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Overwriting of phonemic features in serial recall

Elke B. Lange and Klaus Oberauer
University of Potsdam, Germany

We tested two explanations of the phonological similarity effect in verbal short-term memory: The
confusion hypothesis assumes that serial positions of similar items are confused. The overwriting
hypothesis states that similar items share feature representations, which are overwritten. Participants
memorised a phonologically dissimilar list of CVC-trigrams (Experiment 1) or words (Experiment 2 and
3) for serial recall. In the retention interval they read aloud other items. The material of the distractor task
jointly overlapped one item of the memory list. The recall of this item was impaired, and the effect was not
based on intrusions from the distractor task alone. The results provide evidence for feature overwriting as
one potential mechanism contributing to the phonological similarity effect.

One of the most robust findings in immediate
verbal recall tasks is the phonological similarity
effect: Increasing the similarity of to-be-remem-
bered verbal material decreases memory perfor-
mance in serial recall (Conrad, 1964) This effect
was mainly attributed to confusion of similar items
(Wickelgren, 1965), but destruction of the mem-
ory trace was discussed as a possible mechanism as
well (Posner & Konick, 1966). In contemporary
models of short-term memory, the two main
categories of possible processes underlying inter-
ference—confusion and degradation of repre-
sentations—can still be found. In the Burgess and
Hitch (1999) model and the primacy model of
Page and Norris (1998) the competition of acti-
vated items plays a crucial role. Although item
representations differ in these models, they share
the assumption that there is no mutual degrada-
tion of representations due to their similarity.
Instead, similarity effects arise from confusions of
similar items at retrieval. The feature model of
Nairne (1990) and Neath (2000), in contrast,
incorporates a feature overwriting process result-
ing in degradation of representations in memory,
which contributes to the similarity effect in serial

recall. For the confusion account the memory
representation could be local or distributed. Fea-
ture overwriting, however, requires a distributed
memory representation coding individual items as
sets of features, because overwriting is assumed to
selectively affect individual features of an item.
Empirical evidence for a distributed memory
representation involving phonemic codes was
found by Tehan and Humphreys (1998).
Whereas confusion and overwriting seem to be
different mechanisms, the theoretical discrimina-
tion of these processes is not unambiguous on
closer examination. The general idea of feature
overwriting can be fleshed out in at least three
different ways. (1) The features of item n could
delete the features of item n—1, as in the feature
model of Nairne (1990), although Nairne (1990, p.
252) mentioned that overwriting can be based on
other mechanisms as well. (2) Item n—1 could
adopt features of item n. Neath (2000) modelled
the effect of articulatory suppression and irrele-
vant speech by feature adoption. (3) All features
remain intact, but the temporary binding of the
features to build item n—1 is weakened when
these features overlap with item n. Wickelgren
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(1965) assumed associations between phonemes
of an item and argued that overlapping phonemes
are chained together with different subsequent
phonemes, which should lead to a degraded or
confused memory representation and increase the
error rate for phonologically similar lists. Notice
that this kind of feature confusion is considered as
one instantiation of an overwriting process (per
definitionem) and has to be distinguished from the
confusion mechanism, which refers to confusion
of complete items. One could argue that the third
variant of the overwriting idea is equivalent to
confusion on the level of features, but this would
extend the confusion hypothesis beyond its com-
mon scope of application, which is limited to
entire items.

Unlike the feature model (Nairne, 1990), in
our view overwriting is not necessarily limited
to successive items or items that are perceived
as belonging to the same group event. We see
no reason to give item n—1 a special status in
working memory making it particularly vulner-
able to overwriting. Instead, we assume that
overwriting occurs between all items held simul-
taneously in working memory. Regardless of
their order of entering into working memory,
all these items’ features have to be activated
concurrently, so they should all potentially over-
write each other.

