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REGULAR ARTICLE

Misspoken words affect the perception and retrieval of intended words
Hossein Karimia, Michele Diazb and Fernanda Ferreirac

aDepartment of Psychology, Mississippi State University, MS , USA; bDepartment of Psychology, The Pennsylvania State University, PA , USA;
cDepartment of Psychology, University of California, Davis, CA, USA

ABSTRACT
Everyday speech contains disfluencies, including unintentionally spoken words. What is the fate of
the misspoken word in the comprehender’s memory? In this study, we asked whether: (1) the
gender of misspoken words lingers and affects how the intended word is perceived, and (2)
whether and how lingering representations can cause interference during the retrieval of the
intended word. In two experiments, participants provided spoken responses to given prompts. In
Experiment 1, participants used masculine or feminine pronouns to refer to gender-neutral
words (passenger) depending on the gender of a preceding misspoken word (pilot or
stewardess), suggesting that the gender of reparanda lingers. Experiment 2 showed that the
presence of a misspoken word resulted in a reduction of pronominal reference to the intended
word, suggesting that the misspoken word causes interference when the intended word is being
retrieved by functioning as an additional discourse entity.
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Introduction

Human speech is not perfect. It is estimated that 6–10%
of daily speech that we encounter contains some sort of
disfluency, including repetitions (e.g. The… the ladle),
filled pauses (uh, um… the ladle) and self-repairs (The
bowl, uh I mean, the ladle; Bortfeld et al., 2001; Fox
Tree, 1995). Disfluencies might seem like nothing more
than nuisance material that should be ignored or sup-
pressed by comprehenders. However, numerous
studies have shown that disfluencies do in fact
influence the processing of subsequent linguistic infor-
mation (e.g. Arnold et al., 2003, 2007b, 2004; Bailey & Fer-
reira, 2003; Barr & Seyfeddinipur, 2010; Brennan &
Schober, 2001; Christianson et al., 2001; Corley, 2010;
Corley et al., 2007; Engelhardt et al., 2010; Ferreira
et al., 2004; Kidd et al., 2011; Lau & Ferreira, 2005;
Lowder & Ferreira, 2016; MacGregor et al., 2010;
Maxfield et al., 2009).

Despite the large number of studies investigating the
role of disfluencies in language processing, little research
has been carried out to understand the effect of disfluen-
cies on subsequent language production in general, and
reference production in particular. In this study, we focus
on self-repairs as a way to investigate whether the
gender of misspoken words lingers in memory and,
also whether lingering representations could influence
subsequent reference to the intended word. In a self-
repair disfluency, a word that has been unintentionally

spoken (i.e. the misspoken word) is replaced with the
word that was intended. For example, in The little girl
handed the bowl, uh I mean, the ladle to her mother, the
noun phrase bowl would be the misspoken word and
ladle would be the intended word. We will henceforth
refer to the misspoken word as the “reparandum” and
to the intended word as the “repair”, as this is the estab-
lished terminology used in disfluency research (Levelt &
Cutler, 1983; Lowder & Ferreira, 2016; Karimi et al., 2019).
Self-repair disfluencies sometimes contain an “editing
term” indicating that the word just spoken was not
intended and is going to be corrected. In the example
above, uh I mean would be the editing term.

One interesting question regarding the processing of
self-repair disfluencies is the fate of the reparandum in
the comprehender’s representation of the utterance.
Specifically, is the reparandum erased from memory, or
does it (or at least some features of it) linger? If the repar-
andum is completely deleted from the memory rep-
resentation of the sentence or discourse, it should have
little or no influence on how subsequent linguistic
material is processed. In contrast, if it lingers, later pro-
cessing should be affected by its presence (and its prop-
erties). In support of the second view, Ferreira et al.
(2004) and Lau and Ferreira (2005) employed grammati-
cality judgement tasks and demonstrated that the syn-
tactic properties of a reparandum linger in working
memory and influence how the repair is processed.
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However, these results leave some important questions
unanswered: (1) Do semantic properties of misspoken
words such as gender also linger, and affect how the
repair is perceived in terms of its gender? (2) Could lin-
gering representations cause interference during the
retrieval of the repair? And if yes, how does such interfer-
ence take place? In addition, it is possible that because
grammaticality judgment tasks emphasise well-formed-
ness, any inconsistency in syntactic features from repar-
andum to repair is more likely to be noticed by
participants (even at a conscious level), increasing the
probability that the features of the reparandum remain
in memory. To the best of our knowledge, no previous
studies have made use of an implicit processing task.
Below, we discuss how the form of referring expressions
during language production serves as an ideal tool to
examine these questions.

Referential processing as a measure to
investigate the accessibility of repairs

Referential processing occurs when speakers use a lin-
guistic form to refer to entities from a previous part of
the sentence or discourse. For example, after hearing
Susan went shopping with John yesterday, reference
could be made to either Susan or John, and the referring
expression could be either a pronoun (he or she) or a
repeated noun (Susan or John). Crucially, making refer-
ence necessarily involves retrieving the memory rep-
resentation associated with the referent (i.e. the word
that is referred to; Lucas et al., 1990; MacDonald & Mac-
Whinney, 1990), and therefore provides a reasonable
testing ground for subsequent retrieval of previously
encoded words.

A number of findings regarding the production of
different forms of referring expressions are relevant to
the present study and we will therefore briefly discuss
them here. Perhaps the most important finding pertains
to the relationship between ease of memory retrieval (i.e.
accessibility)1 and form of reference. Numerous studies
have shown that referential candidates that are highly
accessible inmemory tend to be referred towith pronouns
(e.g. she) rather than repeated nouns (e.g. Susan, Arnold,
2001; Brennan, 1995; Fletcher, 1984; Fukumura & Van
Gompel, 2010a, 2011; Gordon et al., 1993; Grosz et al.,
1995; Gundel et al., 1993; Karimi et al., 2014; Stevenson
et al., 1994). For example, replicating numerous prior
findings, Fukumura and Van Gompel (2010a) showed
that the syntactic subject of a preceding sentence is signifi-
cantlymore likely to be realisedwith a pronoun rather than
a repeated noun. Moreover, Karimi et al. (2014) found that
speakers are more likely to refer to a referential candidate
with a pronoun rather than a repeated noun if that

referential candidate is semantically richer than a competi-
tor. Fukumura and Van Gompel (2011) additionally found
that animate referential candidates are more likely to be
referred to with a pronoun rather than a repeated noun
compared with inanimate referential candidates. Since
syntactic prominence, semantic richness, and animacy
have all been shown to increase accessibility in memory
(Syntactic prominence: e.g. Bock & Warren, 1985; Grosz
et al., 1995; Gundel et al., 1993, Semantic richness: e.g. Hof-
meister, 2011; Hofmeister & Vasishth, 2014; Troyer et al.,
2016; see also Almor, 1999; 2004, Animcay: e.g. Bock,
1982; Bock et al., 1992; Branigan et al., 2008; Keil, 1979),
these results could be interpreted as a general tendency
to use attenuated referring expressions to refer to highly
activated referential candidates.

