the back-
ground items were similar to each other. Hunt and Lamb’s
explanation furthers von Restorff’s original proposal, in that
the background items not only have to contain a similarity, but
this similarity must be processed in order to obtain improved
memory for the isolate.

Nairne (2006; Kelley & Nairne, 2001) proposed a similar
retrieval-based explanation of the isolation effect using his
feature model of immediate memory (e.g., Nairne, 1990).
According to this model, the processing of list items results
in residual traces in primary memory. These traces are used as
cues to retrieve items from secondary memory. Memory per-
formance is a function of how well the cues match the target
versus the competitor set. The residual trace for the isolate will
be more likely to contain features unique to that item, making
the trace more effective than traces for other items. This dis-
tinctiveness results in improved memory performance for the
isolate. Nairne (2006) presented mathematical modeling data
in support of this theory and attributed the isolation effect to
cue overload.

Nairne’s feature model explanation of the isolation effect
differs from that of Hunt and Lamb (2001) in that it does not
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make assumptions about the type of processing that occurs
during encoding. Whether or not an isolation effect will be
obtained is determined strictly by the relationship between the
cues, targets, and competitors at retrieval. This relationship,
though, is impacted by manipulations that alter the extent to
which participants focus on similarities and differences across
list items. For example, Nairne (2006) accounted for the re-
sults of Hunt and Lamb by proposing that similarity process-
ing increases the feature overlap amongst the background
items (thus making the isolate more discriminable as the back-
ground items experience greater cue overload). On the other
hand, difference processing decreases feature overlap, which
reduces cue overload for both isolates and background
items—this removes some or all of the advantage afforded
to isolates.

Revisiting the need for attention

The amount of attention available during encoding directly
impacts performance on memory tests. When attention during
encoding decreases, explicit memory is reduced (e.g.,
Baddeley, Lewis, Eldridge, & Thomson, 1984; Craik,
Govoni, Naveh-Benjamin, & Anderson, 1996). Although this
relationship generally holds, the memory decline depends on
the nature of the items and the features that need to be
encoded. A wealth of literature has argued that perceptual
information can be processed automatically with little impact
by dividing attention during encoding, whereas processing
conceptual information requires greater attentional resources
and is more impaired by dividing attention (for a review, see
Mulligan, 1998). Although retrieval-based explanations of the
isolation effect do not invoke differential attention, they do
require the encoding of relevant features that result in a re-
trieval advantage. It is unclear whether encoding these fea-
tures is attention-demanding or more automatic in nature,
and this may depend on how the isolate differs from the back-
ground items. Perceptual differences (e.g., a change in the font
size or color) may be detected and encoded relatively auto-
matically, whereas conceptual differences (e.g., a change in
category) may require greater attentional resources during
encoding.

This possibility is consistent with Smith’s (2011) contextu-
al support for similarity and difference (CSSD) framework,
which she proposed as an extension of Hunt’s (2006) distinc-
tiveness processing and Craik’s (1986) environmental-support
views. Smith argued that the context influences the likelihood
that similarity and difference processing will occur spontane-
ously. Specifically, she proposed that older adults are more
likely to spontaneously engage in this type of processing when
an isolate is perceptually different from the background items
than when an isolate differs conceptually from the back-
ground. She provided empirical support for this framework

by finding that age-related differences in the isolation effect
depended on the nature of the isolate. When the isolate was
placed early in the list, older adults benefited from items that
were perceptually distinct (numbers in a list of words, Exp. 2),
but not from items that were conceptually distinct (the word
Btable^ in a list of types of fish, Exp. 1). These differences
were presumed to reflect differences in the resources at
encoding that were necessary to process the two types of iso-
lates. If age-related differences in the benefits for distinctive
information are due to age-related deficits in attentional re-
sources (e.g., Geraci et al., 2009; Gounden & Nicolas, 2012;
Mäntylä & Bäckman, 1992; Smith, 2006), then manipulations
of distinctiveness that lack age-related differences would, pre-
sumably, require less attention.

Although perceptual isolates may increase the likelihood of
spontaneous similarity and difference processing, Geraci and
Rajaram (2002) argued that Ball distinctiveness effects, even
those that are perceptually manipulated, involve conceptual
processing^ (p. 287). They defined conceptual processing as
both the processing of the meaning of a stimulus and the
conscious, controlled processing of Bcomparative evaluation
of a stimulus against its context^ (p. 288). They demonstrated
that orthographic distinctiveness effects are reduced (Exps. 2a
and 2b) or eliminated (Exp. 2c) under divided attention, pre-
sumably due to a reduced ability to engage in conceptual
processing. Contrary to these findings, Gounden and Nicolas
(2012) found that dividing attention did not reduce ortho-
graphic distinctiveness effects. They also included older adults
and found that aging did not impact the orthographic distinc-
tiveness effect. The large number of methodological differ-
ences (e.g., type of test, number of studied items, length of
delay before test, etc.) between the two studies makes it diffi-
cult to determine why they obtained disparate patterns of re-
sults. However, the results obtained by Gounden and Nicolas
are consistent with previous work attributing the orthographic
distinctiveness effect to perceptual processing that occurs au-
tomatically (e.g., Hunt & Elliot, 1980; Hunt & Toth, 1990).