THE PRESENT EXPERIMENTS

The goal of this work is to test the hypothesis that
overwriting in distributed memory representation
is at least partially responsible for similarity-based
interference in STM, as manifested in the pho-
nological similarity effect. How can we distinguish
this hypothesis from the confusion account?
Usually the phonological similarity effect is
obtained by varying similarity of items within the
memory list. According to the confusion account,
one item of a list is confused with another pho-
nologically similar item. Similarity increases the
competition of activated items at recall, which
results in more transposition errors. But unfortu-
nately, a very similar prediction can be derived
from the hypothesis of overwriting. Feature
overlap leads to degradation of some features.
The weakened activations of some features would
give rise to errors of any kind, but transposition
errors happen to be the most prevalent errors in
serial recall anyway (Henson, Norris, Page, &
Baddeley, 1996).

Therefore, we introduced a secondary task and
varied the similarity between items in the memory
list and items used for the secondary task. High
similarity of the new material with the memory list
should increase recall errors as well. The confu-
sion hypothesis would predict higher confusion of
items from the memory list with those from the
secondary list, thus leading to more intrusions
from the secondary list. According to the over-
writing hypothesis, in contrast, the secondary task
should impair the feature representations of the
memory list. This would increase all kinds of
errors to about the same degree, in particular the
most frequent error categories in serial recall, that
is, transpositions and omissions.

In our first experiment we used CVC-trigrams
(i.e., nonwords with the structure consonant,
vowel, consonant), and in the two subsequent
experiments words were presented. The experi-
ments had a very similar design. Participants
memorised a list of items for serial recall. In the
retention interval several additional items were
presented, which had to be read aloud to ensure
phonological encoding. One of the list items was
chosen randomly as the target, but this was not
known to participants. Words for the secondary
task were selected such that all features of the
target occurred in them, but they were distributed
among all secondary task words. Thus, there was
high degree of feature overlap of the targets with
the secondary list, but less overlap of the other list
items of the memory list with the secondary list.
This should lead to a high degree of feature
overwriting in the target and less in the other
items. At the same time, the pairwise similarity of
the target with any item of the secondary task list
was minimised, because the target shared only a
minority of its features with each individual sec-
ondary task item.

The overwriting hypothesis therefore predicts
that the target word will be recalled less well than
a comparable nontarget word, and the effect
should be observable in all kind of errors. The
confusion account would predict that target and
nontarget words differ, if anything, only in the
number of intrusions from the secondary list.
Notice that in a model of cumulative activation
(e.g., Burgess & Hitch, 1999) the phonemic over-
lap of the secondary task should not lead to a
decrease but an increase in performance. The
features in the secondary list should reactivate the
phoneme-nodes of the corresponding features of
the memory list, and therefore, enhance the
performance of the target.



How could we equate the targets with the other
list items for parameters like word-likeness or
ease of pronunciation (for CVCs), or for fre-
quency and word length (for words)? Our solution
was to choose a second target out of each memory
list and build a second secondary task list max-
imising feature overlap with this second target.
One group of participants received the memory
list with secondary task set 1, overwriting target 1,
the other group received the same list with sec-
ondary task set 2, overwriting target 2. Within
each group we defined as control items those that
were the targets in the other group. In this way,
the total set of targets over both groups was
identical with the total set of control items.

EXPERIMENT 1
Method

Participants

A total of 36 students (20 high-school students, 16
students of the University of Potsdam) partici-
pated and received course credits or 5 Euro for
participation.

Material

Both memory and secondary task lists consisted of
three CVCs, which were chosen from a complete
list of all possible CVCs that can be built without
consonant repetition. From this list we excluded
CVCs with high familiarity, e.g., well-known
acronyms, or high similarity with German, French,
or English words. From each memory list of CVCs,
one was chosen at random as the target. The
secondary task list was built appropriately, such
that one CVC in the secondary task borrowed the
target’s vowel, the other its first consonant, and the
third one its second consonant. The other con-
sonants of the secondary list had no overlap with
the memory list, but there usually was overlap of
one vowel, as there were just five vowels for six
CVCs altogether, and we did not want the target to
get a special kind of attention from the participants
in being the only CVC always having a vowel
overlap with the secondary list. The repeated let-
ters occurred at the same position in the memory
list and in the secondary list.