Another related finding is that people tend to use
fewer pronouns than repeated nouns to refer to either
of two referential candidates that have the same
gender rather than different genders, an effect that is
attributed to semantic interference between the poten-
tial referents (Arnold & Griffin, 2007a; Fukumura et al.,
2013). We will henceforth refer to this effect as the
“semantic interference effect”. Semantic interference is
assumed to reduce memory activation and therefore
pronominal reference. For instance, Arnold and Griffin
(2007a) presented participants with cartoon panels con-
taining two characters who were either of the same
gender or who had different genders. The participants
then had to describe a following cartoon panel in
which the referential characters were involved in a
different action. The results showed that pronominal
reference to either of the referential characters
dropped as a function of gender-congruence between
the two referential candidates. These results were later
replicated by Fukumura et al. (2013) in Finnish where
pronouns are not gender-marked, suggesting that the
semantic interference effect primarily occurs at a con-
ceptual (rather than at the linguistic) level.

A final related finding is that the presence of
additional referential characters leads to fewer pronom-
inal references to the referent regardless of gender con-
gruence (Arnold & Griffin, 2007a; Fukumura et al., 2010b).
For instance, previous studies have demonstrated that
the presence of linguistic (Arnold & Griffin, 2007a) or
visual (Fukumura et al., 2010b) referential competitors
results in less pronominal reference to the referent.
This finding is explained by arguing that when there is
an additional referential character, the overall memory
activation is distributed over more referential candidates
and thus less activation is necessarily left for the referent,
which in turn leads to a reduction in pronominal refer-
ence (see Arnold & Griffin, 2007a). We will henceforth
refer to this effect as the “additional character effect”.

2 H. KARIMI ET AL.



Thus, form of reference to referential candidates can
be used as a measure to assess the accessibility (i.e.
ease of retrieval) of memory representations. More acti-
vated memory representations are retrieved from
memory more easily, which then manifests itself as
more attenuated referring expressions (such as pro-
nouns) for the associated representations. Conversely,
the accessibility (i.e. retrieval ease) of less activated rep-
resentations is low, which increases the probability of
using more elaborated referring expressions (such as
repeated nouns) to refer to the associated represen-
tations. This inverse relationship between memory acti-
vation and forms of referring expressions might be
because highly activated referential candidates need
less linguistic signal to be retrieved a second time by
comprehenders, and vice versa (Gordon et al., 1993;
see also Jaeger, 2010).

The present study

Using two sentence continuation experiments, this study
aims to answer two questions: (1) Does the gender of
misspoken words linger, and affect how the repair is per-
ceived? (2) Does the lingering representation of the
reparandum cause interference during the retrieval of
the repair? And if yes, what is the mechanism underlying
such interference?

In both experiments, participants heard prompt sen-
tences containing a reparandum and a repair and then
provided a spoken response in which they could make
reference to the repair. Thus, the task necessarily
involved an initial encoding of both the reparandum
and the repair into working memory during the proces-
sing of the prompt sentences, and retrieval of the rep-
resentation associated with the repair during the
formulation of the response (i.e. if and when reference
was made to the repair). If the gender of the reparandum
lingers, the perception of the repair (in terms of its
gender) should vary based on the gender of the reparan-
dum (Experiment 1). Similarly, if the lingering represen-
tation of the reparandum can interfere with the
retrieval of the repair, we should observe a tendency
to use fewer pronouns to refer to the repair when a
reparandum exists compared to when it does not (Exper-
iment 2).

Experiment 1

In this experiment, participants were auditorily pre-
sented with context scenarios such as (1) in which a
gender-neutral word (passenger) was introduced. Then,
in the following question, this gender-neutral word was
either presented alone (2a), or was turned into a repair

by introducing a reparandum into the discourse. Cru-
cially, this reparandum was definitionally or stereotypi-
cally either male (pilot, 2b) or female (stewardess, 2c).2

(1) Context: Imagine there is a passenger flying on an old
airplane, and suddenly there is some big, scary
turbulence.

(2)
(a) No Reparandum (Baseline): What do you think

this passenger should do?
(b) Male Reparandum: What do you think this pilot

uh I mean passenger should do?
(c) Female Reparandum: What do you think this

stewardess uh I mean passenger should do?

Participants had to produce a spoken response to the
questions, and we measured whether they referred to
the gender-neutral word with a masculine (he, him, his,
himself) or feminine pronoun (she, her, hers, herself) any-
where in their responses. If the gender of the reparan-
dum lingers, and if the lingering representation of the
reparandum can interfere with the retrieval of the
repair, we should observe variations in form of reference
as a function of the gender of the reparandum. Specifi-
cally, since generating a referential expression during
the production of the response requires retrieval of the
memory representation associated with the referent (in
this case the repair), if the gender feature of the reparan-
dum lingers in working memory, participants should
have some tendency to refer to the gender-neutral
repair as feminine or masculine depending on the
gender of the reparandum. Specifically, participants
should refer to the gender-neutral word using more mas-
culine pronouns following (2b) than (2a). Similarly, they
should refer to the gender-neutral word using more fem-
inine pronouns following (2c) than (2a).3

Method

Participants

Fifty-four undergraduate students from the participant
pool of University of California, Davis took part in the
experiment in exchange for course credit. They were all
native speakers of English and reported no hearing or
language-related disorders.

Materials

We created 54 experimental items such as (1) and (2).
However, we later removed one item from our analyses
because we realised that most of our participants did

LANGUAGE, COGNITION AND NEUROSCIENCE 3



not know the meaning of the reparandum in that item
(i.e. “spinster”; see Supplementary material for a list of
all stimuli used in this experiment). We also created 32
filler items similar in format (e.g. Imagine you learn that
one of the members of a team has not done any of the
work on an important class project. How would you deal
with this slacking group member?). Some fillers intro-
duced non-human characters and some contained disfl-
uencies affecting different parts of the question (e.g. on
the verb).

The critical items and fillers were recorded at a normal
speech rate by a research assistant who was blind to the
purposes of the study (after practicing being disfluent)
and were distributed across three lists such that each
list contained only one version of each experimental
item. The experiment was programmed in PsychoPy
v1.83.03 which presented the questions and recorded
the participants’ responses. To reduce distractions
during the experiment, the sentences were presented
to the participants through a pair of headphones. Partici-
pants were initially told that the experiment was an
“opinion survey” to avoid bias in their responses.
However, they were informed about the manipulation
after completing the study.

Procedure

The participants were tested individually and were
seated in front of a computer screen. The instructions
stated that they would be presented with an opinion
survey and that they had to speak their opinions into a
microphone. They were also asked to try to limit their
responses to only one complete sentence, but it would
also be fine if they produced additional sentences. To
ensure that the speech was reasonably spontaneous,
the participants were encouraged to start speaking as
soon as a response came to mind.

Each trial started with a press of the spacebar, which
would play the context sentence followed by the ques-
tion, during which time the screen was empty. As soon
as the question was over, a “Speak” prompt appeared
on the screen, indicating that the participants could
start speaking their responses. They had unlimited time
to speak; once they were done, they pressed the “s”
button on the keyboard to stop recording. The instruc-
tions emphasised that they should make sure to press
the “s” button only after they were completely done
with their response. After pressing “s”, a prompt saying
“Press spacebar to hear the next question” appeared
on the screen, and by pressing the spacebar, the next
trial began.

Before the experiment, each participant went through
three practice items to get accustomed to the

experiment. The experiment took approximately 50
minutes to complete and participants were allowed to
take a break whenever they wished.

