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In immediate serial recall, it is well established that
long-term memory factors, such as lexicality, word fre-
quency, and semantic similarity, contribute to performance
(see, e.g., Hulme, Maughan, & Brown, 1991; Multhaup,
Balota, & Cowan, 1996; Murdock, 1976; Poirier & Saint-
Aubin, 1995; Stuart & Hulme, 2000). To account for these
effects, a reconstruction hypothesis is often put forward
(see, e.g., Hulme et al., 1991; Saint-Aubin & Poirier,
1999, 2000; Schweickert, 1993). This hypothesis can ac-
count for the effects of most, if not all, long-term mem-
ory factors recently investigated in this field by suggest-
ing that long-term knowledge of the to-be-remembered
items is called upon at retrieval. However, as of yet, in the
context of the reconstruction hypothesis, the nature of
the set of items called upon at recall has not been clearly
defined. The aim of the present study was to investigate
this question by taking advantage of the semantic simi-
larity effect. Because of the trial-by-trial analysis that we
pursued, the data set is also of interest in terms of con-
straining models accounting for performance in short-
term memory tasks.

The reconstruction hypothesis can be described as fol-
lows. At recall, phonological representations set up by

list presentation are thought to be degraded and undergo
a reconstruction process calling upon long-term knowl-
edge of the to-be-remembered items. Broadly put, long-
term knowledge of the language would be called upon to
fill in the gaps left by degradation. Typical short-term
memory factors, such as word length and articulatory
suppression, are thought to influence the amount of degra-
dation (Neath & Nairne, 1995; Saint-Aubin & Poirier,
2000). On the other hand, long-term memory factors are
thought to influence the accessibility of the recall candi-
dates (Saint-Aubin & Poirier, 1999, 2000; Schweickert,
1993; Stuart & Hulme, 2000).

Although the reconstruction hypothesis has been suc-
cessful in accounting for the influence of long-term mem-
ory factors on immediate serial recall performance, in
most versions of the hypothesis the memory search set
called upon at retrieval has not been clearly defined. In
fact, Brown and Hulme (1995) argued that within the re-
construction hypothesis there is an “absence of any spec-
ification of the ‘vocabulary’ [quotation marks in the orig-
inal] used during the redintegration process. Are partially
decayed traces compared to every possible vocabulary
item? To every item that has been used in the experimen-
tal situation?” (p. 600). Multhaup et al. (1996) suggested
that the reconstruction hypothesis “does assume that when
subjects perform a word span task, they restrict their
search of long-term memory information to the items on
the to-be-remembered list” (p. 114). Similarly, in the first
version of the feature model, Nairne (1990) suggested that
the secondary memory vector used for  reconstruction
was limited to the presented items within a list.
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In immediate serial recall, items are better recalled when they are all drawn from the same seman-
tic category. This is usually accounted for by a two-stage retrieval-based framework, in which, at re-
call, long-term knowledge is used to reconstruct degraded phonological traces. The category shared
by list items would serve as an additional retrieval cue restricting the number of recall candidates. Usu-
ally, the long-term search set is not defined, but some authors have suggested an extended search set
and others a restricted set that is composed of the most recently presented items. This was tested in
an experiment in which participants undertook an immediate serial recall task either alone or under
articulatory suppression with either semantically similar or dissimilar lists. A trial-by-trial analysis re-
vealed that, in both quiet and suppression conditions, items from similar lists were better recalled on
all the trials, including the first one. In addition, there was no interaction between semantic similarity
and trial, indicating that the effect of similarity was of similar size on all the trials. The results are best
interpreted within a proposal suggesting an extended long-term search set.
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This suggestion seems unlikely for a number of rea-
sons. For example, although this is relatively infrequent,
participants do sometimes recall a word presented on a
previous trial or from outside the experimental situation
(see, e.g., Saint-Aubin & Poirier, in press; Stuart & Hulme,
2000). Furthermore, intrusions from previous trials ap-
pear to obey a number of rules and, as such, could not be
due to a simple guessing strategy (see, e.g., Estes, 1991;
Tehan & Humphreys, 1995; Tolan & Tehan, 1999).

