
¦ 2024 Vol. 20 no. 1

Articulatory rehearsal and phonological storage in
working memory:

A replication of Longoni et al. (1993)

Camille Couture aB , Charles Veilleux a , Susana Chinhama a , Olivia Jacot de Boinod a , Britanny
Payment a , Tracy Husereau a & Élodie Ouellette a
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Abstract This study sought to replicate Longoni et al.’s (1993) investigation into the multiple sub-
systems within the phonological loop, originally proposed by Baddeley et al. (1984). To address the
replicability crisis in scientific research, this replication maintains similar methodologies but also
features amore diverse sample, characterized solely by advanced French proficiency and increased
participant numbers. In addition, this study examined various characteristics of the phonological
loop, including the phonemic similarity effect, word length effect, presentation conditions, artic-
ulatory suppression effect, and irrelevant sounds. However, the articulatory suppression effect,
word length effect, presentation speed effect, and delay effect did not replicate. Notably, an interac-
tion emerged betweenword length and phonemic similarity, indicating amultiplicative relationship
rather than an additive one. The present study emphasizes the importance of further exploration
into the factors that influence the non-replicated effects, including the discriminant validity of the
variables. Future studies could leverage insights from the phonological loop’s characteristics to en-
hance understanding of the working memory system.
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Introduction

Memory in its various forms plays a crucial role in the life
of human beings, whether for its adaptive role in the envi-
ronment (Bonin & Bugäıska, 2014), its facilitation of learn-
ing, or its involvement in information processing (Malm-
berg et al., 2019). Among them, short-term memory (STM;
Atkinson & Shiffrin, 1968), later renamedworkingmemory
(WM; Baddeley & Hitch, 1974), is known as the memory of
the present moment. Baddeley and Hitch’s (1974) model of
WM proposes a multi-component system, distinguishing it-
self from initial models suggesting a single component: 1)
the central executive, which is the attentional control cen-
ter, 2) the visuospatial sketchpad, which allows themainte-
nance of visual and spatial information, and 3) the phono-
logical loop, which enables the maintenance of verbal in-
formation. A. D. Baddeley (2000) adds a fourth component

to the model: 4) the episodic buffer, which would facilitate
the coordination of information between WM and long-
term memory (LTM).

The phonological loop itself is divided into two compo-
nents: 1) the phonological store, which is the entry point
for auditory informationwhere it is briefly held in a phono-
logical form, and 2) the articulatory loop, which is the en-
try point for visual stimuli and allows the maintenance of
active information in the phonological store through re-
hearsal (Lemaire & Didierjean, 2018; Fortin & Rousseau,
2015).

One method used to study the phonological loop is the
serial recall task, as conducted in the study by Longoni et
al. (1993), itself a replication of Baddeley et al.’s (1984) stud-
ies. A serial recall task involves the retrieval of information
from the participant’s memory without the presence of the
information during recall (Cleary, 2019). When perform-
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ing this task, the participant must recall the information in
the order in which it was presented (Hurlstone et al., 2014).
In Longoni et al.’s (1993) study, researchers identified and
studied five factors that could influence participants’ per-
formance, namely (1) the degree of phonemic confusion be-
tween items to be recalled (phonological similarity effect;
Conrad & Hull, 1964; Baddeley et al., 1984; Page et al., 2007;
Roodenrys et al., 2022), (2) the articulatory duration of dif-
ferent items (word length effect; Baddeley et al., 1975; Bad-
deley & Wilson, 1985; Monnier & Ejarque, 2008; Guitard
et al., 2018), (3) the modality of item presentation (visual or
auditory; Foxe et al., 2021), (4) asking participants to repeat
the syllable or word aloud (articulatory suppression effect;
Norris et al., 2018; Baddeley & Hitch, 2019), and (5) the pre-
sentation of sounds to be ignored (irrelevant speech effect;
Murray, 1968; Colle &Welsh, 1976). These five different fac-
tors come into play in specific regions of the articulatory
loop. The phonological similarity effect, auditory presen-
tation, and irrelevant speech effect occupy the phonologi-
cal store, while the word length effect, visual presentation,
and articulatory suppression effect occupy the articulatory
loop.

The present study is a replication of Longoni et al.’s
(1993) studies, conducted by changing the language of the
stimuli from Italian to French, as a change in language can
result in differences in certain aspects of serial recall (Am-
ici et al., 2019). This new moderating variable will further
generalize the initial results (Asendorpf et al., 2013).

Longoni et al.’s (1993) 5 studies and hypotheses

Experiment 1. The word length effect and articulatory
suppression were used as indicators for the articulatory
loop, while the phonological similarity effect was indicated
for the phonological store. The nature of the chosen stim-
uli was auditory; consequently, articulatory suppression
should eliminate the word length effect but should not
abolish the phonological similarity effect. However, in Lon-
goni et al.’s (1993) Experiment 1, there seemed to be a rela-
tionship between similarity and word length that was po-
tentially due to a plateau effect.
Experiment 2. Explores the relationship between similar-
ity and word length by adding one extra word to the se-
rial recall task. In Longoni et al.’s (1993) Experiment 2, the
phonological similarity effect and word length effect were
demonstrated to be independent of each other. Using a sim-
ilar protocol for both experiments should yield similar re-
sults.
Experiment 3. Theword length effectwas contrastedwith
the irrelevant speech effect as an alternative indicator for
the phonological store. The nature of the chosen stimuli
was visual. Based on the results obtained by Longoni et al.
(1993), the two effects are expected to be independent.