Coding and statistical analyses

We performed two separate and independent analyses.
In the “Gender Interpretation” analysis, our measure
was the gender of the gender-neutral word (male vs.
female) as revealed by any type of pronoun used in the
responses. For this analysis, we looked at the responses
in their entirety (i.e. all the produced sentences if there
were multiple sentences) and coded them for any
pronoun type that revealed a gender for the gender-
neutral word. Specifically, we coded subject pronouns
(he or she), object pronouns (him or her), possessive pro-
nouns (his, her and hers) and reflexive pronouns (himself
and herself) in the responses.4 Responses were excluded
if they: (1) Contained collective pronouns (they) or coor-
dinated singular pronouns (he or she, his or her, his or
hers, himself or herself), (2) were simple repeats of the
gender-neutral repair (the passenger) instead of a
pronoun, and (3) were ambiguous with respect to the
gender of the neutral noun (e.g. Stay calm and follow
the crew’s instructions). Participants used gender-neutral
references (they, them, their, theirs, he or she, his or her,
his or hers) and repeated nouns (the passenger) overwhel-
mingly. Plus, some participants stopped recording their
responses before starting to speak in some trials. After
applying the exclusion criteria, we were left with 616
analysable data points (21.5% of the total data) for this
analysis.5 We ran logit mixed-effects regression models
(Baayen et al., 2008; Jaeger, 2008) predicting gender of
the neutral word as a function of the gender of the pre-
ceding reparandum (No Reparandum vs. Female Repar-
andum vs. Male Reparandum).

For the “Form of Reference” analysis, we looked only
at the first sentences in the responses and coded
whether the gender-neutral word was referred to with
a pronoun (he or she) regardless of its gender, or a
repeated noun (passenger). For this analysis, we
focused only on subject pronouns (he or she) and elimi-
nated any non-subject pronouns (his, her, hers), as this is
the standard practice in sentence continuation para-
digms investigating pronominal reference (e.g. Arnold,
2001; Fukumura et al., 2013; Fukumura & Van Gompel,
2010a, 2011; Stevenson et al., 1994, among many
others). In other words, we only coded whether the syn-
tactic subject of responses was a subject pronoun (he or
she) or a subject repeated noun (the passenger). Continu-
ations were excluded from the data if: (1) The syntactic
subject did not refer to the target (gender-neutral)
word (e.g. Everybody should keep calm.), (2) the syntactic
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subject was not the first-mentioned noun phrase in the
continuation (e.g. If the turbulence is too bad, the passen-
ger is allowed to panic.), and (3) the response was not a
new and complete sentence (e.g.… try to keep calm).
After applying the exclusion criteria, we were left with
2056 data points (71.8% of the total data) for the final
analysis. Overall, participants used 1799 subject repeated
nouns and only 257 subject pronouns to refer to the
gender-neutral word.

For this analysis, too, we used logit mixed-models to
predict form of reference to the gender- neutral word
(pronoun vs. repeated noun) as a function of the pres-
ence of a reparandum (Male Reparandum + Female
Reparandum vs. No Reparandum). Note that we col-
lapsed over Male and Female Reparandum conditions
for this analysis because we wanted to examine
whether the very presence of reparandum, regardless
of its gender, would complicate the subsequent retrieval
of the memory representation associated with the repair
and would, therefore, reduce pronominal reference to
the repair.

Following Bates et al. (2015), we always fitted parsi-
monious random-effects structure for both “Gender
Interpretation” as well as “Form of Reference” analyses
(cf. Barr et al., 2013). That is, we systematically increased
the complexity of the random-effects structure starting
from the intercepts-only models and moving to the full
random effects structure (Barr et al., 2013), keeping
only the random components whose inclusion signifi-
cantly improved the model fit, and minimised the AIC
(Akaike Information Criterion) value. Based on Bates
et al., (2015), such parsimonious models avoid overpara-
metrisation or false convergence.

Results & discussion

Gender interpretation analysis

Figure 1 shows the percentage of masculine interpret-
ations of the gender-neutral referential candidate
(number of masculine interpretations / total number of
both masculine and feminine interpretations) in the
three critical conditions. Male interpretations of the
gender-neutral referential candidate are shown in blue,
and female interpretations are shown in red. As can be
seen in Figure 1, there is a strong bias to use male pro-
nouns for the neutral word in the baseline condition
(177 masculine pronouns out of 207 total gendered pro-
nouns, yielding 85.5%, and 30 feminine pronouns out of
207 total gendered pronouns, yielding 14.5%). Critically,
however, this bias drops when the gender-neutral
word is preceded by a female reparandum (111 mascu-
line pronouns out a total of 192 gendered pronouns,

i.e. 57.8%, and 81 feminine pronouns out a total of 192
gendered pronouns, i.e. 42.2%) and slightly increases
when the reparandum refers to a male (191 masculine
pronouns out of a total of 217 gendered pronouns,
leading to 88%, and 26 feminine pronouns out of a
total of 217 gendered pronouns, leading to 12%).

Table 1 reports the results of our regression models on
the data. The random effects for both models included
random intercepts for both subjects and items, as well
as by-items random slopes for the effect of Condition,
and the fixed effect for the models was Condition (we
simply changed the reference condition in the two
models to compare all three conditions). As can be
seen from Table 1, the tendency to interpret the
gender-neutral word as a male word significantly
dropped when it was preceded by a female reparandum
compared to when it occurred alone. However, male
interpretation of the neutral noun did not statistically
differ between the Male Reparandum and the No Repar-
andum conditions. Finally, the probability of interpreting
the gender-neutral word as male was significantly
greater in the Male Reparandum condition than in the
Female Reparandum condition. Note that the intercept
in the first model (“Comparison of Male & Female Repar-
andum with No Reparandum”) denotes that the prob-
ability of using a masculine or feminine pronoun was
significantly different from chance (i.e. 50%) in the refer-
ence (i.e. No Reparandum) condition. Similarly, because
the reference condition in the second model (“Compari-
son of Male & Female Reparandum”) was Feminine
Reparandum, the intercept in this model suggests that
the probability of using masculine and feminine
pronoun was not reliably different from chance in the
Feminine Reparandum condition.

These results clearly suggest that the gender of the
reparandum lingers in memory even during an implicit,
language production task, and influences how the
repair is perceived in terms of gender. When the
pronoun referring to the repair was being formulated,
the features of the previously encoded reparandum
(including its gender) were likely still active in memory,
causing the gender of the subsequently produced pro-
nouns to be consistent with the gender of the reparan-
dum. The gender-interpretation results extend previous
findings on lingering representations of disfluent words
reported by Ferreira and colleagues (Ferreira et al.,
2004; Lau & Ferreira, 2005) to gender information and
also to implicit, language production tasks.

Interestingly, although participants avoided using
singular gendered pronouns to the gender-neutral
repairs in the vast majority of trials (see above), they
showed a bias towards using masculine pronouns when-
ever they used a singular pronoun in the baseline
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condition. This bias might arise from general stereotypes
concerning gender roles and is consistent with research
findings suggesting that people have a bias in favour of
masculine references in their language production when
both masculine and feminine pronouns are viable (e.g.
von der Malsburg et al., 2018). Importantly, this bias in
favour of male interpretations in the baseline condition
could be the reason why we did not observe a difference
between the Male Reparandum and the Baseline con-
dition: Masculine pronoun use might have already
been at ceiling in the Male Reparandum condition, as
suggested by the finding that 85% of pronouns were
masculine in the baseline, No-Reparandum condition.