If perceptual isolation effects are mediated by automatic
processing and conceptual isolation effects require greater
attentional resources, then manipulations that alter the
manner in which participants encode the items should have a
greater impact on conceptual isolation effects than on
perceptual isolation effects. Fabiani and Donchin (1995) pro-
vided support for this idea in a study that involved presenting
participants with lists containing nonwords, words from a sin-
gle category, a physical isolate, and a semantic isolate. The
physical isolate was a word from the same category that was
presented in a larger font, and the semantic isolate was a word
from a different category. Participants engaged in one of two
orienting tasks: making a judgment about the font size (phys-
ical task) or making a judgment about whether each item was
a word or a nonword (semantic task). The results showed that
semantic isolation effects were obtained with the semantic
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orienting task, but not with the physical orienting task.
This pattern is consistent with Hunt and Lamb (2001),
in that only the semantic task would promote processing
the similarities of the background items (the category of
the real words) while also processing the difference of the
isolate (a word from a different category). The physical
isolation effect, on the other hand, was unaffected by the
orienting task, suggesting that the perceptual distinctive-
ness of the physical isolates was encoded even when at-
tention was focused on semantic features.

Fabiani and Donchin (1995) used event-related potential
(ERP) analyses to examine how physical and semantic iso-
lates are processed during encoding. They examined the P300
and N400 ERP components, because these components are
associated with the detection of deviation from the context.
The P300 is sensitive to deviance along a variety of physical
and semantic dimensions, provided that the dimension is rel-
evant to the task (for reviews, see Donchin, 1981; Fabiani,
Gratton, Karis, & Donchin, 1987). Fabiani and Donchin
obtained a larger P300 for physical isolates than for
controls, regardless of the orienting task. This implies
that the deviation of the physical isolate was processed
in all orienting conditions. The P300 component was
also correlated with the physical isolation effect at
recall, suggesting that the detection of deviance is
strongly tied to a retrieval advantage. In a related study,
Fabiani, Karis, and Donchin (1990) found that this corre-
lation was apparent for participants using rote rehearsal,
but not for participants using more elaborative mnemonic
strategies. Thus, ERPs are sensitive to the differences in
the ways that isolates are processed.

Fabiani and Donchin (1995) found that the relationship
between the P300 and the isolation effect was different for
semantic isolates. Participants exhibited a larger P300
component for semantic isolates than for controls in the
semantic orienting task, but not in the physical orienting
task. This suggests that the deviation of the semantic iso-
late was not processed in the physical orienting task,
which is consistent with the literature on the P300.
However, the N400 component is particularly sensitive
to semantic deviance (for reviews, see Kutas & Van
Petten, 1988; Pritchard, Shappell, & Brandt, 1991) and
was larger for semantic isolates regardless of the orienting
task, suggesting that participants detected the deviation of
the semantic isolate in both orienting groups, though this
detection did not always result in an advantage at recall.
This implies that the processing involved in the simple
detection of an isolate as deviating from the background
items is not necessarily the same processing that results in
the memory advantage for those items. The detection of
an isolate as being deviant may be sufficient for the phys-
ical isolation effect to occur, whereas the semantic isola-
tion effect may require greater attentional resources.

The present study

In summary, early accounts of the isolation effect proposed
that isolation effects are due to greater attention being devoted
to isolates during encoding (for reviews, see Green, 1956;
Jenkins & Postman, 1948). Several lines of data have argued
against the need for greater attention (for reviews, see Hunt &
Lamb, 2001; Hunt & Seta, 1984), and recent theories have
abandoned differential attention in favor of enhanced distinc-
tiveness at retrieval (e.g., Hunt & Lamb, 2001; Kelley &
Nairne, 2001; Nairne, 2006). It is unknown, however, whether
the processing at encoding that results in greater distinctive-
ness at retrieval is more automatic in nature or requires atten-
tional resources. There is evidence suggesting that this may
depend on whether the isolate is perceptually or conceptually
different from the background items (e.g., Fabiani & Donchin,
1995; Smith, 2011). To that end, in the present study we ex-
amined the isolation effect under full and divided attention
using semantic isolates (Exp. 1), physical isolates (Exp. 2),
and both types of isolates (Exp. 3). We predicted that physical
isolation effects would be equivalent under full and divided
attention, whereas semantic isolation effects would be elimi-
nated by divided attention.

Experiment 1

Method

Participants A total of 36 undergraduates (mean age 20
years, age range 18–22) from The College of New Jersey
participated in the present experiment to partially satisfy a
course requirement. All participants were native speakers of
American English.

Materials Forty categories were selected from the category
norms in Van Overschelde, Rawson, and Dunlosky (2004).
For each category selected, 12 items were chosen to create
categorized word lists. For example, the Bprecious stones^
category included items such as diamond, ruby, emerald,
pearl, garnet, and jade. Two versions of the experiment were
created, with 20 of the 40 lists being assigned to each version.
In each version, the ten control lists contained 12 items from
the same category. The ten isolate lists contained 11 items
from the same category and one item from a different category
at the seventh serial position. The lists in the two versions
were counterbalanced such that the target items appeared
equally often as controls and isolates across participants. The
remaining items in the lists appeared in a random order for
each participant.