Experiment 4. This experiment examines the effect of
articulatory suppression on phonological similarity when
items were presented additively at a conventional speed
(0.5 sec/item) compared to a slow speed (5 sec/item). A re-
call occurred after a delay of 5 seconds. Longoni et al.’s
(1993) results suggest that articulatory suppression abol-
ished the phonemic similarity effect at a slow presentation
rate.
Experiment 5. In this experiment, the effect of articula-
tory suppression on phonological similarity was studied
when items were presented additively as in Experiment 4.
However, recall time was investigated; immediate recall
and a delayed recall group (10s). Longoni et al. (1993) ob-
served that articulatory suppression did not influence the
similarity effect even after a 10-second delay.

Objectives

Since this study is a replication, the main objective is to re-
produce the initial study by Longoni et al. (1993) and ob-
tain similar results. This will support the phonological loop
model proposed by Baddeley et al. (1984). It is especially
necessary to highlight the results of this study if contradic-
tory results are obtained to question an important model
in cognitive psychology that seemed to be perfectly demon-
strated in Longoni et al. (1993). In the present replication of
the five experiments, different participants were recruited
for each experiment. All experiments presented here have
an equal or slightly larger number of participants than in
the original article.

Experiment 1

The first experiment aimed to test the hypothesis that ar-
ticulatory control is responsible for the word length effect,
while the phonological loop is responsible for the phone-
mic similarity effect. According to the hypothesis, articula-
tory control and the phonological loop would be indepen-
dent, not two indicators of the same theoretical component.
The use of articulatory suppression, phonological similar-
ity, and word length should affect working memory.

Methodology

Participants and Recruitment. This study replicates Lon-
goni et al.’s (1993) Experiment 1, with a larger group of
participants. A convenience sample was recruited, with
the only inclusion criteria being a good understanding of
French, comprehension of the task, and the ability to per-
form it. In total, 30 subjects participated in Experiment 1
(50/50men andwomen, aged 15 to 54), compared to 24 par-
ticipants in the original study. All participants completed a
consent form and a demographic questionnaire.
Materials. Four lists of six words in four different condi-
tions were used to evaluate the effects of word length and
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Table 1 Average percentage of lists correctly recalled in
immediate serial recall, based onphonemic similarity and
word length under silent conditions and under articula-
tory suppression, in Experiment 1 of Longoni et al.’s (1993)
study.

Similar Dissimilar
Short Long Short Long

Silent 86.2 73.7 63.2 31.2 63.6
Suppression 52.0 49.4 25.0 15.5 36.0

69.1 61.5 44.1 24.4
65.3 34.2

Note. The left and bottom margins shows the means.

Table 2 Average percentage of lists correctly recalled in
immediate serial recall, based onphonemic similarity and
word length under silent conditions and under articula-
tory suppression, in the current replication of Experiment
1.

Similar Dissimilar
Short Long Short Long

Silent 88.5 87.5 85.3 67.5 82.2
Suppression 87.0 82.5 74.3 61.3 76.3

87.5 85.0 79.3 64.4
86.4 71.8

Note. The left and bottom margins shows the means.

phonological similarity. The first list included short simi-
lar words, the second list had long similar words, the third
list consisted of short dissimilar words, and the fourth list
contained long dissimilar words.

The word length effect was evaluated using short (two-
syllable) and long (four-syllable) words. Phonological simi-
larity was assessed using similar and dissimilar words. For
similar words, the sound "on" was present in the last sylla-
ble of shortwords, and the sound "ment"was present in the
last syllable of long words. Following Longoni et al.’s (1993)
Experiment 1, four randomly selected words from each list
were used to create twelve sequences for each group. Addi-
tionally, two training sequences were designed for each of
the four lists, with a total of 48 evaluated sequences and 8
practice sequences. The word lists were presented visually
on a computer screen and audibly through headphones us-
ing E-Prime software.
Procedure. Participants were divided into two equivalent
groups. During sequence presentation, one group had to
whisper continuously "one, two, three," at a rate of one
word per second, during both presentation and recall of
sequences, to produce the articulatory suppression effect.
The other group remained silent during these tasks.

Eight training sequences were presented, followed by
48 sequences in random order for each participant. Stimuli
were presented visually on the screen and audibly through
a voice synthesizer. A verbal warning was given three sec-
onds before the experiment’s start, followed by the presen-
tation of a sequence of four words at a rate of 1.5 seconds
per word. A visual warning was presented 2 seconds after
the last word.

After a 20-second retention period, participants had to
perform a serial recall: they had to write, in the order of
presentation, the words they remembered on a response
sheet. If a participant did not remember a word at a cer-
tain position, they had to cross out that position to indicate
it.