One potential concern about these results is that
some of the repairs might have been treated by subjects
not as error repairs in which the speaker mislabeled a

particular individual and then produced a correction,
but rather as appropriateness repairs (Levelt & Cutler,
1983), in which a speaker simply shifted from a less
optimal to a more optimal description of the same indi-
vidual. For example, in one of our critical items the
anchorman, uh I mean, the news reporter, the repair
might represent a shift to a different description, as an
anchorman can also be a news reporter. Crucially, if the
repairs were interpreted as appropriateness errors, the
gender consistency between the gender-neutral repair
and the reparandum is not surprising because the
gender of the repair is already revealed by the reparan-
dum. To exclude this possibility, we repeated the same
analyses on a subset of items which were clearly error
repairs in both the Male and the Female Reparandum
conditions (there were 29 such items, identified with
an asterisk in Supplementary material). Due to the loss
of data, the full models did not converge for these ana-
lyses, and we, therefore, had to drop the random
slopes and keep only the random intercepts. Importantly,
we observed no differences in the results between these
analyses and those on the full data. The frequency of
masculine interpretations out of the total number of gen-
dered interpretations in the No Reparandum, Female
Reparandum and Male Reparandum conditions were
95 out of 111 = 85.6%, 66 out of 105 = 62.9%, and 108
out of 121 = 89.3%, respectively. Statistical analyses
showed that the probability of interpreting the gender-
neutral word as masculine was significantly greater in
the Baseline than in the Female Reparandum condition

Figure 1. The gender interpretation of the gender-neutral word as a function of the gender of the reparandum. Experiment 1. Error bars
denote standard errors of the mean.

Table 1. The results for the Gender Interpretation analysis.
Experiment 1.
Comparison/
Predictor β SE z p Random effects

(1). Comparison of Male & Female Reparandum with
No Reparandum.

Intercept 3.28 0.90 3.64 <.001 (1 subject) +(1
+Condition item)Female vs. No

Reparandum
−2.80 0.88 −3.17 .001

Male vs. No
Reparandum

0.05 1.04 0.04 0.96

(2). Comparison of Male & Female Reparandum.
Intercept 0.48 0.48 0.99 0.32 (1 subject) +(1

+Condition item)Male vs. Female
Reparandum

2.85 0.74 3.87 <.001
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(β =−1.88, SE = .47, z =−3.95, p = < .001), significantly
greater in the Male Reparandum condition than in the
Female Reparandum condition (β = 2.34, SE = .49, z =
4.71, p = < .001), and did not differ between the Male
Reparandum and No Reparandum conditions (β = .46,
SE = .50, z = .91, p = < .35).

Form of reference analysis
Apart from the gender of the pronouns, the form of the
referring expressions that were used to refer to the
repair (i.e. pronouns vs. repeated nouns, regardless of
the gender of the pronouns) would reveal whether the
reparandum lingers in memory and influences how the
repair is processed. This is because if the reparandum
lingers in memory, it should necessarily produce interfer-
ence when the repair is being retrieved, leading to less
pronominal reference to the repair (due to the semantic
interference effect, discussed above). We also analysed
form of reference to the gender-neutral word (pronoun
vs. repeated noun) as a function of the presence of a
reparandum. As mentioned above, we collapsed over
the Male and Female Reparandum conditions, and our
dependent variable was whether the syntactic subject
of the responses was a subject pronoun (he or she) or a
repeated noun (the passenger). The fixed effect was Con-
dition (Male/Female Reparandum vs. No Reparandum),
and the random effects included random intercepts for
both subjects and items, as well as by-subjects and by-
items random slopes for the effect of Condition. In the
No Reparandum (baseline) condition, the participants
used 85 subject pronouns out of a total of 701 pronouns
and repeated nouns (12.1%), and in the average of the
Male and Female Reparandum conditions, they used
172 subject pronouns out a total of 1355 pronouns and
repeated nouns (12.7%) to refer to the gender-neutral
repair. Mixed-effects regression models revealed no
significant effect of the presence of a reparandum
on form of reference to the repair (β =−0.41, SE = 0.48,
z =−0.85, p = .39).6 We did not find any significant differ-
ences between the baseline condition and any of the
reparandum conditions either (Female vs. No Reparan-
dum: β =−0.23, SE = 0.43, z =−0.55, p = 0.58; Male vs.
No Reparandum: β =−0.28, SE = 0.44, z =−0.64, p =
0.52).7

This pattern of results suggests that the presence of a
reparandum did not cause interference during the retrie-
val of the repair, which runs counter to previous findings.
Specifically, the degree of sematic similarity between the
repair and the reparandum is necessarily greater when a
reparandum is present, which should have caused retrie-
val interference, lowering the memory activation of the
repair and leading to less pronoun use to refer to it
(The “semantic interference effect”; Arnold & Griffin,

2007a; Fukumura et al., 2013). This is because the
repair necessarily has some degree of similarity to the
reparandum when a reparandum exists (Male and
Female Reparandum conditions), but there can be no
semantic similarity between the repair and the reparan-
dum when there is no reparandum (the Baseline con-
dition). Moreover, the very presence of the reparandum
might have functioned as an additional character in
the discourse (at least temporarily) that lingered in
memory. To the extent that this is true, the reparandum
should have reduced the activation level of the repair,
lowering the probability of pronominal reference to it
(the “additional character effect"; Arnold & Griffin,
2007a; Fukumura et al., 2010b).

For the two reasons mentioned above, we should
have observed significantly less pronominal reference
to the repair when it was preceded by a reparandum
compared with when there was no reparandum.
However, such an effect might have been obscured in
Experiment 1 because the participants used an over-
whelming number of repeated nouns (as opposed to
subject pronouns) to refer to the gender-neutral word,
which greatly lowered variability in the dependent vari-
able. Importantly, we cannot tell from the results of this
experiment whether the large number of repeated
nouns was due to a tendency to avoid assigning a
gender to the gender-neutral repair, or by low activation
levels for the gender-neutral repair. To address this issue,
we conducted a second experiment.

Experiment 2

The results of the first experiment showed that the
gender of unintentionally spoken reparanda lingers in
the memory of the comprehender and influences how
a gender-neutral repair is interpreted; if the reparandum
is feminine, the probability of viewing the gender-neutral
word as female increases compared with when the repair
occurs alone. Likewise, if the reparandum is male, the
probability of interpreting the gender-neutral repair as
masculine reliably increases relative to when the repar-
andum is female. However, Experiment 1 leaves two
questions unanswered: First, although the results of the
first experiment provide evidence suggesting that repar-
anda linger in memory, they do not provide a clear
answer to the question of whether they cause interfer-
ence during the retrieval of the repair. Second, Exper-
iment 1 does not provide a clear response to how the
reparandum changes the perception of the repair. One
possibility is that once the repair is encountered, its prop-
erties are edited to match that of the reparandum, but
the reparandum itself is not added to the discourse
model as an additional character. That is, the edited

LANGUAGE, COGNITION AND NEUROSCIENCE 7



repair is the only discourse representation left from the
disfluency operation. A second possibility, however, is
that the reparandum functions as an additional discourse
entity, and influences the perception of the repair. If this
latter possibility is true, the reparandum should cause
interference during the retrieval of the repair, even if
the genders of reparandum and the repair match. More-
over, if the reparandum functions as an additional dis-
course character, it should not only affect the retrieval
ease of the repair, but also the reparandum should
affect how the repair is retrieved at a subsequent
point. Specifically, semantic similarity (between the
reparandum and the repair) should necessarily be
greater when there is a reparandum compared to
when the repair occurs alone. As such, if the reparandum
functions as an additional discourse character (as
opposed to producing an edited repair), there should
be more semantic interference, more retrieval difficulty
and therefore less pronominal reference to the repair
when a reparandum precedes it than when it does not
(i.e. the semantic interference effect, Arnold & Griffin,
2007a).