Two secondary lists were built and assigned to
two different groups of participants with one CVC
as target in group 1 and as control item in group 2
and vice versa. For analysis we compared the
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performance of the targets with the control items.
There were six practice trials and 96 test trials,
with no repeated CVC in a block of 12 trials. All
participants received the same memory lists, and
the groups differed in the secondary task set.
Within each group, order of trials and serial
position of targets and control items was deter-
mined at random, with the constraint that each
serial position was used equally often.

Procedure

Participants were tested individually in a quiet
room. They saw the memory list in the upper half of
the PC-screen, preceded by a 1000-ms cue in form
of a frame. Presentation rate was one CVC in
1400 ms. The first CVC from the secondary task
was then presented in the lower half of the screen,
also preceded by a frame cue. By pressing the space
bar the remaining two CVCs were displayed one by
one. Participants were instructed toread each CVC
of the secondary list aloud into a microphone, and
their responses were tape-recorded. After the
secondary task the answering display for the
memory list was presented. Participants were
required to recall the memory list in correct order.
Answers were typed on the PC-keyboard. Dura-
tion of the experiment was approximately 1 hour.

Results and discussion

Total list accuracy was 50.41% correct items
(range 18.75-77.78%), with 47.37% correctly
recalled targets and 53.36% correctly recalled
control items. The percentage of correctly recalled
items was analysed by a within-subject ANOVA
of condition (target versus control) and serial
position in the memory list (3). There were sig-
nificant main effects of condition, F(1,35) = 20.14,
MSe = 96.20, p < .001, and position, F(2,68) =
10.46, MSe = 113.65, p < .001, but no significant
interaction, F(2,68) = 2.58, MSe = 77.61, p = .083.
These results are shown in Figure 1A.

Errors were coded as omissions (21.92% of all
errors), transpositions (i.e., migrations of CVCs
within the memory list; 1.57 %), intrusions of CVCs
from the secondary list (1.91%), intrusions from
the previous memory (0.50%) and from the pre-
vious secondary list (0.15%), partial errors
(65.64%), and other errors (8.17%). Partial errors
were defined as answers containing one or two
letters from the correct CVCin the correct position
within the CVC. Mean frequencies of correct items
and different error types are shown in Table 1. The
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Figure 1. Percent correct responses by serial position for
target and control items. A: Experiment 1 (CVC lists), B:
Experiment 2 (word lists), C: Experiment 3 (word lists). Error
bars represent one standard error of the difference between
targets and control items.

difference between target and control perfor-
mance was significant for partial errors (Z= —2.64,
p < .01), omissions (Z = —2.20, p < .05) and
intrusions from the secondary list (Z = 3.79, p <
.001), determined by Wilcoxon rank test."

! The nonparametric Wilcoxon test was chosen because the
small numbers of errors in some categories render the
assumption of normal distribution doubtful.

To summarise, targets were recalled less well
than control items, and this effect was not only due
to intrusions from the secondary list. Although the
effect was in part due to intrusions, the proportion
of intrusions had been too small to account for the
effect of feature overlap on target recall. This
results supports the overwriting hypothesis. Fur-
thermore, the overwriting effect was not specific
to a serial position in the list.

EXPERIMENT 2

In the first experiment we assumed that the CVCs
were treated as elements in memory and the let-
ters as their features. One could question this
assumption by arguing that in fact the individual
letters were the list elements, because CVCs do
not correspond to well-learned units in memory.
Therefore we decided to repeat our experiment
with real words. Instead of letters we defined
phonemes as the critical features.

Method

Participants

A total of 18 students of the University of
Potsdam participated. They received course
credits or 12 DM for participation.

Materials

Memory list. The memory list consisted of
five words with a low degree of phonemic simi-
larity. The maximum pairwise overlap between
words within the list was three phonemes, with a
mean of 1.02 phonemes.? If there was an overlap,
the phoneme was usually not in the same position
within the two words. No vowel in a stressed syl-
lable occurred twice in a memory list. We tried to
combine words from different categories in each
list to minimise semantic similarity. There were 90
lists. No word was repeated over the whole
experiment. The words had one or two syllables in
a proportion of about five to seven.