An alternative is to argue that the memory search set
is composed of recently presented items. For instance,
Hulme, Stuart, Brown, and Morin (2003) “assume that
following list presentation a strictly limited set of items
(consisting of the items presented on that trial, plus per-
haps some of the items presented on other recent trials)
is available in a retrievable state” (p. 514). Neath (1994;
Neath & Nairne, 1995) goes even further by suggesting
a modification to the feature model. According to this
modification, the search is not restricted to the items pre-
sented on the current trial—as in the original version of
the feature model—or to the items presented on recent
trials. More precisely, it is suggested that participants
make inferences about plausible recall candidates. If, on
one trial, items are all vegetable names, all kinds of veg-
etables are potential recall candidates. Otherwise, the
search set could be larger. Neath reported simulations in
which the size of the memory search set was manipu-
lated to reflect the participant’s ability to make infer-
ences about plausible candidates. Recall performance
varied as a function of memory search set size.

Semantic similarity is a well-suited factor for investi-
gating the memory search set called upon at recall. It is
usually assumed that the semantic category shared by list
items in a semantically similar list could be used as an
additional retrieval cue, which restricts the number of re-
call candidates (see, e.g., Crowder, 1979; Neath, 1994;
Poirier & Saint-Aubin, 1995; Saint-Aubin & Poirier,
1999). In support of this view, Roodenrys and Quinlan
(2000) showed that repeating the same items on every
trial (in a different order) produced better performance
than did using different items on every trial. They sug-
gested that the repeated presentation of the words from
the closed set condition resulted in the priming of their
representations in long-term memory, giving these words
an advantage during redintegration. In effect, it can be
argued that the repeated presentation of a small set of
words within a specific experimental context creates an
ad hoc category that, in the words of Roodenrys and
Quinlan, “reduces the number of words that will play a
part in the competition during the reconstructive pro-
cess” (p. 77; see also Saint-Aubin & Poirier, in press). It
is worth mentioning that we are not suggesting that se-
mantic similarity is the only factor that could restrict the
search set. For instance, the search set could also be re-
stricted by other factors, such as temporal information,
perhaps along the lines suggested by the temporal dis-
tinctiveness hypothesis (e.g., Neath & Crowder, 1990).

If, as has been assumed by Hulme et al. (2003), the
memory search set is composed of recently presented

items, a certain number of predictions can be made. More
specifically, for lists of items from different categories,
on the first trial, the search set would be smaller than on
subsequent trials. Consequently, we would expect per-
formance to decline over trials for the dissimilar condi-
tion. However, for semantically similar lists, perfor-
mance should not be as adversely affected. This would
happen because items from recent trials would automat-
ically be discarded from the search set on the basis of
category membership. Consequently, this conception of
the memory search set predicts an interaction between
semantic similarity and trial order: Semantic similarity
effects should be smaller on the first trial than on subse-
quent trials.

With regard to the similarity effect on the first trial, it
can be hypothesized that semantically similar and dis-
similar lists should be recalled to the same level. This
would be the case if it is assumed that semantic similar-
ity provides an additional retrieval cue that restricts the
memory search set. Because the memory search set would
already be limited to items presented on the current trial,
the additional retrieval cue provided by category mem-
bership would be superfluous.

On the other hand, if it is assumed that the memory
search set is not restricted to the most recently presented
items—as is the case in the latest version of the feature
model—then semantically similar lists should be better
recalled than dissimilar lists on all the trials, including
the first (Neath, 1994; Neath & Nairne, 1995). In addi-
tion, performance should remain roughly the same across
trials for both similar and dissimilar lists.