Design A 2 (Type of Attention: full, divided) × 2 (Type of
List: isolate, control) within-subjects design was used. There
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were 20 trials, with five trials in each of the four conditions
(full-attention control, full-attention isolate, divided-attention
control, and divided-attention isolate). Within each trial,
words were presented individually at a rate of 1 s/word. For
trials in the full-attention condition, the items would begin
immediately upon initiating the trial. For divided attention
trials, the computer selected a random three-digit number
(e.g., 428), and a message was displayed prior to the presen-
tation of the list that indicated that participants should begin
counting backward aloud by ones from that number (e.g.,
BCount backward from 428^) for the duration of the presen-
tation of the list. The list type (full/divided, isolate/control)
was randomly selected on each trial. Participants recalled the
items using free written recall.

Procedure Participants clicked a button labeled BNext Trial^
to begin each trial. They were instructed to silently read the
words as they appeared on the screen. Participants were told
that on some trials they would see a message that instructed
them to count backward from a random number. For example,
if the number was 428, the participant was told to say aloud,
B428, 427, 426, . . .^ until the prompt, BPlease recall the items,
^ appeared. Theywere instructed to stop counting backward at
this point and to begin recalling the items in any order by
writing the items on a response sheet. Recall was self-paced,
and participants could take breaks between trials as needed.
Each participant was tested individually, and the research as-
sistant remained in the room to ensure compliance with the
directions.

Results

Overall recall The proportion of items recalled from each list
was analyzed with a 2 (List Type: isolate, control) × 2
(Attention: full, divided) × 12 (Serial Position: 1–12) analysis
of variance (ANOVA). For this and all subsequent analyses,
alpha was set to .05. As can be seen in Fig. 1, overall recall of
the isolate lists (M = .49) did not differ from that of control
lists (M = .49), with no main effect of list type (F < 1). More
list items were recalled with full attention (M = .59) than with
divided attention (M = .39), yielding a significant main effect
of attention [F(1, 35) = 192.352,MSE = 0.097, p < .001, ηp

2 =
.846]. The reduction in performance under divided attention
was greater for early than for late serial positions, resulting in a
significant interaction between attention and serial position
[F(11, 385) = 3.359, MSE = 0.045, p < .001, ηp

2 = .088].
Typical primacy and recency effects were obtained, resulting
in a significant main effect of serial position [F(11, 385) =
40.321, MSE = 0.057, p < .001, ηp

2 = .535]. Control lists
and isolate lists were similarly impacted by the attention ma-
nipulation, resulting in the lack of a significant interaction
between list type and attention (F < 1). In the overall data,
an isolation effect (better recall of isolates vs. controls in the

7th serial position) would be evidenced by an interaction be-
tween list type and serial position—this interaction was not
significant in the present experiment (F < 1). The lack of an
interaction likely occurred because the isolation effect was
present under full attention (7th position isolates M = .60 vs.
7th position controlsM = .40), but absent under divided atten-
tion (7th position isolatesM = .34 vs. 7th position controlsM
= .35), resulting in a marginally significant three-way interac-
tion between list type, attention, and serial position [F(11,
385) = 1.761, MSE = 0.037, p = .059, ηp

2 = .048].

Recall of target items The results were consistent with the
predictions that (1) a semantic isolation effect would be dem-
onstrated under full attention and (2) dividing attention would
eliminate the semantic isolation effect. The proportions cor-
rect for target items in Position 7 were analyzed with a 2 (Item
Type: isolate, control) × 2 (Attention: full, divided) ANOVA.
A greater proportion of isolates were recalled than controls (M
= .47 vs.M = .38), yielding a main effect of item type [F(1, 35)
= 6.44, MSE = 1.32, p < .05, ηp

2 = .155]. More items were
recalled under full attention (M = .50) than under divided
attention (M = .35), yielding a main effect of attention [F(1,
35) = 11.91,MSE = 21.01, p < .01, ηp

2 = .254]. As can be seen
in Fig. 2, the recall advantage for isolates over controls, or the
isolation effect, was obtained with full attention (M = .60 vs.
M = .40), but not with divided attention (M = .34 vs.M = .35),
yielding a significant interaction between attention and item
type [F(1, 35) = 9.44, MSE = 1.01, p < .01, ηp

2 = .212].

Output order In addition to examining the recall data, we
examined whether isolates were more likely than controls to
be output early during retrieval. The output positions were
calculated for control and isolate target items to reflect the
proportion of targets output at each serial position (1–12) for
each participant. In order to calculate the output positions for
control and isolate targets, participants needed to have recalled
at least one of each type of item. Under full attention, five
participants failed to recall at least one of a given type of
target, and thus were excluded from the analyses. Then t tests
were performed on the remaining 31 participants to determine
whether the proportion of items output at each of the first two
positions differed for control versus isolate targets. As had
been found in Fabiani and Donchin (1995), evidence indicated
that semantic isolates were more likely than controls to be
output early in the list (see Fig. 3). Specifically, a significantly
greater proportion of semantic isolates than of controls were
recalled in the first output position [semantic M = .16 vs.
controlM = .06, t(30) = 2.079, p < .05, d = 0.47].We observed
a similar trend at the second position, though the difference
was not statistically significant [semantic M = .13 vs. control
M = .08, t(30) = 1.006, p = .16].