Results

The original study and its replication aim to measure the
ability to recall words from a list based on three factors:
word length (A), phonemic similarity (B), and articulatory
suppression (C). The results obtained from Experiment 1,
compared to Longoni et al.’s (1993) study, show both signif-
icant similarities and differences. Tables 1 and 2 present
the average percentage of correctly recalled lists in imme-
diate serial recall, based on phonemic similarity and word
length under silent conditions and under articulatory sup-
pression for Longoni et al.’s (1993) Experiment 1 (their Ta-
ble 1) and the replication study (Table 2). ANOVA was con-
ducted on the number of correctly recalled sequences per
participant in each condition, using articulatory suppres-
sion as the between-subjects factor and phonemic similar-
ity and word length as within-subject factors.

In Longoni et al.’s (1993) experiment, the results were
consistent with the hypothesis, indicating a word length ef-
fect (A): [F (1, 22) = 35.41, p < .001, η2p = .62], a phone-
mic similarity effect (B): [F (1, 22) = 121.10, p < .001, η2p =
.85], and an articulatory suppression effect (C): [F (1, 22) =
17.62, p < .001, η2p = .44]. The authors also reported in-
teractions A × B: F (1, 22) = 6.30, p < .02, η2p = .22, and
A × C: F (1, 22) = 14.40, p < .001, η2p = .40. In the results
of the present replication, participants’ performance was
better, with a nearly 30% higher correct response rate. The
results demonstrate a significant main effect of phonemic
similarity (B): [F (1, 28) = 57.30, p < .001, η2p = .67]. How-
ever, although a main effect of word length is detected, the
effect size is significantly smaller than in the original study
(A): [F (1, 28) = 3.968, p < .001, η2p = .12]. Moreover,
the effect of articulatory suppression is not significant (C):
[F (1, 28) = 3.223, p = .08, η2p = .10], unlike the results
of Longoni et al. (1993). Finally, the interaction between
the word length effect and the phonemic similarity effect
proved to be significant A × B [F (1, 28) = 14.23, p = .001,
η2p = .34], as in Longoni et al.’s (1993) study. However, in-
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Table 3 Average percentage of correctly recalled lists in
immediate serial recall, based onphonemic similarity and
word length without articulatory suppression in Experi-
ment 2 of the study by Longoni et al. (1993).

Similar Dissimilar
Short Long Short Long

Without suppression 74.5 59.9 20.3 6.8

Table 4 Average percentage of correctly recalled lists in
immediate serial recall, based onphonemic similarity and
word length without articulatory suppression in the cur-
rent replication of Experiment 2.

Similar Dissimilar
Short Long Short Long

Without suppression 80.0 78.2 73.6 62.4

teractions between the articulatory suppression effect and
the word length effect (A × C): [F (1, 28) = 0.02, p = .88,
η2p < .001], and the triple interaction among all three vari-
ables (A × B × C) [F (1, 28) = 1.412, p = .24, η2p = .05], were
all non-significant, contrary to what Longoni et al. (1993)
reported. Finally, the interaction between the articulatory
suppression effect and the phonemic similarity effect B × C
[F (1, 28) = 1.973, p = .17, η2p = .07], is not significant, as
in Longoni et al.’s (1993) findings.

Discussion

Longoni et al. (1993) hypothesized that the word length ef-
fectwould result fromarticulatory control processes, while
the phonemic similarity effect would stem from the use
of phonological memory. Consequently, they predicted
that in silent learning, the two effects should be additive
and independent. Articulatory suppression, they reasoned,
would eliminate theword length effect but not diminish the
phonemic similarity effect. As anticipated, the results of
the present study demonstrate thatword length andphone-
mic similarity have a significant impact on recall. Both
effects also influence each other significantly. Therefore,
in the condition of similar words, shorter words were re-
called more accurately than longer words. Furthermore,
the results imply that articulatory suppression does not in-
fluence recall or have interactions with phonemic similar-
ity. In contrast to Longoni et al. (1993), the present study
suggests that the word length effect was not significantly
eliminated by articulatory suppression. These findings are
inconsistent with the theory that the word length effect is
eliminated by articulatory suppressionwhile the phonemic
similarity effect is not. This contradicts the hypothesis that
word length and phonemic similarity use two independent
systems for sequence storage.

According to the results of Longoni et al. (1993), the
word length effect is greater when words are similar
than when they are dissimilar. This could indicate that
phonemic similarity is affected by word length, and con-
sequently, phonetically longer words are not recalled as
well as shorter, similar words. This interaction was repli-
cated in the present study, raising the question ofwhyword
length and phonemic similarity seem to have a more sig-
nificant impact in silent conditions. Longoni et al. (1993)

interpreted this interaction as a ceiling effect, suggesting
that the task might be too easy.

Experiment 2

Experiment 2 was conducted to verify whether the interac-
tion between the word length and phonological similarity
effects is related to a ceiling effect for short dissimilar word
sequences. To make the task more challenging, the num-
ber of words in each sequence was increased, and silent
learning was adopted. The original study by Baddeley et al.
(1984) suggests that this task was indeed more difficult in
silent learning.

Methodology

Eighteen participants (12 women and 6men, aged 15 to 55)
were recruited for Experiment 2 (compared to 16 in the
original study). The methodology of Longoni et al. (1993),
Experiment 2, is replicated for this experiment. Two mod-
ifications are made to the methodology of the first experi-
ment: 1) each sequence contains fivewords instead of four,
and 2) all participants experienced the task in silence. Ev-
erything else is identical to Experiment 1.