Finally, it could be argued that set size effects could be
masked by the high quality of phonological representa-
tions in a standard immediate serial recall task. More
precisely, in a series of studies in which various short-term
ordered recall tasks were used, Tehan and Humphreys
(1995; Tolan & Tehan, 1999) demonstrated proactive in-
terference effects when phonological codes were not
present, degraded, or nondiscriminatory. In the work re-
ported here, an articulatory suppression condition was
included in order to test the hypothesis that the influence
of the set size or of proactive interference would be re-
stricted to situations in which phonological representations
are less useful. If proactive interference occurs only when
phonological representations are degraded, performance
should be roughly constant across trials for both similar
and dissimilar lists under a quiet condition. However,
under suppression, because phonological representations
are degraded, there should be proactive interference for
dissimilar lists. Similar lists should be immune from
proactive interference because the semantic category
shared by all the list items changes from trial to trial.

METHOD

Participants
A total of 252 unpaid undergraduate students from the Université

de Moncton (183 women and 69 men) volunteered to participate in
this experiment. All were native French speakers.
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Materials
All the stimuli were presented in French. Fourteen semantically

similar lists were assembled. Each list comprised 7 words drawn
from the same semantic category (e.g., sports, vegetables, or trees),
with most words having two syllables. From this pool of 98 words
(14 lists of 7 words each), 14 dissimilar lists were assembled by
sampling words without replacement. Therefore, each word was
used once in a semantically similar list and once in a semantically
dissimilar list. The following constraints were applied to the con-
struction of the dissimilar lists. First, each word in a dissimilar list
had to come from a distinct semantic category. Second, each dis-
similar list was yoked to a similar list, so that both lists were equiv-
alent in terms of word length and frequency. Third, dissimilar lists
were assembled in such a way that each of the 7 words from a sim-
ilar list was assigned to a different serial position in the dissimilar
lists. For example, across the 7 dissimilar lists in which there was a
vegetable name, there was a vegetable name in the first serial position
in one dissimilar list, in the second serial position in another list, in
the third in another one, and so on. In addition, in both similar and
dissimilar lists, care was taken to avoid phonological similarity by
not including words that rhymed or shared the first syllable.

Design and Procedure
There were two between-subjects factors: semantic similarity

(similar vs. dissimilar) and viewing condition (quiet vs. suppres-
sion). There were 70 participants in each semantic similarity condi-
tion under the quiet condition and 56 per similarity condition under
suppression. Within each of the four conditions, presentation order
of the lists was counterbalanced with a Latin-square design. Conse-
quently, across participants, a given list was presented equally often
at each of the 14 possible trial positions. There was no practice trial.

The participants were tested individually within one session lasting
about 30 min. They sat in front of a computer, about 50 cm from the
screen. The participants self-initiated a trial by pressing the space bar.
Each trial began with the warning prompt “Attention!” (1,500 msec
on, 500 msec off). Seven words were then presented sequentially, in
standard lowercase lettering (1,500 msec on, 500 msec off). After the
last word, a row of asterisks was displayed as a recall prompt, re-
maining on the screen until the participant initiated the next trial.

Strict serial recall instructions were used. The participants were
told to write the items in their exact order of presentation, beginning
with the first one. They were instructed to leave a blank line if they
could not recall an item at a given serial position. They were also
warned not to backtrack to fill a blank. There was no time limit for
recall. The experimenter was present throughout to ensure compli-
ance with these instructions.

In the articulatory suppression condition, the participants con-
tinuously repeated aloud the word mathématiques, at a rhythm of
about three utterances every 2 sec. The participants began sup-
pressing as soon as they initiated a trial, and they continued until re-
call was completed.

RESULTS AND DISCUSSION

In order to allow comparison with previous studies,
the first set of analyses was based on data from all 14 tri-
als in each condition. These analyses included strict se-
rial scoring, as well as order error analyses. The second
set of analyses presented is a trial-by-trial analysis of
item information recall. In all analyses, the .05 level of
significance was adopted.