Next we examined output order for the divided-
attention condition. The analyses were restricted to the
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21 participants who recalled at least one isolate and one
target control item. Unlike in the full-attention condition,
semantic isolates were not recalled earlier than controls.
The proportion of semantic isolates output in the first
position was identical to that of controls (Ms = .12 for
both), and no significant difference was apparent in the
second position (semantic M = .17 vs. control M = .14),
t(20) = 0.366, p = .72.

Discussion

As expected, an isolation effect was obtained for semantic
isolates under full attention, but the effect was eliminated

under divided attention. These findings are in accordance
with our predictions that attention is required during
encoding for semantic isolation effects to be obtained.
Under full attention, semantic isolates were more likely
to be output at early positions during recall than were
controls. This difference in output order was not apparent
under divided attention. These results are consistent with
the output order analyses reported in Fabiani and Donchin
(1995), in which semantic isolates were output very early
in recall, though Fabiani and Donchin did not compare the
output orders of isolates versus control items or include a
divided-attention condition. Together, these results dem-
onstrate that when a semantic isolate is fully processed,

Exp. 1

Exp. 2

Exp. 3

Full Attention Divided Attention

Serial Position

Fig. 1 Mean proportion recall as a function of list type and attentional
condition. Full attention is shown on the left, and divided attention on the
right. The isolated items occurred in the 7th serial position. Participants
viewed control lists (containing words from a single category). In

addition, they viewed either semantic isolate lists (Exp. 1), physical
isolate lists (Exp. 2), or both (Exp. 3). Error bars represent standard
errors of the means
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differences are seen both in the likelihood of recall and in
the manner in which the item is output. On the other hand,
when a semantic isolate cannot be processed fully (i.e.,
under divided attention), there is no advantage in recall of
the isolate, and the isolate is not output differently at
recall. This pattern of results supports explanations of
the isolation effect that include the requirement for con-
ceptual processing (e.g., Geraci & Rajaram, 2002; Hunt &
Lamb, 2001). If physical isolation effects are mediated by
perceptual processing, which is relatively automatic in
nature, then dividing attention should have little or no
impact on the physical isolation effect. To that end, the
purpose of Experiment 2 was to examine the effect of
divided attention on the physical isolation effect.

Experiment 2

Method

Participants A total of 36 undergraduates (mean age 20
years, age range 18–26) from The College of New Jersey
participated in the present experiment to partially satisfy a
course requirement. All of the participants were native
speakers of American English, and none had participated in
Experiment 1.

Materials The items consisted of the 40 categorized lists from
Experiment 1, with the exception that all of the items in each list
were from the same category. Twenty of the 40 lists were

Fig. 2 Mean proportion recall of isolate and control target items in the 7th serial position as a function of attentional condition. Error bars represent
standard errors of the means
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randomly selected for each participant, and the words in each
list were presented in a random order. Half of the lists were
control lists, with items presented in a black font against a white
background. The other half of the lists were isolate lists, in
which the 7th item in each list was presented in red font.
Unl ike in Exper iment 1, there was no need for
counterbalancing, because the lists were randomly selected
and the items in each list were in a random order; thus, the
control and isolate target items in the 7th position were
completely randomized for each participant.

Design and procedure The design and procedure were iden-
tical to those of Experiment 1.

Results

Overall recall As in Experiment 1, the proportion of items
recalled from each list was analyzed with a 2 (List Type:

isolate, control) × 2 (Attention: full, divided) × 12 (serial po-
sition: 1–12) ANOVA. The overall recall of isolate lists (M =
.48) did not differ significantly from that of control lists (M =
.48), with no main effect of list type [F(1, 35) = 1.021,MSE =
0.043, p = .319, ηp

2 = .028].More list items were recalled with
full attention (M = .59) than with divided attention (M = .36),
yielding a significant main effect of attention [F(1, 35) =
282.074, MSE = 0.127, p < .001, ηp

2 = .890]. The reduction
in performance under divided attention was greater for early
than for late serial positions, resulting in a significant interac-
tion between attention and serial position [F(11, 385) = 2.241,
MSE = 0.077, p < .05, ηp

2 = .060]. Typical primacy and re-
cency effects were obtained, resulting in a significant main
effect of serial position [F(11, 385) = 29.657, MSE = 0.090,
p < .001, ηp

2 = .459]. A significant isolation effect, in which
isolated items are recalled better than control items in Position
7 (isolates M = .60 vs. controls M = .39), can be seen in the
significant interaction between list type and serial position

Exp. 1

Exp. 2

Exp. 3

Full Attention Divided Attention

Output Position

Fig. 3 Mean proportions of items output at each output position. Results
are shown for target items originally presented in the 7th serial position.
Full attention is shown on the left, and divided attention on the right. The

target items consisted of control words and either semantic isolates (Exp.
1), physical isolates (Exp. 2), or both (Exp. 3). Error bars represent
standard errors of the means
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[F(11, 385) = 4.354, MSE = 0.062, p < .001, ηp
2 = .111].