Results

The analysis of the results of the second experiment was
again based on the recall of complete sequences by the
participants. Particularly, this recall was performed under
conditionswithout articulatory suppression, aiming to ver-
ify if there is indeed an interaction between word length
and phonological similarity. Tables 3 and 4 illustrate the
average percentage of correctly recalled lists in immedi-
ate serial recall, based on phonological similarity andword
length without articulatory suppression from the study by
Longoni et al. (1993) and this replication, respectively. It is
noteworthy that the participants in the present study per-
formed significantly better, with a recall percentage 30%
higher than in the original study (average of 73.6% com-
pared to 40.4% in Longoni et al., 1993).

The results of the second experiment in Longoni et al.’s
(1993) study demonstrate a significant main effect of word
length (A) [F (1, 15) = 34.34, p < .011, η2p = .70] as well as
an effect of phonological similarity (B) [F (1, 15) = 214.17,
p < .001, η2p = .93]. The interaction between these two
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factors, that was present in the previous experiment, was
no longer evident. This indicates that the effects would be
additive and independent, as mentioned in their hypothe-
sis. In the present study, a main effect of word length (A):
[F (1, 17) = 9.41, p = .007, η2p = .36] and of phonological
similarity (B): [F (1, 17) = 936.91, p < .001, η2p = .98] is
present. However, an interaction betweenword length and
phonological similarity is also present, A × B: [F (1, 28) =
14.23, p = .001]. This suggests that the effect of word
length and similarity may not be independent and additive
but rather multiplicative.

Discussion

The second experiment was conducted to further explore
the ceiling effect observed in the previous experiment;
thus, the second experiment was conducted under condi-
tionswithout articulatory suppression. According to the re-
sults of Longoni et al. (1993), the interaction between word
length and phonological similarity is eliminated under con-
ditions without articulatory suppression, reaffirming their
hypothesis that these effects are independent and additive.
However, the results of the present study indicate a signif-
icant interaction between the two variables. These find-
ings reinforce the results of the previous experiment, sug-
gesting that the two effects have a more substantial impact
on each other than initially suggested. Therefore, data col-
lected may not reveal individual systems of phonological
memory but rather converging operations within the same
system.

The presence of this interaction led researchers
(Salamé & Baddeley, 1982; Baddeley et al., 1984) to revise
the concept of the articulatory loop. The articulatory loop
is now viewed as a system responsible for storing phono-
logical inputs while influenced by an articulatory process.
This may explain the interaction between word length and
phonological similarity observed in the results of this repli-
cation.

Experiment 3

Experiment 3 aims to investigate the effects of word length
and irrelevant stimuli on immediate serial recall. Word
sequences were presented either with ambient sound or
with irrelevant speech, intending to distract participants
during recall. It was demonstrated that serial recall of
visual stimuli was significantly influenced when subjects
were exposed to speech that needed to be ignored (Colle &
Welsh, 1976). According to Baddeley, the articulatory loop
represents the coding of auditory information, specifically
speech, inworkingmemory. With limited capacity, itwould
result in the word length effect (Baddeley et al., 1984).

Methodology

Participants. 28 participants (16 females and 12 males;
aged 14 to 64) were recruited for this study (compared to
24 in the original study).
Material. Two lists, each containing seven words with the
same number of letters, phonemes and syllables, were
used. One list comprised words that took longer to pro-
nounce aloud, while the words in the second list took less
time to pronounce. The first list included the words cesser,
accueil, propos, bambou, alcool, autour and carton. The
second list contained the words dehors, souhait, cadeau,
chassé, bandit, chaton and soleil. From these two lists, the
seven words from both lists were randomly presented in
each sequence for a total of ten sequences. An auditory
recording (70 decibels) of 400 irrelevant randomwordswas
used for the condition involving irrelevant speech, at a rate
of 1 word/second.
Procedure. To vary the order of condition administra-
tion (described below), participants were divided into two
groups of 14 individuals each. Each group underwent one
condition with ten sequences (five short words and five
longwords) before completing the other conditionwith ten
additional sequences.

In the first condition, ambient noise (35 dB) recorded in
a quiet room was present in the participant’s headphones
during the visual and auditory presentation of words and
during the recall period. In the second condition, the audi-
tory recording of 400 irrelevant randomwords was played
(70 dB). For both conditions, the seven words in a sequence
were presented one at a time at a two-second interval per
word. Auditory and visual instructions preceded the start
of the presentations. The words were presented both au-
ditorily (via headphones) and visually. To make the proce-
dure as similar as possible to that used by Longoni et al.
(1993), Experiment 3, which involved viewing individually
displayed words in uppercase (12 × 10 mm) at a distance
of approximately 3meters, participants were positioned 70
cm from the monitor displaying words in a font size of 11
pt.

Following the presentation of each sequence without a
delay (for immediate recall), participants had 40 seconds
to remember the order of word presentation. A response
sheet containing the lists used was provided, as the partici-
pants did not have to recall the words but only their order.