Global Analyses
Responses were first scored with a strict serial recall

criterion. Accordingly, words had to be recalled in their

exact presentation order to be considered correct. The
probability of correct recall as a function of serial posi-
tion, suppression, and similarity condition is shown in
Figure 1. This figure reveals a similarity advantage and
a suppression impairment. In addition, the effects of se-
mantic similarity and suppression seem larger on the
first positions. A 2 � 2 � 7 mixed design analysis of
variance (ANOVA) with semantic similarity and sup-
pression as between-subjects factors and serial position
as the repeated factor confirmed those trends, with a sig-
nificant main effect of semantic similarity [F(1,248) �
41.88, MSe � 0.0668], of suppression [F(1,248) � 292.28,
MSe � 0.0668], and of serial position [F(6,1488) �
753.76, MSe � 0.0193]. In addition, there were two signif-
icant interactions. The first one was between similarity
and serial position [F(6,1488) � 7.69, MSe � 0.0193].
Simple main effect tests revealed that the effect of similar-
ity was significant on the first four serial positions, but not
on the last three. There was also a significant interaction
between suppression and serial position [F(6,1488) �
47.05, MSe � 0.0193]. Simple main effect tests revealed

Figure 1. Mean probabilities of correct recall with a strict serial
recall criterion as a function of semantic similarity, articulatory
suppression, and serial position; error bars represent confidence
intervals at � � .05 for the between-subjects factors (similarity
and suppression), computed according to the method of Loftus
and Masson (1994).
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that the effect of suppression was significant on all ser-
ial positions but the last one.

The results with strict serial scoring are very similar to
those in previous studies in which there was a similarity
advantage under both quiet and suppression conditions, as
well as, in some cases, an interaction with serial positions—
with an advantage for similar lists restricted to or larger
on the first serial positions (Brooks & Watkins, 1990;
Crowder, 1979; Poirier & Saint-Aubin, 1995; Saint-Aubin
& Poirier, 1999). Because strict serial scoring factors in
item and order information and because semantic simi-
larity produces distinct effects on those two recall com-
ponents, error analyses are more important for shedding
light on the memory processes highlighted by semantic
similarity.

Proportions of order errors were then computed by di-
viding the number of presented items that were not recalled
at the appropriate serial position by the total number of
items correctly recalled, regardless of their recall position
accuracy. As is shown in Figure 2, proportions of order er-
rors are higher for similar than for dissimilar lists and for
the suppression than for the quiet condition. A 2 � 2
between-subjects ANOVA with similarity and suppression
as factors confirmed these trends, with significant main ef-
fects of semantic similarity [F(1,248) � 30.10, MSe �
0.0117] and of suppression [F(1,248) � 9.10, MSe �
0.0117]. The interaction did not reach significance.

The higher proportion of order errors under suppres-
sion is the standard finding in the field, and it could be
accounted for by most models involving an account for
short-term recall (see, e.g., Neath & Nairne, 1995; Saint-
Aubin & Poirier, 2000). On the other hand, the higher
proportion of order errors for semantically similar lists is
surprising. In effect, we previously argued that when
properly measured—as is the case here with the usage of
proportion of order errors—the proportion of order er-
rors should be equivalent for semantically similar and
dissimilar lists (Saint-Aubin & Poirier, 1999). A careful
examination of previous studies in which order errors
were properly measured and no similarity decrement was

found revealed that at the descriptive level, there was al-
most always a trend toward a higher proportion of order
errors for semantically similar items (Murdock, 1976;
Saint-Aubin & Poirier, 1999). Because of the very large
number of participants in the present study, the small
nonsignificant trend in previous studies was significant
here. The theoretical implications of this finding will be
discussed along with results of the trial-by-trial analysis.