The control lists and isolate lists were similarly impacted
by the attention manipulation, resulting in the lack of a
significant interaction between list type and attention
[F(1, 35) = 1.510, MSE = 0.058, p = .227, ηp

2 = .041].
As can be seen in Fig. 1, the isolation effect was similar
under full attention (7th position isolates M = .69 vs. 7th
position controls M = .47) and divided attention (7th posi-
tion isolates M = .51 vs. 7th position controls M = .31);
thus, the three-way interaction between list type, attention,
and serial position was not significant (F < 1).

Recall of target items The results were consistent with the
predictions that (1) a physical isolation effect would be
demonstrated under full attention and (2) dividing attention
would fail to eliminate the physical isolation effect. As in
Experiment 1, the proportions correct for target items in
Position 7 were analyzed with a 2 (Item: isolate, control)
× 2 (Attention: full, divided) ANOVA. A greater propor-
tion of items were recalled under full attention (M = .58)
than under divided attention (M = .41), yielding a main
effect of attention [F(1, 35) = 19.75, MSE = 26.69, p <
.001, ηp

2 = .361]. The isolation effect was obtained, in
which isolates were recalled better than controls (M = .60
vs.M = .39), yielding a main effect of item type [F(1, 35) =
36.10,MSE = 1.11, p < .001, ηp

2 = .508]. As can be seen in
Fig. 2, the recall advantage for isolates over controls did
not differ significantly for full attention (M = .69 vs. M =
.47) versus divided attention (M = .51 vs.M = .31), with no
significant interaction between attention and item type
[F(1, 35) = 0.02, MSE = 1.49, p = .89].

Output order The output positions were calculated for con-
trol and isolate target items in the same manner as in
Experiment 1. In the full-attention condition, we restricted
our analyses to include participants who recalled at least one
isolate and one control target item (32 out of 36 participants).
As predicted, the output orders were more similar for physical
isolates and controls (see Fig. 3) than in Experiment 1, in
which semantic isolates were recalled earlier than controls.
Our t tests revealed no significant difference between physical
isolates and controls in the proportions of items output at the
first and second output positions [first position: physical M =
.11 vs. controlM = .06, t(31) = 1.126, p = .27; second position:
physical M = .13 vs. control M = .08, t(31) = 1.044, p = .31].

Under divided attention, we analyzed the 28 participants
who recalled at least one of each type of item. As in the full-
attention condition, physical isolates were not output signifi-
cantly more often than controls in the first position [physical
M = .15 vs. controlM = .09, t(27) = 1.470, p = .15]. However,
physical isolates were significantly less likely than controls to
be output in the second position [physicalM = .18 vs. control
M = .34, t(27) = 2.151, p < .05].

Discussion

As expected, an isolation effect was obtained for physical
isolates, and the effect sizes were equivalent under full and
divided attention. The lack of an effect of divided attention on
the physical isolation effect differs from the results in
Experiment 1, in which divided attention eliminated the se-
mantic isolation effect. These differential effects of divided
attention suggest that the processing required to obtain a phys-
ical isolation effect is less effortful and more automatic than
that required to obtain a semantic isolation effect. Experiments
1 and 2 also differed in the impacts of the isolate manipulation
on output order. Specifically, in the full-attention condition,
semantic isolates were recalled at earlier output positions than
controls in Experiment 1, whereas physical isolates and con-
trols did not significantly differ in their output positions in
Experiment 2.

The different patterns of results in Experiments 1 and 2 are
consistent with the idea that semantic isolation effects require
more attentional resources than physical isolation effects.
When participants are able to fully process semantic isolates,
they are both recalled better and output earlier than control
items. Conversely, when attention is divided, both the differ-
ences in recall and output order disappear. Physical isolation
effects, on the other hand, appear to be more automatic in
nature and are unaffected by dividing attention.

Although the data suggest that the physical isolation effect
was not impacted by dividing attention, a closer inspection of
recall of the control targets lends an alternative interpretation.
Specifically, divided attention had a small impact on recall of
the control items in Experiment 1 (performance declined from
.40 to .35 mean proportion recall) and a larger impact on recall
of the control items in Experiment 2 (performance declined
from .47 to .31 mean proportion recall). Thus, the differences
in the isolation effect across the two experiments may lie in the
effects of divided attention on the control items rather than on
the isolated items. Having each participant view control lists
as well as both types of isolate lists would eliminate the dif-
ferences in recall of the control targets. If divided attention
continued to impact the two types of isolation effects differ-
ently, this would provide further evidence for the conclusion
that the necessary processing for semantic and physical isola-
tion effects differs. To that end, a third experiment was con-
ducted in which the type of isolate was manipulated as a
within-subjects variable.

Experiment 3

The purpose of Experiment 3 was to determine whether the
results of Experiments 1 and 2 could be replicated with a
within-subjects design. Thus, participants viewed both types
of isolates (semantic and physical) across trials.
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Method

Participants A total of 48 undergraduates (mean age 20
years, age range 18–26) from The College of New Jersey
participated in the present experiment to partially satisfy a
course requirement. All of the participants were native
speakers of American English, and none had participated in
Experiment 1 or 2.