Results

The goal of Experiment 3 was to distinguish between the
two components of the phonological loop: the articulatory
loop and the phonological store. Irrelevant speech (A) and
word length (B) were used as operational variables for the
sensory store and the phonological loop, respectively. Ta-
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Table 5 Average percentage of correctly recalled lists in
immediate serial recall, based onword lengthunder silent
conditions and under conditions of irrelevant speech in
Experiment 3 of the study by Longoni et al. (1993).

Short Long
Silent 75.5 65.5
Irrelevant speech 62.4 54.9

Table 6 Average percentage of correctly recalled lists
in immediate serial recall, based on word length un-
der silent conditions and under conditions of irrelevant
speech words in the current replication of Experiment 3.

Short Long
Silent 61.4 55.4
Irrelevant speech 44.0 46.4

bles 5 and 6 reflect the average percentages of correctly re-
called lists in immediate serial recall, based onword length
under silent conditions and under non-relevant word con-
ditions in Longoni et al.’s (1993) Experiment 3 and its repli-
cation, respectively. This time, participants in the replica-
tion performed 12% less effectively on average than in the
original study.

The results of the original study showa significantmain
effect of irrelevant speech (A): [F (1, 22) = 30.80, p <
.001, η2p = .58] as well as an effect of word length (B):
[F (1, 22) = 13.53, p < .001, η2p = .38]. The interac-
tion between the two factors was non-significant (A × B):
[F < 1]. The results tend to support the hypothesis that
word length and unsupervised speech exert additive and
independent effects. In the present study, a main effect
of irrelevant speech is observed (A): [F (1, 26) = 10.24,
p = .004, η2p = .28]. However, a main effect of word length
was not replicated; statistical analyses of this effect in the
present study were non-significant (B): [F (1, 26) = 0.567,
p = .46, η2p = .02]. Yet, similar to Longoni et al.’s (1993)
study, the interaction between irrelevant speech and word
length is non-significant (A × B): [F (1, 26) = 1.864, p = .18,
η2p = .07].

Discussion

Longoni et al. (1993) hypothesized that irrelevant speech
and the word length effect are independent. Thus, irrel-
evant speech and word length were used as operational
variables for the sensory store and the phonological loop,
respectively. Since the results of the current replication
did not find an interaction between the variables, the data
is not interpretable since the word length effect was not
significant. In other words, there was no significant dif-
ference in performance among participants whether the
word is long or short. Longoni et al. (1993) obtained re-
sults supporting the hypothesis that word length and irrel-
evant speech exert additive and independent effects, while
the results of the present study lack interpretability. More-
over, the average number of correctly recalled words in
each condition of this replication seems to be lower than
the data obtained by the original study. Success rates are
observed to be 17.6% lower in the condition of long words

in silence, and up to 41.8% lower in the condition of short
words with irrelevant speech than in the original study.
The non-replication of the word length effect in this study
is surprising given that a significant part of the concept
of the phonological loop and storage concept rests on this
key notion (Jalbert et al., 2011). Since this study included
more participants than Longoni et al.’s (1993) study, we
can exclude the possibility of lower statistical power in the
present study than in the original study.

There are two main types of lists to test word length: a
list based on the number of syllables and a list based on the
time it takes to pronounce the word (Baddeley et al., 1975).
The word length effect based on time was established in
two initial studies, Experiments 3 and 4 by Baddeley et al.
(1975). Several studies, including Longoni et al.’s (1993)
study, have replicated the word length effect based on time
using the original stimuli; however, no other set of stimuli
has produced the same result (Jalbert et al., 2011). For ex-
ample, Neath et al. (2003) tested different sets of short and
long words with corresponding syllables and phonemes
but different pronunciation times; only the original stim-
uli by Baddeley et al. (1975) showed a word length effect.
Neath et al. (2003) concluded that the word length effect
based on time resulted from an unknown characteristic of
the original stimuli. They suggested that unless other sets
of stimuli show a recall difference solely related to pronun-
ciation time, the existence of the word length effect based
on time may be questioned. This poses a challenge for the-
ories involving concepts such as the phonological loop. The
word length effect based on the number of syllables is con-
sistent across various experiments. This means that it is
generally more difficult to remember longer words, mea-
sured in syllables, compared to shorter ones (Baddeley et
al., 1975). Researchers continue to debate the cause of this
effect. Replication studies confirm that differences in re-
sults depend on the stimuli used (Bireta et al., 2006). Ulti-
mately, much like the word length effect based on time, the
word length effect based on the number of syllables seems
to vary depending on specific stimuli.

The present study was conducted with a list of words
based on the time it takes to pronounce the word, i.e., two-
word sequences with the same number of letters and sylla-
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Table 7 Average percentage of correctly recalled lists in
immediate serial recall, based on phonemic similarity un-
der silent conditions and under articulatory suppression,
as well as under slow and fast presentation speed in Ex-
periment 4 of the study by Longoni et al. (1993).

Silent Suppressed
Dissimilar Similar Dissimilar Similar

Fast 70.0 5l .l 56.9 37.8
Slow 93.6 8l.1 77.8 77.8

Table 8 Average percentage of correctly recalled lists in
immediate serial recall, based on phonemic similarity un-
der silent conditions and under articulatory suppression,
as well as under slow and fast presentation speed in the
current replication of Experiment 4.