In Experiment 2, we capitalised on previous findings
concerning the form of reference (see Introduction)
and examined whether the presence of a reparandum
complicates the retrieval (accessibility) of the repair
when its gender matches that of a reparandum. If it
does, then it provides evidence supporting the possi-
bility that reparanda function as additional discourse
entities (as opposed to producing edited repairs). Exper-
iment 2 utilised sentences containing two referential
candidates (Julie and Robert) such as (3). The experimen-
tal manipulation was whether a gender-congruent repar-
andum (Mary) preceded the repair (Julie). Since the serial
position and the syntactic role of referential candidates
have been shown to have a considerable effect on
form of reference (e.g. Arnold, 2001; Fukumura & Van
Gompel, 2010a, 2011; Gordon et al., 1993; Gundel et al.,
1993; Karimi et al., 2014; Stevenson et al., 1994), and in
order to control for these effects, the repair was also
manipulated with regards to these variables, such that
it occurred both as the syntactic subject and the first-
mentioned word as well as the syntactic object and the
second-mentioned word of the sentences. In addition
to the repair, critical sentences contained a second refer-
ential candidate (Robert) that was not preceded by a
reparandum and would assume the role of the first- or
the second-mentioned word depending on the syntactic
role/serial position of the repair (Julie).8 To simplify the
design and the analyses, we labelled the referential can-
didate that always occurred alone (i.e. Robert in 3) as the
“competitor”, creating two Word Types: Repair (Julie) and
Competitor (Robert, see 3).

(3)

a. Fluent: Julierepair walked away from Robertcompetitor.
Robertcompetitor walked away from Julierepair.

b. Disfluent: Mary uh I mean Julierepair walked away from Robertcompetitor.
Robertcompetitor walked away from Mary uh I mean Julierepair.

Participants heard the prompt sentence and then pro-
vided a spoken continuation (they were free to say what-
ever they wished). If the lingering reparandum functions
as an additional discourse entity and causes interference
during the retrieval of the repair, there should be less
pronominal reference to the repair (Julie) when it is pre-
ceded by a reparandum (3b) than when it occurs alone
(3a), which could be due to a semantic interference
effect, or an additional character effect, or both (see
Introduction), but not due to edited repairs. This is
because if the repair is difficult to retrieve from
memory (i.e. is less accessible), there should be a prefer-
ence to refer to it with repeated nouns rather than pro-
nouns (see Introduction).

Method

Participants

108 undergraduate students from the participant pool of
University of California, Davis took part in the experiment
in exchange for course credit. All participants were native
speakers of American English and reported no hearing or
language-related disorders.

Materials

Forty-two experimental sentences containing two refer-
ential candidates were created. Each sentence had four
versions, as illustrated in (3). The first referential candi-
date was always the syntactic subject as well as the
first-mentioned noun phrase and the second referential
candidate was always the syntactic object and the
second-mentioned noun phrase. As mentioned above,
the serial position of the two referential candidates
(and thus their syntactic roles) was counterbalanced
to control for syntactic prominence effects. A gender-
congruent reparandum (Mary) preceded the same
referential candidate (Julie) in the two-word positions
to create a Fluency condition with two levels (Fluent
vs. Disfluent). A second referential candidate (the com-
petitor, Robert) was also included in all experimental
sentences. The gender of the second referential compe-
titor was always incongruent with those of the reparan-
dum and the repair. To add variety to the disfluent
stimuli, we used four different editing terms: “uh I
mean”, “oh no”, “sorry”, and “oops” (see Supplementary
material for the list of all stimuli used in this
experiment).
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Four experimental lists were created, each containing
one version of an experimental item. The experimental
sentences in each list were mixed with 40 fillers that also
contained two referential candidates. However, the
words in the fillers were not names but rather determi-
ner-noun combinations (e.g. the actor) and some of
them had a relative clause attached to them (e.g. the
actor who was frustrated and visibly upset). The fillers
were the experimental stimuli for an unrelated study
investigating the production of referring expressions.
The critical and the filler items were recorded by a
female native speaker of English who was blind to the
purpose of the experiment and who had practiced being
intentionally disfluent. The experiment was designed in
PsychoPy v1.83.03 which presented the stimuli and
recorded the participants’ continuations for later tran-
scription and analysis. As in Experiment 1, the sentences
were played to the participants through a pair of head-
phones to maximise focus during the experiment.

Procedure

The procedure for this experiment was identical to that
of Experiment 1, except that instead of answering ques-
tions, the participants were asked to come up with a
meaningful continuation to the sentence they had just
heard. They were also asked to produce “new and com-
plete” continuations, and to not “merely lengthen the
given sentence”, which was made clear with examples.
(Specifically, our prompt sentence in the instructions
was: “The carpet caught fire”. An example of “merely
lengthening” the given sentence was “and burned”,
and an example of a “new and complete” continuation
was “The owner was very upset”.).

Coding and statistical analyses

We analysed the effect of our manipulations on two
binomial dependent variables: “Choice of Referent”
coded which entity the participants talked about in
their continuations, and “Form of Reference” captured
whether the participants used a pronoun or a repeated
noun to refer to that entity. The exclusion criteria were
the same as those for the “Form of Reference” analysis
in Experiment 1, except that we did not discard collective
referring expressions such as They or Julie and Robert (see
below). Apart from applying the exclusion criteria,
additional data were excluded because participants
stopped the recording of their continuations too early,
resulting in a total of 1202 (26.5%) excluded data and
leaving us with 3334 analysable responses.

Analysis of the choice of referent was performed to
examine the effect of Fluency (Fluent vs. Disfluent, 3a

vs. 3b) on which referential candidate the participants
chose to talk about (the first- or the second-mentioned
word). Form of Reference analyses were further divided
into two analyses. In “Singular Form of Reference” analy-
sis, we compared the form of reference (pronoun vs.
repeated noun) to the repair (Julie) and the competitor
(Robert) as a function of Fluency (Fluent vs. Disfluent),
Word Type (Repair vs. Competitor), and their interaction
(see above). In the “Collective Reference” analysis, we
looked at collective reference to both referential candi-
dates, as a function of Fluency (3a vs. 3b). Collective refer-
ence could be made using a plural pronoun (They) or a
coordinated construction including both referential can-
didates (e.g. Robert and Julie), and we were interested in
the frequency of pronominal vs. coordinated collective
reference (They vs. Robert and Julie) as a function of
Fluency (Fluent vs. Disfluent), or the presence of a repar-
andum. Because pronouns reflect higher accessibility of
the associated referential candidates than repeated
nouns (see above), one would expect more pronominal
than coordinated collective reference for two highly
accessible referential candidates than for two referential
candidates that are less activated in memory.

For all analyses, we ran logit mixed-effects regression
models (Baayen et al., 2008; Jaeger, 2008). For the Choice
of Referent analysis, Fluency (Fluent vs. Disfluent) was
the predictor (which was always centred to the mean),
and choice of referent (first- vs. second-mentioned refer-
ential candidate) was the binomial outcome. In the
Singular Form of Reference analysis, mean-centred
Fluency (Fluent vs. Disfluent), mean-centred Word Type
(Repair vs. Competitor), and their interaction were the
predictors, and form of reference to either referential
candidate (pronoun vs. repeated noun) was the binomial
outcome. In the Collective Form of Reference analysis,
mean-centred Fluency (Fluent vs. Disfluent) was the pre-
dictor and collective form of reference (collective
pronoun vs. coordinated nouns) was the outcome.