Materials The same 40 categories from Experiments 1 and 2
were used, along with eight additional categories from the
same source (Van Overschelde et al., 2004), yielding a total
of 48 categories. Again, 12 items were chosen from each
category to create categorized word lists. Six versions of the
stimuli were created, such that the target items appeared equal-
ly often as controls, semantic isolates, and physical isolates
under full attention and controls, semantic isolates, and phys-
ical isolates under divided attention. The semantic isolate lists
and physical isolate lists were constructed in the same manner
as in Experiments 1 and 2, respectively. The set of lists viewed
by a given participant in the present experiment differed from
those of Experiments 1 and 2 in that participants viewed both
types of isolate lists (semantic and physical) rather than only
one type of isolate list.

Design and procedure The design differed slightly from that
of Experiments 1 and 2 due to the presence of two types of
isolate lists, rather than only one. Thus, a 2 (Type of Attention:
full, divided) × 3 (Type of List: semantic isolate, physical
isolate, control) within-subjects design was used. A total of
24 trials were presented, with four trials in each of the six
conditions (full-attention control, full-attention semantic iso-
late, full-attention physical isolate; divided-attention control,
divided-attention semantic isolate, and divided-attention
physical isolate). There were no other differences in the design
or procedure.

Results

Overall recall As in Experiments 1 and 2, the proportion of
items recalled from each list was analyzed with a 3 (List Type:
physical isolate, semantic isolate, control) × 2 (Attention: full,
divided) × 12 (Serial Position: 1–12) ANOVA. Overall recall
of the three isolate lists was similar (M = .51 control lists,M =
.50 physical isolate lists, M = .51 semantic isolate lists), with
no main effect of list type [F(2, 94) = 1.128,MSE = 0.046, p =
.328, ηp

2 = .023]. Recall was worse under divided attention (M
= .39) than under full attention (M = .63), yielding a significant
main effect of attention [F(1, 47) = 321.965,MSE = 0.154, p <
.001, ηp

2 = .873]. Dividing attention impaired earlier serial
positions to a greater degree than later serial positions, yield-
ing a significant interaction between attention and serial posi-
tion [F(11, 517) = 5.008,MSE = 0.059, p < .001, ηp

2 = .096].

Dividing attention similarly impaired all list types, with no
significant interaction between attention and list type [F(2,
94) = 2.173, MSE = 0.043, p = .120, ηp

2 = .044]. Typical
primacy and recency effects, as well as higher recall in
Position 7 (the location of the isolate), resulted in a significant
main effect of serial position [F(11, 517) = 49.062, MSE =
0.075, p < .001, ηp

2 = .511]. As can be seen in Fig. 1, the
isolation effect can also be observed in the significant interac-
tion between list type and serial position, in which Position 7
had higher recall in isolate lists than in control lists [F(22,
1034) = 4.768, MSE = 0.052, p < .001, ηp

2 = .092]. The
three-way interaction between list type, serial position, and
attention was not significant [F(22, 1034) = 1.317, MSE =
0.057, p = .149, ηp

2 = .027)

Recall of target items The results replicated those of
Experiments 1 and 2, and were consistent with the predictions
that (1) both physical and semantic isolation effects would be
demonstrated under full attention, (2) dividing attention would
eliminate the semantic isolation effect, and (3) dividing atten-
tion would fail to eliminate the physical isolation effect.

In order to more closely analyze the presence or absence of
the isolation effects in the different conditions, the proportions
correct for target items in Position 7 were analyzed with a 3
(Item Type: physical isolate, semantic isolate, control) × 2
(Attention: full, divided) ANOVA. Items were recalled better
under full (M = .66) than under divided (M = .42) attention,
resulting in a significant main effect of attention [F(1, 47) =
74.93, MSE = 0.056, p < .001, ηp

2 = .615]. As can be seen in
Fig. 2, a physical isolation effect was obtained, in which phys-
ical isolates (M = .70) were recalled better than control items
(M = .44), yielding a significant main effect of item type [F(2,
94) = 39.99,MSE = 0.046, p < .001, ηp

2 = .460]. Although the
semantic isolation effect was minimal when performance was
collapsed across full and divided attention (M = .47 semantic
vs. M = .44 control), semantic isolates were recalled better
than controls under full attention (M = .65 semantic vs. M =
.56 control); semantic isolation effects, however, were not
obtained under divided attention (M = .28 semantic vs. M =
.32 control). Unlike the semantic isolation effect, the physical
isolation effect was apparent under both full attention (M = .76
physical vs. M = .56 control) and divided attention (M = .64
physical vs.M = .32 control). This difference in the impacts of
divided attention on semantic and physical isolation effects
resulted in a significant interaction between item type and
attention [F(2, 94) = 5.063, MSE = 0.071, p < .01, ηp

2 =
.097]. A series of paired-samples t tests confirmed that the
physical isolation effect was significant under both full atten-
tion [t(47) = 3.653, p < .01, d = 0.71] and divided attention
[t(47) = 7.730, p < .001, d = 1.45]. Conversely, the semantic
isolation effect was marginally significant under full attention
[t(47) = 1.555, p = .06, d = 0.32], but absent under divided
attention [t(47) = 0.828, p = .21]. The failure to obtain an
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isolation effect under divided attention does not appear to
have been due to a lack of power, because semantic isolates
were recalled slightly worse than controls under divided
attention.