Silent Suppressed
Dissimilar Similar Dissimilar Similar

Fast 7l.2 46.9 65.6 44.5
Slow 69.8 50.8 65.0 49.2

bles; longer words naturally take more time to pronounce
than shorter ones. It appears that the format of the list used
in the present study had an effect on the non-significant
result of word length; a result similar to the studies men-
tioned earlier.

Experiment 4

The aim of this fourth experiment is to verify the effects
and interactions of articulatory suppression, phonological
similarity, and word presentation speed. Longoni et al.
(1993) demonstrate that articulatory suppression abolishes
the phonological similarity effectwhen items are presented
at a slow pace (5 seconds/word) but not at a fast pace (0.5
seconds/word). Since articulatory suppression and phono-
logical similarity occur in two different components of the
phonological loop, with a fast presentation rate, the sim-
ilarity and suppression effects are independent and ad-
ditive. Thus, similar words are more challenging to re-
memberwhen participants engage in articulatory suppres-
sion. However, it is suggested that a slow presentation
rate coupled with articulatory suppression should abolish
the phonological similarity effect because the phonologi-
cal trace of similar and dissimilar words undergoes equal
degradation.

Methodology

Participants. The sample consists of 24 participants (12
women and 12 men, aged 15 to 64), the same number as
in the original study.
Materials. Two lists ofwordswere used. The first contains
six phonetically similar words, and the second contains six
phonetically dissimilar words. Phonetically similar words
all contain the sound "erre": frère, vert, air, guerre, plaire
and serre. The phonetically dissimilar words are pomme,
juge, œil, ski, chat and pain. The choice of words was
made to eliminate retention strategies, such as grouping.
Subsequently, ten random orders of each set were created,
and these were divided in half to obtain two groups, each
containing five sequences of phonetically similar words
and five sequences of phonetically dissimilar words. This
process was done randomly using E-Prime software. To

measure the effect of presentation rate on recall, two au-
dio recordings of different sequences were designed: one
recording at a presentation rate of 0.5 seconds/item, and
another at a rate of 5 seconds/item.
Procedure. The sequences are presented visually and au-
ditorily to the participants. After the presentation of each
list of six words, participants must remember the order of
the twelve presented words and transcribe them on a pre-
prepared sheet, which includes the two-word lists. Partici-
pants are divided into two groups: the first group initially
listens to the word sequence at a fast presentation rate (0.5
seconds/word), while the other group starts with the word
sequence at a slow presentation rate (5 seconds/item). Dur-
ing slow-paced listening, for articulatory suppression, par-
ticipants are required to repeat "one, two, three" one word
per second. Following the presentation of the sequences,
participants have 30 seconds to transcribe the words they
just heard in the order presented.

Results

The objective of Experiment 4 was to analyze phonological
similarity, the articulatory suppression effect, and the pre-
sentation speed effect. Tables 7 and 8 provide the results
of the original study and the current replication, respec-
tively. Participants in the present replication had poorer
performance than those in the original study, with an aver-
age 10% lower performance

Firstly, the results indicate a significant similarity effect
(B; F (1, 20) = 67.045, p < .001). Next, the reported data
do not show a significant effect regarding articulatory sup-
pression (C: F (1, 20) = 0.378, p = .54). The interaction be-
tween the similarity effect and the articulatory suppression
effect is not significant (B × C: F (1, 20) = 0.395, p = .54).
Finally, whether the presentation rate is fast or slow, there
are no significant differences between these two conditions
(D: F (1, 20) = 0.072, p = .79). That being said, the pre-
sentation speed does not attenuate the phonological sim-
ilarity effect. There is no difference in the presentation
rate of words when they are dissimilar or similar (B × D:
F (1, 20) = 1.048, p = .32). In this regard, whether in
the silent condition or in the articulatory suppression con-
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Table 9 Average percentage of correctly recalled lists in
serial recall, based on phonemic similarity under silent
conditions and under articulatory suppression, as well as
under immediate or delayed recall in Experiment 5 of the
study by Longoni et al. (1993).

Silent Suppressed
Dissimilar Similar Dissimilar Similar

Immediate 59.4 40.6 40.3 27.2
Delayed 79.4 50.3 57.8 38.1

Table 10 Average percentage of correctly recalled lists in
serial recall, based on phonemic similarity under silent
conditions and under articulatory suppression, as well as
under immediate or delayed recall in the current replica-
tion of Experiment 5.

Silent Suppressed
Dissimilar Similar Dissimilar Similar

Immediate 72.8 47.8 68.3 38.0
Delayed 78.1 43.3 68.0 53.3

dition, the presentation speed does not affect participants’
performance (C × D: F (1, 20) = 0.005, p = .94). Thus, the
presentation speed has no impact on the suppression ef-
fect, and there is no triple interaction between the similar-
ity effect, the articulatory suppression effect, and the word
presentation speed (B × C × D: F (1, 20) = 0.000, p = 1).