Secondary lists. There were two secondary
lists for each memory list, one for each target,

2 Bearing in mind that there is still a discussion about which
of the sounds have a status as phonemes or are allophones of
this phoneme, we decided to use neither a very conservative
nor a very liberal selection of phonemes (Wiese, 1996). A
complete list of the phonemes we treated as distinct is available
from the authors.
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TABLE 1
Mean frequencies of response categories

Experiment 1

Experiment 2

Experiment 3

Target Control Target Control Target Control

Correct 45.5 51.2 533 58.3 54.4 56.3
Omissions 11.3 10.3 24.2 20.9 231 22.5
Transpos. 0.7 0.9 3.9 4.5 6.0 52
Intrus. SL 1.6 0.5 2.3 1.1 12 0.7
Intrus. PML 0.3 0.2 0.4 0.5 0.4 0.2
Intrus. PSL 0.1 0.2 0.4 0 0.2 0.2
Phonol. 1.8 1.8 14 1.5
Semantic 0.5 0.7 13 13
Partial 31.9 28.4

Other 4.8 4.4 3.1 22 2.0 22
Total ¥ 96 96 90 90 90 90

The sum of each column equals the number of all items, of targets, or of control items, respectively,
which differ between experiments. Transpos. = transposition errors, Intrus. = intrusions, ML = memory
list, PML = previous memory list, PSL = previous secondary list, Phonol. = phonological errors.

which were presented to different groups of
participants. The words of the secondary task had
maximum phonemic overlap with the corre-
sponding target (i.e., 100% of the target’s pho-
nemes appeared at least once, and usually more
than once, in the secondary task) and little overlap
with the other words in the memory list (23% of
other words’ phonemes appeared once in the
secondary list). To minimise pairwise similarity
between target and secondary task words, no
more than two phonemes of each single secondary
word overlapped with the target, and these over-
lapping phonemes were usually not in the same
position in the two words. On average, every
secondary word shared 37% of its phonemes with
the target. The four words forming each secondary
list did not rhyme with each other nor with any
memory list word, including the target. In the
secondary lists, one- and two-syllable words
appeared in a proportion of about two to three.
The two groups of targets were comparable with
regard to their word frequency class. We used the
corpus of the University of Leipzig called ““Projekt
Wortschatz Lexikon” (http://wortschatz.uni-leip-
zig.de) to establish the word frequency class,
which had been 13 on average in both target
groups.

Procedure

The procedure of the second experiment was
very similar to the first experiment. Presentation
rate of the memory list was 1200 ms per item and
the items had to be recalled later in correct serial

order. In the secondary task participants had to
read aloud the words and had to decide by keypress
whether the word consisted of one or two syllables.
Wrong reactions were followed by a synthetic tone.
Participants were instructed to perform the sec-
ondary task carefully. They received feedback on
their secondary task performance after every block
of 18 trials. Recall responses were written on an
answering sheet. Duration of this Experiment was
approximately 1.5 hours.

Results and discussion

The written answers were typed into a spreadsheet
with spelling corrected. A computer program
classified responses as correct in position, omis-
sion errors, transposition errors, as well as intru-
sions from the secondary task, from the previous
memory list, and from the previous secondary
task. The remaining errors were classified by two
independent raters as phonological errors (i.e.,
new words that were phonologically similar to the
correct words), semantic errors (new words
semantically similar to the correct ones), and a
rest category.

Total list recall accuracy was 62.1% (range
23.8-90.2%), with 59.26% of the targets and
64.75% of the control words correctly recalled. As
can be seen in Figure 2, the impairment of target
recall was not restricted to a special list position.
Ina2 x 5 ANOVA with the factors condition and
position the interaction was far from being sig-
nificant, F < 1. The main effect of condition was
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significant, F(1,17) = 9.94, MSe = 136.70, p < .01,
as well as the effect of position, F(4,68), MSe
=131.94, p < .001.