Output order The output positions were calculated and ana-
lyzed in the same fashion as in Experiments 1 and 2, with 41
out of 48 participants meeting the requirement that at least one
of each target type was recalled under full attention. Although
the general pattern was similar to those of Experiments 1 and 2
(see Fig. 3), participants rarely output control targets in the
first position, resulting in both semantic and physical isolates
being significantly more likely to be output first than were
control items [semantic M = .22 vs. control M = .01, t(40) =
3.845, p < .001, d = 0.86; physicalM = .11 vs. controlM = .01,
t(40) = 2.863, p < .01, d = 0.64]. Consistent with Experiments
1 and 2, the early output of isolates was more pronounced for
semantic than for physical isolates, with semantic isolates be-
ing significantly more likely than physical isolates to be out-
put first [t(40) = 2.136, p < .05, d = 0.37]. The findings for the
second output position were also consistent with those from
the previous experiments, in that semantic isolates were sig-
nificantly more likely to be output than control items [seman-
tic M = .12 vs. control M = .04, t(40) = 1.776, p < .05, d =
0.42], whereas physical isolates were not [physicalM = .10 vs.
control M = .04, t(40) = 1.502, p = .63].

The divided-attention analyses were restricted to the 31
participants who recalled at least one of each target item. As
in the previous experiments, t tests on the first two output
positions showed that significant differences in output orders
were eliminated for semantic isolates relative to controls, and
continued to be absent for physical isolates relative to controls
(all ps > .05). The output order differences between semantic
and physical isolates that were found under full attention were
also eliminated under divided attention (all ps > .05).

Discussion

The purpose of Experiment 3 was to confirm that the pattern
of results found in Experiments 1 and 2 would be replicated
when the type of isolate (physical vs. semantic) was manipu-
lated within subjects rather than across experiments. The re-
sults of Experiment 3 replicated those of Experiments 1 and 2.
First, participants demonstrated both semantic and physical
isolation effects under full attention. Second, dividing atten-
tion eliminated the semantic isolation effect, but did not im-
pact the physical isolation effect. Finally, analyses of output
order suggested that, under full attention, participants tended
to output semantic isolates earlier than control or physical
isolates during recall. This difference disappeared, along with
the semantic isolation effect, under divided attention. Thus,
the results of Experiment 3 are consistent with the prediction
that semantic isolates require more attentional resources than

physical isolates, in that dividing attention eliminates the se-
mantic isolation effect, but not the physical isolation effect.

General discussion

As predicted, isolation effects were obtained under full atten-
tion in all three experiments. This is consistent with a large
body of research in which items that differed from the sur-
rounding context were recalled better than items that were
consistent with the surrounding context (for reviews, see
Hunt, 1995; Kelley & Nairne, 2001). Isolation effects were
obtained under full attention for both semantic isolates (Exps.
1 and 3) and physical isolates (Exps. 2 and 3), replicating
earlier findings in which both types of manipulations resulted
in significant isolation effects. The present experiments in-
cluded a divided-attention condition to determine whether re-
ducing the available processing resources at encoding would
decrease the isolation effects. It was predicted that a greater
amount of attentional resources would be necessary for se-
mantic isolation effects than for physical isolation effects.
The results supported these predictions, in that dividing atten-
tion eliminated the semantic isolation effect, but not did im-
pact the physical isolation effect.

The elimination of the semantic isolation effect under di-
vided attention (Exps. 1 and 3) is consistent with Hunt and
Lamb (2001), in that there appears to be a requirement for
conceptual processing of the semantic isolate. The present
study did not address whether this conceptual processing
comes in the form of encoding similarities and differences,
as was proposed by Hunt and Lamb. However, the findings
support the requirement for some type of effortful processing
that demands attention in order to obtain an isolation effect.
This result is also consistent with Geraci and Rajaram’s (2002)
argument that all distinctiveness effects require effortful, con-
ceptual processing.

The finding of an apparent processing requirement for a
semantic isolation effect in the present study is also consistent
with the literature on isolation effects with incidental learning
(for reviews, see Hunt & Lamb, 2001; Wallace, 1965).
Specifically, many studies have failed to demonstrate an iso-
lation effect under conditions of incidental learning (e.g.,
Koyanagi, 1957; cf. Postman & Phillips, 1954; Saltzman &
Carterette, 1959; Saul & Osgood, 1950; Wallace, 1965). For
example, Postman and Phillips instructed participants in the
incidental-learning condition to read aloud the list items (syl-
lables or numbers) to other participants, who were instructed
to learn the list (intentional). Although the incidental and in-
tentional learners performed similarly in the recall test, only
the intentional group demonstrated significant isolation ef-
fects. Postman and Phillips argued that the effect is only ob-
tained when the orienting task is relevant for the dimension on
which the isolated item differs from the surrounding items.
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Such findings support the idea that isolation effects will only
be obtained with certain types of processing.