As in Experiment 1, and in order to avoid over-parame-
trisation, we took a parsimonious approach towards the
random effects structures for our models by including
only the random components that significantly improved
modelfit (Batesetal.,2015,c.f.2013;seeabove).Wewillfirst
report the results for Choice of Referent analyses and then
report the results of Formof Reference analyses in relation
to the twooriginal questions thatmotivatedExperiment 2.

Results

Choice of referent analysis

We first analysed which referential candidate was talked
about in the continuations as a function of the presence
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of a reparandum in the given sentence. For this analysis,
we included random intercepts for both subjects and
items as well as by-subjects and by-items random
slopes for the effect of Fluency. As mentioned above,
the fixed effect was Fluency (Fluent vs. Disfluent).
Table 2 reports the raw frequencies as well as the per-
centages of reference to the first- and the second-men-
tioned referential candidates in the two critical
conditions and Table 3 reports the results of our ana-
lyses for choice of referent.9 The preference to talk
about the first-mentioned referential candidate was
reliably greater in the Disfluent than in the Fluent con-
dition, suggesting that the presence of a reparandum
strengthens the tendency to talk about the syntactically
more prominent referential candidate.

Form of reference analyses

Based on the hypotheses motivating this experiment, we
analysed form of reference to each referential candidate,
as well as collective reference to both referential candi-
dates. We report each analysis separately.10

Singular form of reference

We first analysed form of reference to the repair (Julie)
and the competitor (Robert) to see whether the retrieval
of any of these word types is more difficult as a function
of processing a reparandum. For this analysis, we com-
pared pronominal reference to the repair and the com-
petitor when there was a disfluency vs. when there was
no disfluency (i.e. pronominal reference to the two
Julies in 3a vs. pronominal reference to the two Julies in
3b; and pronominal reference to the two Roberts in 3a
vs. pronominal reference to the two Roberts in 3b). As
before, for this analysis, we included random intercepts
for both subjects and items, as well as by-subjects and
by-items random slopes for the effect of Fluency.
Figure 2 shows the proportions of pronominal reference
(blue) and repeated reference (yellow) to the repair and
the competitor when they are fluent and disfluent. As
can be seen in this figure, pronominal reference to the
repair is greater when it occurs alone (in the Fluent con-
dition) than when it is preceded by a reparandum (in the
Disfluent condition). However, the rate of the pronominal
reference to the competitor did not vary across the
Fluent and Disfluent conditions.

Table 4 reports the raw frequencies as well as the per-
centages of pronominal and repeated reference, and
Table 5 reports the results of our regression model pre-
dicting probability of pronominal reference as a function
of Fluency and Word Type. As can be seen in this table,
we observed a main effect of Fluency, with significantly
more overall pronominal reference (i.e. to both the
repair and the competitor) in the Fluent than in the
Disfluent condition. However, the effect Word Type was
not statistically significant. Importantly, we also observed
a significant interaction between Fluency and Word
Type. Follow-up simple analyses revealed that the
repair received significantly more pronominal reference
in the Fluent than in the Disfluent condition (see the
left grid of Figure 2), whereas pronominal reference to
the competitor did not reliably vary between the
Fluent and the Disfluent conditions.

A reduction in pronominal reference to the repair as a
function of the presence of a gender-congruent reparan-
dum is consistent with the findings of Arnold and Griffin
(2007a) and Fukumura et al. (2013), who showed that
gender congruence between two potential referents
reduces overall pronominal reference (i.e. to either refer-
ential candidate), presumably due to a semantic interfer-
ence effect, and also with the finding that additional
referential characters reduce the overall activation of
potential referents (Arnold & Griffin, 2007a; Fukumura
et al., 2010b). Note that the additional characters
account predicts that pronominal reference to the com-
petitor should be reduced too (Arnold & Griffin, 2007a).
However, we did not observe such an effect (but see
results for collective reference below). One potential
reason for lack of an effect on the competitor could be
that the reparandum causes more retrieval interference
for the repair than for the competitor. We will discuss
this possibility further in the General Discussion.

Collective form of reference

Because there was considerable collective reference to
the referential candidates (914 cases in total) through
the use of collective pronouns (they) or coordinated con-
structions (Julie and Robert or Robert and Julie), we also
examined the probability of collective reference to the
referential candidate (collective pronoun vs. coordinated
names) as a function of Fluency (Fluent vs. Disfluent). If
the presence of a reparandum reduces the overall

Table 2. Choice of reference biases. Experiment 2.
Condition/%Reference First-mentioned Second-mentioned

Fluent 33.7% (408) 66.3% (802)
Disfluent 38.2% (463) 61.8% (747)

Table 3. The results for Choice of Referent analyses. Experiment 2.
Predictor β SE z p Random effects

Intercept 0.69 0.18 3.81 <.001 (1+Fluency|subject) +(1+Fluency|
item)Fluency 0.34 0.16 2.15 0.03
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activation of both referential candidates, they both
should be more accessible in the Fluent than in the
Disfluent condition, leading to more collective pronom-
inal reference (They) rather than repeating both referen-
tial candidates (Julie and Robert) in the Fluent condition
than in the Disfluent condition. Once again, we included
random intercepts for both subjects and items, as well as
by-items random slopes for the effect of Fluency. Fluency
was the fixed effect. Figure 3 shows the proportions of
collective pronominal reference (they) and collective
coordinated reference (Julie and Robert) as a function
of Fluency, which clearly indicates a stronger preference
for pronominal collective reference when there was no
reparandum in the discourse than when there was one.

We ran a separate logit mixed-effects regression
model predicting form of collective reference as a func-
tion of Fluency. The results revealed significantly more
collective pronouns in the Fluent (89.6%, 398 collective
pronouns out of total of 444 collective pronouns and
coordinated reference) than in the Disfluent condition
(76.8%, 361 collective pronouns out of total of 470 collec-
tive pronouns and coordinated reference; β =−2.21, SE
= 0.44, z =−5.06, p < .001), lending further support to

the hypothesis that the memory representation associ-
ated with the reparandum causes interference and
reduces the accessibility of both referential candidates.
Similar to singular pronominal reference to either refer-
ential candidate, the results of collective reference ana-
lyses are also consistent with the possibility that the
reparandum functions as an additional discourse entity
and reduces the overall activation of discourse characters
(i.e. the “additional character effect”, Arnold & Griffin,
2007a; Fukumura et al., 2010b).

General discussion

This study investigated whether the representation of
sentence material not intended to be part of the
official content, in this case a reparandum, remains in
memory and influences subsequent language proces-
sing. The tool we used to examine this question was to
present subjects with a sentence prompt containing a
reparandum and a repair to which they then generated

Figure 2. Proportion of pronominal (yellow) and repeated (blue) reference to the repair (Julie) and the competitor (Robert) across the
Fluent and the Disfluent conditions in Experiment 2. Error bars denote standard errors of the mean.