The main error types were omissions (63.08%
of all errors), followed by transpositions (13.68%),
phonological errors (7.67%), other errors (7.2%),
intrusions from the secondary list (4.01%),
semantic errors (2.07%), intrusions from the pre-
vious memory list (0.89%), and intrusions from
the previous secondary list (0.76%). For the
omissions the Wilcoxon test showed a significant
difference between targets and control words (Z =
—2.49, p < .05). No difference in transpositions
could be found, and no statistical analysis of the
other error types was possible because their
overall occurrence was less than 3%.

The comparison of performance on targets and
control words was dependent on the performance
of the two groups of participants. In particular, we
found that Group 1 (65.7% correct) was better
overall than Group 2 (58.3% correct). Moreover,
the subset of words defined as targets for Group 1
was recalled better than the subset defined as
targets for Group 2. As a consequence, there was a
marginal interaction between group and condi-
tion, F(1,16) = 3.80, p = .069, such that the dif-
ference between target and control items was
present in Group 2 but not in Group 1. This is
probably due to unfortunate sampling errors with
both participants and target words, but is a
disquieting finding nonetheless. We therefore
decided to repeat Experiment 2.

EXPERIMENT 3

In Experiment 3 we rearranged the assignment of
targets (and their associated secondary tasks) to
groups, in using the performance scores from
Experiment 2 to build two new subsets of targets
and secondary task sets.

Method

Participants

A total of 30 students of the University of Pots-
dam participated. They received course credit or
10 Euro for participation.

Materials and procedure

The materials and procedure were identical to
Experiment 2, except that the assignment of tar-
gets to groups of participants was rearranged. The

difficulty of target subsets were now similar, as
measured by the performance in Experiment 2,
with 59.88 % and 58.64% correctly recalled tar-
gets, and 65.31% and 63.20% correctly recalled
control words.

Results

Again targets (60.41% recalled correctly) were
recalled less well than controls (62.56%). The
ANOVA of condition (target versus control) and
position (5) revealed a weak effect of condition,
which was significant by one-tailed test, F(1,29) =
3.98, MSe = 87.04, p < .03, and an effect of posi-
tion, F(4,116) = 12.02, MSe = 247.89, p < .001. The
interaction was far from significant (F < 1).

Again the main error types were omissions
(62.92% of all errors), followed by transpositions
(16.10%), phonological errors (6.86%), other
errors (5.68%), semantic errors (4.35%), intru-
sions from the secondary list (2.76%), intrusions
from the previous memory list (0.84%), and from
the previous secondary list (0.51%). The Wil-
coxon test yielded no significant differences
between targets and controls for any of the indi-
vidual error types. Thus, the overall difference
between targets and control words could not be
attributed to a specific kind of error.

GENERAL DISCUSSION

Our goal was to discriminate two possible sources
of phonological interference, namely confusion of
items and feature overwriting. By means of a
subtle manipulation of between-list similarity we
were able to distinguish these two hypotheses.
The confusion hypothesis would predict, if any-
thing, only an increased number of intrusions
from the secondary task. The overwriting
hypothesis, in contrast, predicts that the repre-
sentation of targets would be degraded through
the processing of the secondary list more than
that of control words, and this would lead to an
unspecific increase of error rate, becoming man-
ifest in various kinds of errors. Considering all
three experiments together, there was a small but
consistent difference in recall accuracy between
target and control items. This reflects an increase
of interference from the secondary task for words
having higher feature overlap with the material
used in the secondary task. The effect was not
specific to intrusion errors. In Experiment 1 the
effect of phonemic overlap was due to partial



errors and omissions. In Experiment 2 the effect
could be attributed to omissions only, whereas no
analysis of specific errors yielded a significant
difference in the last experiment. Thus, we con-
clude that overwriting of phonological features
contributes to similarity-based interference in
verbal short-term memory.