Experiment 5

The study by Longoni et al. (1993) examined whether ar-
ticulatory suppression had an impact on the phonological
similarity effect, even when participants had a 10-second
interval between the end of the presentation and recall.
The obtained results indicate that suppression had very
little or no impact on the phonological similarity effect,
both for immediate and delayed recall, even when wait-
ing for 10 seconds. These results were consistent with pre-
vious experiments in their study. It was suggested that
these findings provided evidence of the encoding of audi-
tory information in the phonological store and, that the re-
trieval of this information did not depend on articulatory
rehearsal. This contradicts the theory proposed by Badde-
ley et al. (1984), which suggests that “coded” information
may be forgotten unless it is recalled with the aid of articu-
latory rehearsal. The fifth experiment aimed to determine
if, even in the presence of a delay betweenpresentation and
recall of information, articulatory suppression has an im-
pact on phonological similarity, by replicating Longoni et
al.’s (1993) Experiment 5. Since the phonological similarity
effect is related to the phonological store and suppression
occurs in the articulatory loop, the latter should have no
effect on phonological similarity.

Methodology

Participants. Twenty-four participants (10 females and 14
males, aged 15 to 64) were recruited for this experiment,
which is the same number as in the original study.
Materials. Two lists of words were used: one composed of
six phonetically similar words, and the second composed
of six phonetically dissimilar words. These two lists are the
same as those used in Experiment 4. Ten lists were ran-
domly generated from the two initial lists. These lists were

then divided into two blocks, so that each block contains
five sequences of phonologically similar words and five se-
quences of dissimilar words. Audio recordings of these se-
quenceswere created. Audio cues signaled the participants
about the beginning and end of a list. This procedure was
repeated twice, increasing the recall time by 10 seconds.
Procedure. To vary the order of presentation of condi-
tions, participants were divided into two equal groups. The
two blocks (0.5 seconds/word and 5 seconds/word) were
presented one after the other but in reverse order be-
tween the two groups. The presentation of words was done
through listening to a recording. For the block with a 0.5-
second/word interval, a delay of 0.5 seconds was imposed
after each sequence before recall. For the block with a 5-
second/word interval, the delay was 10 seconds. Further-
more, all participantswere randomly separated again. Half
had to repeat "un, deux, trois" ("one, two, three") at a rate
of one word per second, while the other half could listen
to the words without articulatory suppression. This sep-
aration was independent of the two groups separated by
word presentation speed. After listening, participants had
30 seconds for recall and transcription of the words (in or-
der) onto a prepared sheet.

Results

Similar to the study by Longoni et al. (1993), data analysis is
based on the recall of each list of words by participants un-
der specific conditions. These conditions involved recalling
similar and dissimilar words (factor A) either in immediate
silence or after a 10-second delay (factor E).

Statistical analyses revealed a significant main effect of
phonological similarity [A: F (1, 20) = 124.61, p < .001],
but failed to produce a significant main effect of articu-
latory suppression [C: F (1, 20) = 0.83, p = 0.37], or
the recall delay effect [G: F (1, 20) = 0.68, p = 0.42].
This is highly unexpected compared to the original results
of Longoni et al. (1993), Experiment 5, where significant
main effects of phonological similarity [F (1, 20) = 55.60,
p < 0.001], articulatory suppression [F (1, 20) = 41.96,
p < 0.001], and delayed recall effect [F (1, 20) = 6.48,
p < 0.02]were reported. The present replication study also
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examined the interactions between the three effects and
found no significant interaction between phonological sim-
ilarity and articulatory suppression [A × C:F (1, 20) = 2.71,
p = 0.12]. Furthermore, there was no significant interac-
tion between phonological similarity and recall delay [A
× G: F (1, 20) = 0.39, p = 0.54], nor between articula-
tory suppression and recall delay [C × G: F (1, 20) = 0.831,
p = 0.37]. In comparison to Longoni et al.’s (1993) study,
similar interactions were observed, indicating no interac-
tion between delay and the phonological similarity effect
[A × G: F (1, 20) = 2.44, p > 0.10], nor between delay and
the articulatory suppression effect [C × G: F (1, 20) = 0.02,
p > 0.80]. Unlike the present study, Longoni et al. (1993)
found an interaction between the effects of phonological
similarity and articulatory suppression [A × C: F (1, 20) =
3.54, p < 0.10].

Discussion of Experiments 4 and 5

Longoni and colleagues were able to corroborate this hy-
pothesis since the phonemic similarity effect was abolished
under articulatory suppression at a slow rate of presenta-
tion (lr493). In the present experiment, the phonemic sim-
ilarity effect was preserved in every condition, notably un-
der articulatory suppression at a slow rate of presentation.
Although insignificant, themagnitude of the phonemic sim-
ilarity effect was reduced at a slow rate of presentation un-
der articulatory suppression, which aligns with the decay
hypothesis. Furthermore, Longoni and colleagues found
an improvement in overall performance at a slower rate
of presentation, which contradicts Baddeley’s decay the-
ory, in which a faster rate of presentation would improve
overall performance. It might indicate the involvement of
semantic encoding processes, beyond the scope of simple
phonological encoding (A. Baddeley, 2007; Longoni et al.,
1993). In contrast, the present experiment found no signif-
icant increase in performance at a slow rate of presenta-
tion. On debriefing in Longoni’s study, participants under
the slow condition reported the use of semantic encoding
strategies between the presentation of each item. (Longoni
et al., 1993). Experiment 5 was consequently designed to
test the decay theory while eliminating the possibility of
semantic encoding between items. To that end, all items
were presented at a conventional, rapid rate. Instead, the
incorporation of a 10-second delay between presentation
and recall was implemented to test the effects of tempo-
ral decay. According to the decay hypothesis, the phone-
mic similarity effect should be abolished when the delay is
occupied by articulatory suppression, preventing seman-
tic encoding (Baddeley et al., 1984). On the other hand,
according to the encoding strategy (interference) hypoth-
esis, the phonemic similarity effect should be preserved
under these conditions, since the decay of information is