Trial-by-Trial Analyses
For each condition and each trial, item information re-

call was analyzed as a function of trial order by comput-
ing the number of items correctly recalled with a free re-
call criterion, which was obtained by subtracting the
total number of item errors from the number of presented
items in a list—namely, 7. As is shown in Figure 3, on all
trials, including the first one, there was an advantage of
similar over dissimilar lists under both quiet and sup-
pression conditions. Similarly, on all trials, there was a
detrimental effect of articulatory suppression. Perfor-
mance was similar over the 14 trials, and there were no
systematic variations in the size of either the similarity
or the suppression effect over trials. The 2 � 2 � 14
mixed design ANOVA with similarity and suppression
as between-subjects factors and trial as the repeated fac-
tor confirmed those trends. There was a significant ef-
fect of similarity [F(1,248) � 175.19, MSe � 6.2491] of
suppression [F(1,248) � 405.22, MSe � 6.2491], and of
trial [F(13,3224) � 1.86, MSe � 1.0224]. Post hoc com-
parisons (Tukey’s HSD) revealed that the first trial was
better recalled than the third and the fourth. No other
pair of trials significantly differed. Because variations in
performance level across trials were minimal, did not show
a coherent trend, and did not interact with similarity, this
effect is not especially relevant from a theoretical view-
point and will not be further discussed. There was only
one significant interaction, between trial and suppression
[F(13,3224) � 1.96, MSe � 1.0224]. Simple main effect
tests indicated that the effect of suppression was signifi-
cant on all the trials. In addition, although the interaction
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Figure 2. Mean proportions of order errors as a function of semantic simi-
larity and articulatory suppression; error bars represent confidence intervals
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between similarity and trial did not reach significance,
given its theoretical importance, planned contrasts were
computed. Results revealed a significant advantage of
similar lists on all the trials, including the first one.

Results of the trial-by-trial analysis are critical for
evaluating hypotheses about the memory search set. The
superior recall performance of similar over dissimilar
lists on the first trial is difficult to account for by as-
suming that the memory search set is composed of re-
cently presented items and that semantic similarity has a
beneficial effect only by restricting the memory search
set. In addition, the similar recall performance across tri-
als for both similar and dissimilar lists and the fact that
the similarity effect is constant across trials are difficult
to account for by assuming that the memory search set is
composed of recently presented items or that proactive
interference is exerting a significant influence in imme-
diate serial recall (e.g., Hulme et al., 2003).

The lack of evidence for proactive interference effects
among dissimilar lists under both quiet and suppression
conditions calls for comment. Under quiet conditions, as
was mentioned in the introduction, participants do some-
times recall an item from previous trials. What is more,
these intrusions from previous trials obey certain rules.
For instance, when an item from trial n � 1 is recalled on
trial n, it is more likely to be recalled at the recall posi-
tion of trial n � 1 than at other positions (Estes, 1991).
This could be taken as evidence for proactive interfer-
ence. How could errors like these be reconciled with the
present results showing no performance decrement across
trials for dissimilar lists? Two points can be called upon
to explain this apparent contradiction. First, intrusions

from previous trials are very infrequent in immediate se-
rial recall. For instance, in the standard conditions in
Saint-Aubin and Poirier (in press), on average, there was
one intrusion from a previous trial every seven lists (see
Stuart & Hulme, 2000, for similar results). The latter in-
frequent intrusions are a form of proactive interference and
provide invaluable information for testing theories. How-
ever, contrary to what has been shown in other paradigms,
in immediate serial recall, proactive interference does not
seem to exert a large influence on recall performance.

As has been suggested by Tehan and Humphreys (1995;
Tolan & Tehan, 1999), the small magnitude of proactive
interference effects in immediate serial recall could be
due to the high quality of phonological representations.
In this context, proactive interference effects should be
much larger under suppression, because phonological
representations are degraded. However, even under sup-
pression, there was no indication of proactive interfer-
ence for dissimilar lists, because recall performance was
similar across trials. The discrepancy between our results
and those in Tehan and Humphreys is likely to be due to
methodological differences.1 In short, it seems that proac-
tive interference effects in short-term ordered recall
might be limited to situations in which at least two com-
petitors are activated by the retrieval cue, which is not
usually the case in immediate serial recall but is the case
in Tehan and Humphreys’s work.