Table 4. Form of reference biases. Experiment 2.
Condition/%Reference form Pronouns Repeated Nouns

Repair Fluent 33.3% (212) 66.6% (424)
Disfluent 25.1% (165) 74.9% (494)

Competitor Fluent 26.6% (153) 73.4% (421)
Disfluent 26.7% (147) 73.3% (404)

Table 5. The results for Form of Referent analyses. Experiment 2.
Predictor β SE z p Random effects

Intercept −2.05 0.39 −5.27 <.001 (1+Fleuncy
subject) + (1
+Fluency item)

Fluency −0.65 0.26 −2.52 0.01
Word Type −0.09 0.15 −0.64 0.52
Fluency × Word Type 0.61 0.29 2.12 0.03

Fluency effect for
Repair

−1.21 0.50 −2.41 0.02 Same as in main
model

Fluency effect for
Competitor

−0.34 0.51 −0.68 0.50 Same as in main
model
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a spoken response. Given that many such responses
would contain pronouns referring to the repair, this
task allowed us to examine our hypotheses by assessing
whether the pronoun had features in common with the
reparandum, in this case, gender marking (Experiment 1),
and also whether the activation level of the repair
dropped (due to interference) as function of having a
preceding reparandum (Experiment 2).

Experiment 1 demonstrated that the gender of the
reparandum lingers in working memory and influences
how the gender-neutral repair was interpreted: When
the reparandum was female, the gender-neutral repair
was interpreted as female, and when the reparandum
was male, the gender-neutral repair was more likely to
be interpreted as a male word compared to when the
reparandum was female. Thus, the picture painted by
the results of Experiment 1 is one in which the gender
of the reparandum lingers in memory and influences
how the repair is perceived in terms of its gender. In
Experiment 2, we investigated whether the presence of
a reparandum could cause interference and reduce the
accessibility of the memory representation associated
with the repair. We measured the probability of
pronoun use and found significantly less pronominal
reference to the repair and also less collective pronom-
inal reference to both discourse entities when the
repair was preceded by a reparandum, suggesting that
the reparandum’s effect on the perception and retrieval
of the repair is due to it functioning as an additional dis-
course character (rather than it producing an edited

repair, see above).Note that although the singular form
of reference results are also compatible with the seman-
tic interference effect, the reparandum must first be
present in the discourse model before it can cause
semantic interference.

A critical question that arises in the face of these data is
why reparanda should linger in memory in the first place.
One possibility is that, once encoded, the cognitive cost of
suppressing the representation associated with repar-
anda might be high, causing the associated represen-
tations to linger in memory. This is because suppressing
such representations necessarily requires some degree
of cognitive control such as inhibiting the representation
of the reparandum, or updating the contents of working
memory, or shifting attention and resources from the
reparandum to the repair (Miyake & Friedman, 2012). It
could be the case that executing such cognitive control
processes consumes computational resources, and so
the language processing system generally avoids them.

Another reason for lingering representations of repar-
anda could be that they may actually turn out to be
helpful for language processing. First, previous research
has demonstrated that reparanda are used to make pre-
dictions about the lexical identity of the repair. Lowder
and Ferreira (2016), for example, demonstrated that
after hearing a word like dog followed by an editing
term (uh I mean), people start to direct their gaze
towards the semantically more related competitor (cat)
before it is spoken. Thus, ignoring or removing the repar-
andum could in fact result in losing valuable information

Figure 3. Proportion of pronominal (yellow) and coordinated (blue) collective reference to the two discourse entities across the Fluent
and the Disfluent conditions in Experiment 2. Error bars denote standard errors of the mean.
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that would otherwise facilitate the processing of the
upcoming linguistic material. Second, it is possible that
reparanda could be used to make inferences about the
speaker and the intended message they are attempting
to convey. That is, the reparandum could reveal prag-
matic information about the characteristics of the
speaker and/or of the message, which could then be
used to facilitate language processing in particular as
well as interpersonal communication in general. This
idea is consistent with previous research showing that
the characteristics of the speaker are rapidly taken into
account by the listeners (Tesink et al., 2009; Van
Berkum et al., 2008; Yildirim et al., 2016; See also
Kleinschmidt & Jaeger, 2011), and also with theories of
language processing assuming that linguistic communi-
cation is a joint activity in which speakers and listeners
may base their messages upon what they know about
each other (Brennan & Clark, 1996; Goldman, 2006; Pick-
ering & Garrod, 2004; 2013). Translated to the current
study, it could be the case that the representation associ-
ated with the reparandum is needed to make such infer-
ences about the speaker. Based on this account, for
example, the results of Experiment 1 could be explained
by proposing that listeners could have inferred that if the
passenger was male, it would have been unlikely that the
speaker confused him with a female person such as a
stewardess. Such an inference then leads to the assump-
tion that the passenger would likely be a female. Note
that the “cognitive control” and the “usefulness”
accounts of lingering reparanda are not necessarily
mutually exclusive. Although it might be cognitively
more difficult to inhibit unwanted representations,
update the contents of working memory, or shift atten-
tion, the benefits of facilitated subsequent processing
may outweigh the cognitive costs, encouraging the
language processing system to “pay the cognitive
costs” in order to facilitate the processing of subsequent
information.

Our results are consistent with previous studies
showing that the syntactic properties and initial and
erroneous syntactic representations linger in memory
during explicit, grammaticality judgment tasks (Chris-
tianson et al., 2001; Ferreira et al., 2004; Lau & Ferreira,
2005). The current results extend those findings by
showing that the gender feature of reparanda lingers
too, and also that the lingering representation of the
reparandum interferes with the subsequent retrieval of
the repair by functioning as an additional character in
the current discourse representation. Our results from
Experiment 2 are also in line with research showing
that referential competitors that share their gender
with the referential target cause semantic interference
during the retrieval of the target, reducing the target’s

activation and therefore the probability of pronominal
reference to it (Arnold & Griffin, 2007a; Fukumura et al.,
2013). Because the reparandum in Experiment 2 always
had the same gender as the repair, and because our
results from Experiment 1 showed that the gender of
reparanda lingers, the lingering reparandum probably
functioned as an additional character (as opposed to pro-
ducing an edited repair) and increased semantic interfer-
ence during the retrieval of the repair, reducing its
activation level and therefore pronominal reference to
it. Moreover, the results of our analyses on overall
pronoun use and collective reference in Experiment 2
is consistent with previous studies showing the
additional referential characters reduce the activation
level of the target candidate, and therefore pronominal
reference to it. Specifically, because we know that rep-
resentation of the reparanda lingers in memory, the
disfluent sentences essentially always contained one
more discourse entity relative to the fluent sentences.
In other words, the lingering representation associated
with the reparandum likely functioned as an additional
character, causing the total activation level to be distrib-
uted over more discourse entities, and therefore redu-
cing the activation level for each individual entity
(Arnold & Griffin, 2007a; Fukumura et al., 2010b).

One potential alternative account of these results
might appeal to “communicative clarity”. The idea here
is that the reduced tendency to use pronouns in the
presence of a reparandum could be due to an effort on
the part of the speaker to reduce referential uncertainty
(i.e. to increase communicative clarity) when a third,
unintended referential candidate (i.e. the reparandum)
is also present in the discourse. This alternative expla-
nation is unlikely for two reasons, however: First,
because the reparandum and the repair were always of
the same gender (e.g. Mary uh I mean Julie), and
always of a different gender compared to the second
referential candidate (Robert), using a pronoun to refer
to the repair would be just as unambiguous and commu-
nicatively efficient as a repeated noun. The second weak-
ness of this argument is that any speaker taking
communicative clarity into consideration must first be
aware (consciously or unconsciously) that the represen-
tation of the reparandum might linger in the memory
representation formed by the listener.