not dependent on time alone, but on the presentation of
new interfering information (Nairne, 2002). Longoni and
colleagues reported that the 10-second delay failed to abol-
ish the phonemic similarity effect, even when the articu-
latory loop was suppressed during this period (Longoni et
al., 1993). Consistent with these results, the present ex-
periment found that the delay had no discernible effect
on phonemic similarity; the effect was notably preserved
across all tested conditions. The findings of both experi-
ments support Nairne’s interference hypothesis and refute
Baddeley’s decay hypothesis by showing that memory re-
tention is more significantly affected by the amount of new
information encoded (interference) rather than the mere
passage of time (Nairne, 2002). Moreover, Longoni and col-
laborators noted an increase in overall performancewith a
delay. However, the present study failed to replicate these
results. As previously noted, this increase in performance
suggests the presence of semantic encoding strategies (Lon-
goni et al., 1993). Overall, the results from Experiments 4
and 5 suggest that the current model in working memory
may be overly simplistic in capturing this dynamic. Simi-
lar research has prompted the development of more com-
prehensive theories that incorporate the roles of interfer-
ence, temporal decay, and long-term memory influences
onworkingmemory function, for instance, the Time-Based
Resource Sharing (TRBS) theory (Barrouillet et al., 2004).
This theory suggests that the persistence of memory over
short intervals may rely more heavily on the allocation of
attentional resources than time-related decay or interfer-
ence (Barrouillet et al., 2004).

A limitation of this experiment is that there may be
an oversight in assuming that a 10-second interval is suf-
ficient to observe decay, particularly if the actual duration
needed for phonological traces to fade might be longer. Fu-
ture research should explore the specific conditions under
which attentional resources are most effective at preserv-
ingmemory traces and investigatewhether these resources
are inherently limited or can be enhanced through training
to improve memory performance. In conclusion, these ex-
periments have provided further empirical evidence con-
firming the existence of the phonemic similarity effect and
its reliance on the phonological store, whilst adding valu-
able data to the ongoing research on the decay and inter-
ference hypotheses.

General Discussion

In the first experiment, the similarity effect was replicated,
the word length effect is mainly present in the similar con-
dition, but the articulatory suppression effectwas not repli-
cated. The second experiment shows differences in results
compared to Longoni et al. (1993). The similarity effect and
the word length effect would not be independent and ad-
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ditive, as suggested by the original study, but rather mul-
tiplicative. In Experiment 3, the word length effect is not
replicated: word length and irrelevant speech would be
multiplicative and not independent and additive. The ef-
fect of irrelevant speech is less significant than that in the
original study. Moreover, the lack of interaction between
word length and irrelevant speech is replicated. In the
fourth study, the similarity effect is even greater than in the
original study. It is noteworthy that in the original study,
the similarity effect disappeared in the suppression condi-
tion under slow speed. As in the original study by Longoni
et al. (1993), there is no articulatory suppression effect. Ad-
ditionally, there is no speed effect. In the fifth experiment,
the similarity effect is present. However, the suppression
effect and the delay effect are not replicated.

The replication results are very different from the origi-
nal study. Several alternative explanations can account for
this, with the main one being the validity of the method.
The present study was not conducted under optimal labo-
ratory conditions. When the participant was in the com-
puter room, several other people were present at the same
time. Additionally, this study was conducted by over 30 ex-
perimenters, whomay contribute to a small degree of vari-
ation to the methodology. However, it is difficult to believe
that over 30 experimenters consistently deviated from the
method.

The absence of the articulatory suppression effect can
be explained by the findings of the Saito (1998) study. Ac-
cording to this study, intermittent articulatory suppression
would be the best option to obtain an articulatory suppres-
sion effect. The non-replicated effects of similarity and
word length can be explained in the findings of the Spur-
geon et al. (2014) study. Theword list utilized in this study is
too short to effectively eliminate the primacy effect, which
is present with both similar and dissimilar words.

To address some of our study’s limitations, additional
steps and modifications to the methodology are necessary.
Participants should be placed in an isolated room to mini-
mize external interference. There should be fewer experi-
menters administering the testing to ensure closest adher-
ence to the method. Some aspects of the method should
also be revised to more accurately measure the impact of
certain variations. For example, the task used to evaluate
the articulatory suppression effect could be changed from
a continuous suppression activity to an intermittent artic-
ulation suppression task, to compare outcomes. Word lists
should be longer to eliminate the primacy effect, allow-
ing for a clearer distinction between similar and dissimilar
word conditions.
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