The results of Experiments 2 and 3, on the other hand, in
which the physical isolation effect was not impacted by divid-
ed attention, argue against this idea. Divided attention signif-
icantly lowered overall performance, demonstrating that the
processing resources available at encoding were reduced. The
benefit of the isolate at recall, however, was not reduced. This
demonstrates that the physical isolation effect can be readily
obtained with minimal attentional resources during encoding.
Given that participants are less able to engage in effortful
processing under conditions of divided attention, yet the phys-
ical isolation effect is not reduced, the results suggest that
attention is not required (or is minimally required) in order
to encode the relevant features that result in a physical isola-
tion effect. Such findings mirror those of Gounden and
Nicolas (2012), in which orthographic distinctiveness effects
were maintained under divided attention and under faster pre-
sentation rates; they argued that these effects rely on percep-
tual rather than conceptual processing.

Differences in output orders were also obtained across the
three experiments. Under full attention, semantic isolates were
output early in recall more often than were either controls
(Exps. 1 and 3) or physical isolates (Exp. 3). These findings
suggest that the semantic isolate was processed in a concep-
tual manner that resulted in both output order differences and a
recall advantage relative to control items. Fabiani and
Donchin (1995) argued that semantic isolates are placed in a
different category in memory. The relationship between the
semantic isolation effect and the presence of output order dif-
ferences supports this argument, in that the conceptual pro-
cessing of a semantic isolate would result in both an advantage
for the item at recall and separate output of the item during
recall. Unlike semantic isolates, physical isolates differ from
the surrounding items in a perceptual manner, but they are still
part of the dominant category. The lack of a difference in
output order for physical isolates versus controls in
Experiment 2 and the reduced output order differences in
Experiment 3 of the present study support this distinction.

One limitation of the present study is that secondary-task
performance was not measured. Thus, we cannot ensure that
attention was divided equally across all list items in all types
of lists. Although the secondary task of counting backward by
ones was relatively easy and participants appeared to be
speaking continuously, it is possible that they devoted fewer
of their attentional resources to the secondary task for certain
items, such as physical isolates. Future studies should exam-
ine secondary task performance to determine whether it is
equivalent for both isolates and controls.

Some research has suggested that the distinctive nature of
an isolate may not be realized and processed immediately.
Instead, the salience of an early isolated item may unfold
during the course of a list as the context becomes

established. Dunlosky et al. (2000) found that isolates present-
ed in the second position in a list were not perceived as salient,
and that increased salience judgments for isolated items only
occurred for isolates presented later in the list. This supports
the idea that participants would not be immediately aware of
an item’s distinctiveness when it is presented early in the list.
Geraci and Manzano (2010), however, asked participants to
make salience judgments after a delay (i.e., the salience judg-
ment for an item was not made until two additional list items
had been presented). They demonstrated higher salience rat-
ings for both early and late isolates when the judgment was
made after a delay. This suggests that the distinctive process-
ing that occurs for isolated items may not occur at the moment
the isolate is presented, but instead may occur later in the
course of the presentation of the list, after the context has
become established.

When participants are presented with categorized lists
across trials, it is reasonable to assume that they would learn
to anticipate that each list would have a category (perhaps with
an additional item from a different category). Hunt and Lamb
(2001) stated that participants Bspontaneously encode^ the
categories of list items, including the category of the isolate
(p. 1361). Given that a category is encoded for a single isolate,
it is plausible that the category of the list would be partially
activated as soon as the first itemwas presented. Thus, placing
the isolate in the first position would be a stronger test of
whether isolation effects can be obtained prior to establishing
a context. If the processing required to achieve an isolation
effect is more attention-demanding for semantic than for phys-
ical isolates, then semantic isolation effects might be less like-
ly than physical isolation effects to occur in the first position.
Although isolation effects have been obtained in the first po-
sition, such research has been limited to two studies in which
the isolate was physically distinctive. Bone and Goulet (1968)
manipulated font color, and Kelley and Nairne (2001) manip-
ulated font size (Exps. 1 and 2; but see their Exp. 4, in which
isolation and generation manipulations were combined).
Thus, it is unknownwhether isolation effects would be obtain-
ed if a semantic isolate were presented first in the list.

Unlike many other explanations of the isolation effect,
Fabiani and Donchin (1995) acknowledged that distinctive-
ness effects might occur as a result of several different types
of processing, which depends on the nature of the distinctive-
ness. They argued that theoretical explanations overgeneralize
about the processing required to obtain a benefit for distinctive
information, and that researchers should not generalize about
processing requirements from one type of experimental para-
digm (e.g., the benefit in recall of final words in a sentence) to
another paradigm (e.g., the isolation effect). The results of
the present study suggest that this claim can be taken fur-
ther, to argue that it is unwarranted to generalize about the
processing requirements from one type of isolation effect
(e.g., semantic) to another (e.g., physical). Certain
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isolation effects appear to depend on processing that is
relatively automatic in nature, whereas other isolation ef-
fects require greater attentional resources during encoding.
Although previous research has refuted the theory that dif-
ferential attention is given to isolates relative to controls
(see Dunlosky et al., 2000), our study suggests that atten-
tional demands exist for isolation effects during encoding,
and these demands depend on the nature of the distinctive-
ness. Further research will be needed to determine whether
these results can be replicated with other manipulations of
semantic and physical isolation effects or with other meth-
odologies. It is also unknown whether the processing at
retrieval that results in isolation effects is attention-
demanding or occurs automatically. Future studies could
divide attention during the retrieval phase to determine
the necessity of attention.
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