Although our results from Experiment 2 provided evi-
dence in support of retrieval interference caused by the
presence of a reparandum, we did not observe less pro-
nominal reference to the repair when it was preceded by
a reparandum than not in Experiment 1. As mentioned
above, this could be because there was an overwhelming
use of repeated nouns (as opposed to pronouns) in this
experiment. The low variation in form of reference could
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have obscured potential effects and may have been a
strategy to avoid assigning a gender to the neutral
noun. Thus, variation in form of reference was perhaps
driven by both memory activation levels as well as a ten-
dency to avoid assigning a gender to the gender-neutral
word, making it difficult to draw any conclusions about
form of reference in Experiment 1. However, this
concern was addressed by the results of Experiment 2
where variations in form of reference was greater.

Additionally, in Experiment 2, we expected to observe
less pronominal reference to the competitor (i.e. Robert)
too, but the results showed a reduction in pronominal
reference for the repair but not for the competitor.
However, we did observe less collective pronominal
reference to both the repair and the competitor when
there was a reparandum in the discourse compared to
when there was not. Why does the reparandum affect
collective reference to both entities, but not singular
reference to a competitor? We propose that this is prob-
ably because the reparandum produces more interfer-
ence for the repair than for the competitor for two
reasons: First, the genders of the reparandum and the
repair always matched, whereas the genders of the
reparandum and the competitor were always different.
This means that while the semantic interference effect
applied to the repair, it did not apply to the competitor
(Arnold & Griffin, 2007a; Fukumura et al., 2013). Second,
the reparandum and the repair are conceptually closer
together than the reparandum and the competitor.
This is because the reparandum is corrected to arrive at
the repair, meaning that there is necessarily more confu-
sability between the reparandum and the repair than
between the reparandum and the competitor. Such con-
fusability may then lead to more explicit reference to the
repair, whereas the competitor may be less affected.
However, note that when collective reference is made
to both entities, the confusability attached to the repair
automatically applies to the collective entity, leading to
less collective pronominal reference when there is a
reparandum in the discourse than not. Note that pre-
vious research reporting the additional character effect
always had a “normal” additional character rather than
a reparandum (Arnold & Griffin, 2007a; Fukumura et al.,
2013), which might be the reason why they observed
less singular pronominal reference to the competitor.

Finally, in our experiments, the rate of disfluency was
higher than what is considered typical in spontaneous
speech (i.e. 6-10%, Bortfeld et al., 2001; Fox Tree, 1995).
Thus, one potential challenge to our study could be
that the higher rates of disfluencies might have made
the participants overly conscious about our manipu-
lation, giving rise to the observed results. However, one
must bear in mind that although we observed some

effects of disfluency on subsequent processing (i.e. the
perception of repairs in Experiment 1, and lower pro-
nominal reference to the repair in Experiment 2), we
also did not observe other expected results (i.e. the null
effect of reparanda on form of reference to the repair
in Experiment 1, and to the competitor in Experiment
2). If conscious awareness gave rise to the observed
effects, it is not clear why it has failed to produce other
effects. Moreover, there are practical limitations for why
we had higher rates of disfluency in our study. Specifi-
cally, we would have needed to increase the number
of trials to 530 in Experiment 1, and to 420 in Experiment
to maintain a 10% rate of disfluencies, which is the
highest end of the range of disfluency rates in spon-
taneous speech. Such high numbers of trials might
have led to other (perhaps more serious) problems
such as fatigue, and attentional lapses on the part of
the participants.

To the best of our knowledge, our study is the first
showing effects of misspoken words on the perception
and subsequent retrieval of intended words. As such,
although our results provide answers to our original
questions, they also give rise to many new questions.
For example, whether and how does the type and dur-
ation of editing terms affect how the intended word is
processed? How do prosodic cues on the reparandum
and/or the editing terms affect the results? Also, based
on our results, it is not clear how long the lingering rep-
resentation of the reparandum will last in memory. Relat-
edly, individual differences in working memory span or
language skills might influence how reparanda are pro-
cessed and whether and how they influence subsequent
processing. Moreover, it is not clear what properties of
editing terms give rise to lingering reparanda. One possi-
bility is that the editing operation in a repair disfluency
results in heightened attention, giving rise to the linger-
ing effect. Finally, we only investigated gender in our
experiments, and it is therefore not clear whether other
semantic properties would also linger in memory.
These are questions that we hope future research will
address.

Taken together, the results of both experiments
provide answers to the two original questions raised in
this study: (1) Using an implicit language production
task, we observed that the gender feature of a reparan-
dum lingers in memory and affects how the repair is per-
ceived; (2) the memory representation associated with
the reparandum functions as an additional discourse
character and not only causes interference during the
retrieval of the repair, but also reduces overall activation
levels, leading to less collective pronominal reference to
both referential candidates. At a theoretical level, our
results lend support to the Good Enough approach to
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language processing according to which the linguistic
representations created from incoming input are not
always veridical, in part because remnants of unin-
tended/unwanted representations are not necessarily
removed from the current discourse representation to
produce a clean and idealised final representation (e.g.
Ferreira & Patson, 2007; Ferreira et al., 2002; Karimi & Fer-
reira, 2016; also see Christianson, 2016). The final
interpretation of a sentence, then, may reflect not only
its compositional meaning but also the concepts and
ideas that are activated and only partially suppressed
during online processing.

Notes

1. There is a distinction between “accessibility” and “avail-
ability” of information in the literature, with the former
referring to retrieval speed and the latter referring to
probability of successful retrieval of the target
memory item (e.g. McElree, 2000; McElree et al., 2003;
Foraker & McElree, 2007; Van Dyke & McElree, 2011).
However, the current paper is agnostic to this distinc-
tion. We therefore use the term “accessibility” through-
out the paper and we use this term interchangeably
with “ease of retrieval”.

2. Our use of forms that assume these gender stereotypes
should in no way be taken to imply acceptance or
endorsement of these gender stereotypes. In fact, we
look forward to the day when this manipulation is
ineffective.

3. It is important to note that we also calculated the
degree of semantic similarity between male reparanda
and the repairs as well as female reparanda and the
repairs using Latent Semantic Analysis (http://lsa.
colorado.edu/). We then ran a t-test on the similarity
values and found no significant difference between
the two conditions. Thus, any potential differences
between the conditions could not be caused by the
degree of semantic similarity between the conditions.

4. Most of our data for this analysis came from object,
possessive, and reflexive (i.e. non-subject) pronouns.

5. Note that the low number of analyzable datapoints is
caused by the nature of the task plus some technical
issues, and does not invalidate the results. In an open-
ended task like ours, participants are free to say whatever
they wish and in whatever form they choose. Conse-
quently, they may or may not use a “gender-revealing”
pronoun. Note also that the total number of gendered
pronouns was almost equally distributed across the
three conditions (see below), indicating that the
excluded trials are not biased based on condition.

6. The random effects for this model included random
intercepts for both subjects and items, as well as by-sub-
jects and by-items random slopes for the effect of
Condition.

7. The random effects for this model also included
random intercepts for both subjects and items, as
well as by-subjects random slopes for the effect of
Condition.

8. Note that Julie is not technically a repair in the Fluent
condition, but we will call it a repair for the sake of
simplicity.

9. Note that the total number of references to the first- and
the second-mentioned words add up to 2420, whereas
the total number of analyzable responses was 3334
(see above). The difference is due to 914 of analyzable
responses which were analyzed as collective references
(see below).

10. To examine the effect of syntactic role/serial position, we
also ran a model predicting form of reference as a func-
tion of “Word Position”. The results revealed significantly
greater probability of pronominal reference to the syn-
tactic subject/the first-mentioned referential candidate
than to the syntactic object/the second-mentioned refer-
ential candidate (β = −3.07, SE = 0.35, z = −8.59, p < .001).
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