The models of Page and Norris (1998), Burgess
and Hitch (1999), and the feature model of Nairne
(1990) and Neath (2000) offer different predic-
tions regarding our experiments. The model of
Page and Norris (1998) predicts that there should
be hardly any similarity effect at all, because the
pairwise similarity between the target and each of
the words in the secondary list was rather low. The
secondary list items were only weak recall candi-
dates, thus the secondary items should not often
be confused with the target. This assumption is
supported by the low overall proportion of intru-
sions from the secondary task sets.

In the model of Burgess and Hitch (1999)
phonological similarity within a memory list
would increase the confusion of these items, and
errors will increase. With increased between-list
similarity the opposite should happen. The
encoding of additional items sharing the features
of one memory item should reactivate these fea-
tures, leading to an increased performance on this
item. Our findings do not support the prediction
of feature reactivation.

The experiments support the hypothesis of
feature overwriting, which is the main process
regarded as responsible for retroactive
interference in the feature model of Nairne
(1990) and Neath (2000). This interpretation,
however, requires relaxing a constraint in the
feature model, which we regard as theoretically
unmotivated: Overwriting can explain the pre-
sent data only if we assume that new items
tend to overwrite identical features in all pre-
vious items held in working memory, not just
the item encoded immediately before. Over-
writing of only the immediately antecedent
item would predict that our effect be restricted
to the last list position, which was not what we
observed.

There is one argument indicating that caution is
advisable considering our interpretation. Confu-
sion of a memory item and a secondary list item
need not result in an intrusion error. In principle,
response competition could result in none of the
competitors being output, leading to an omission
error. Actual confusions of whole items in the
output, however, are quite prevalent in serial
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recall, in particular confusions of similar items
(Henson et al., 1996). Confusion certainly is a
factor contributing strongly to effects of similarity
within lists. The advantage of our design is that
confusions are largely blocked, probably because
people can well discriminate the two lists, as evi-
denced by the low overall proportion of intrusion
errors.” This made it easier for us to detect the
relatively small contribution of other factors of
similarity-based interference over and above
confusion of entire items.

To conclude, the present experiments support
the hypothesis of retroactive interference through
overwriting of distributed memory representa-
tions. They confirm a prediction of the feature
model of Nairne (1990) and Neath (2000),
whereas localist models like that of Page and
Norris (1998) or the model of cumulative activa-
tion of Burgess and Hitch (1999) have difficulty
explaining the results.

REFERENCES

Burgess, N., & Hitch, G. J. (1999). Memory for serial
order: A network model of the phonological loop
and its timing. Psychological Review, 106, 551-581.

Conrad, R. (1964). Acoustic confusions in immediate
memory. British Journal of Psychology, 55, 75-84.

Henson, R. N. A., Norris, D. G., Page, M. P. A, &
Baddeley, A. D. (1996). Unchained memory: Error
pattern rules out chaining models of immediate
serial recall. The Quarterly Journal of Experimental
Psychology, 49A, 80-115.

Nairne, J. S. (1990). A feature model of immediate
memory. Memory & Cognition, 18, 251-269.

Neath, I. (2000). Modeling the effects of irrelevant
speech on memory. Psychonomic Bulletin & Review,
7,403-423.

Page, M. P. A., & Norris, D. (1998). The primacy model:
A new model of immediate serial recall. Psycholo-
gical Review, 105, 761-781.

Posner, M. J., & Konick, A. F. (1966). On the role of
interference in short-term retention. Journal of
Experimental Psychology, 72, 221-231.

Tehan, G., & Humphreys, M. S. (1998). Creating
proactive interference in immediate recall: Building
a DOG from a DART, a MOP, and a FIG. Memory
& Cognition, 26, 477-489.

Wickelgren, W. A. (1965). Short-term memory for
phonemically similar lists. The American Journal of
Psychology, 78, 567-574.

Wiese, R. (1996). The phonology of German. New
York: Oxford University Press Inc.

3 As one reviewer pointed out, the fact that the second list
was read aloud may have made it easier to discriminate
between the lists as sources for potential recall candidates.