On the other hand, the present results are compatible
both with a version of the reconstruction hypothesis sug-
gesting that a large memory search set is called upon at
recall (Hulme et al., 1991; Stuart & Hulme, 2000) and as
with the feature model (Neath, 1994; Neath & Nairne,

Figure 3. Mean probability of correct recall with a free recall criterion as a function of semantic
similarity, articulatory suppression, and trial; error bars represent confidence intervals at � � .05
for the between-subjects factors (similarity and suppression).
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1995). According to the reconstruction hypothesis, sim-
ilar lists would be better recalled than dissimilar lists be-
cause, at recall, the category shared by list items would
increase the probability of retrieving the appropriate
long-term representations, either because the category
would provide an additional retrieval cue (e.g., Crowder,
1979; Poirier & Saint-Aubin, 1995; Saint-Aubin & Poirier,
1999) or because long-term representations of similar
items would be more activated due to their long-term as-
sociative links (Hulme et al., 2003; Stuart & Hulme,
2000). This process would predict better item recall for
semantically similar lists on all trials, including the first
one. The lower recall under suppression would be attrib-
utable to the greater degradation of phonological traces.
Because phonological traces are viewed as the basic re-
trieval cues, their greater degradation would translate
into lower item recall (Saint-Aubin & Poirier, 1999, 2000).
According to the reconstruction hypothesis, there should
also have been an interaction between semantic similarity
and articulatory suppression. In short, because phono-
logical representations are more degraded under sup-
pression, the reconstruction process would have more
impact (see Schweickert, 1993, for a formal demonstra-
tion). Descriptive results are in line with those predic-
tions, with, on average, an advantage of 1.25 words re-
called per list for semantically similar over dissimilar
lists under suppression, which advantage was only 0.99
in the quiet condition. However, contrary to previous
studies, the interaction here did not reach significance
(Poirier & Saint-Aubin, 1995; Saint-Aubin & Poirier,
1999).

Finally, the higher proportion of order errors for similar
lists is not compatible with previous versions of the re-
construction hypothesis, assuming that the degraded rep-
resentations used as retrieval cues contain only phono-
logical representations (e.g., Saint-Aubin & Poirier, 1999).
However, if it is assumed that the degraded phonological
representations used as retrieval cues also contain a num-
ber of semantic features, it would be possible to account
for the small detrimental effect of semantic similarity on
order recall (see Neath & Nairne, 1995, and Tolan &
Tehan, 1999, for similar ideas). In this case, common se-
mantic features would hinder order recall by increasing
the similarity among the retrieval cues.

Almost without exception, interpretations of so-called
long-term memory factors on immediate memory call
upon some form of interaction between the more recent
representations associated with the current trial and the
representations that participants bring to the laboratory.
This is true of the various versions of the reconstruction
hypothesis, of the feature model, and of others. In many
cases, the assumption is that there is reconstruction or
retrieval of a recall candidate from long-term memory
based on a constellation of cues that reflect the charac-
teristics of the immediate memory trial. The data re-
ported here provide a first assessment of the nature of
the search set. Our results are entirely compatible with
the assumption that in the absence of some more restric-

tive cue, the set of competitors available for retrieval is
constrained only by the characteristics of the degraded
cue called upon to support retrieval.
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NOTE

1. It is worth noting that contrary to the present study, Tehan and
Humphreys’s (1995) standard procedure is not an immediate serial recall
task. Instead, a typical trial involves the presentation of two blocks of
four items, with a short pause between them. Both blocks are assembled
in order to maximize interference among them by placing, at the same
serial position within both blocks, a member of the same taxonomic or
phonological category. For instance, in Tolan and Tehan’s (1999) first
experiment, a high-dominant member of a category was placed in the

first (interference) block and a relatively weak member of the same cat-
egory was placed in the second block. Presentation was followed by a
retention interval, during which a secondary task was performed to de-
grade phonological representations. At recall, participants were asked
to recall either the first or the second block. Proactive interference was
evidenced when the second block was cued for recall and a word from
the first block was recalled. In the present study, the lack of proactive
interference effects even under suppression was likely due to the con-
struction of our lists, which—as it is usually the case in the field—was
not aimed at maximizing proactive interference.
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