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Abstract. Cognitive load refers to the mental resources available in working memory, which
can vary due to, e.g., the inherent complexity of a task. Studies have investigated the effect of
a higher cognitive demand on speech, either on fluency, lexical use or linguistic display of
emotions. Fewer have investigated all these parameters jointly, and most focus on English.
Here we manipulate working memory load with an image-depiction task with or without access
to the image and investigate whether cognitive load impacts speech production in French, i.e.,
correlates with both fluency metrics (number of word tokens and lemmas, lemma-token ratio,
counts and rates of filled pauses, interruptions and repetitions) and/or with lexical metrics (use
of words from a given lexical field or with a given connotation). Our results show that, compared
to their peers in the low cognitive load condition (with access to the image), speakers under
high cognitive load (who describe the image from memory) indeed tend to use more
disfluencies but show little differences in the use of specific vocabulary or in emotional words.
Although the absence of lexical differences may be due to inherent language- or task-specific
differences, the confirmation that an increase in cognitive load implies an increase in disfluency
indicates that at least this one parameter is a cross-linguistic indicator of speech production
under high cognitive load.

Keywords: Fluency, lexical access, emotions, cognitive load, Belgian French

1. Introduction: Fluency and vocabulary usage as cognitive pragmatic phenomena

Language is often said to be a window towards the way people think. The way one
speaks can reveal their state of mind, and therefore influence the way the listener infers
pragmatic elements from the message. One of the ways researchers have tried to understand
this overlap between linguistics and cognition is through the study of disfluencies, and in
particular the role of filled pauses such as um and uh (e.g., Christenfeld, 1994; Laserna et al.,
2014, Schneider 2014), while other studies focus on lexical measurements, such as word
meaning and connotation (Khawaja et al., 2014).

Filled pauses have been argued to communicate a metacognitive state of uncertainty
about one’s discourse, and answers to general questions preceded by uh or um are perceived
as less likely to be correct (Brennan & Williams, 1995). Whether this signal is sent out willingly
by the speaker is still debated, as cases have been made for both conscious and unconscious
reasons for the existence of filled pauses (Christenfeld, 1994; Fox Tree, 2001, 2007; Hutin et
al. 2024). Independently of one’s willingness to use filled pauses, filled pauses as well as other
disfluencies, such as self-corrections, false starts or self-interruptions, have been associated
with an increase in processing complex thoughts such as navigating an icon on a screen while
answering questions orally (Muller et al., 2001). The quantity of speech uttered by participants
has also been shown to correlate with an increase in task complexity (Khawaja et al., 2014).
However, other indices of (dis)fluency such as the number of word-types or lemmas, as well
as lemma-token ratios, have been less investigated.
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Regarding lexical indices per se, several global syntactic and semantic characteristics
have been observed to correlate with the decrease of available resources for speech (Berthold,
1998). Studies over at least the last two decades have investigated an array of characteristics
possibly correlating with a simultaneous higher cognitive demand across various types of
tasks. It has been shown that the use of first-person plurals (Sexton & Helmreich, 2000) and
that of plural pronouns in general (Khawaja et al., 2014), the lexical fields of human cognitive
processes and of perception (Khawaja et al., 2014), agreement and disagreement vocabulary
as well as inclusive words such as “along”, “with”, “everyone”, etc. (Khawaja et al., 2014),
morpho-phonological complexity, notably length of words (Lennon & Burdick, 2004; Khawaja
et al., 2014) and syntactic complexity, such as length of sentences (Lennon & Burdick, 2004;
Khawaija et al. 2014), indeed all correlate with an increase in complex thought processing.

Regarding the emotional polarity of speakers, an increased use of negative emotion
words and expletives, a decrease in positive emotion words, and a decrease in emotion words
altogether (Khawaja et al., 2014) have been shown to correlate with an increase in processing
complex thoughts.

In the established terminology of cognitive science, this increase in processing complex
thoughts is often referred to as an increase in cognitive load. Cognitive load refers to the mental
resources a person can invest in a specific task (Chandler & Sweller, 1991; Paas et al., 2003;
Sweller, 1988). This cognitive load can vary due to several factors, such as the inherent
complexity of the task (for instance, needing to remember more information than one's working
memory can handle or needing to complete the task with a time constraint) or the way the task
is presented or carried out (for example, having to type on a keyboard with keys arranged
differently from the familiar layout; Paas et al., 2010).

In the present study, cognitive load in speech is explored through the working memory
model developed by Baddeley (2012), a model allowing to express how cognitive load can
affect the production of linguistic elements. This model proposes four main components of
working memory. The central executive oversees attention control and coordinates the other
subsystems, i.e., the phonological loop, the visuospatial sketchpad, and the episodic buffer.
The phonological loop stores and rehearses verbal and acoustic information. The visuospatial
sketchpad handles visual imagery and spatial information. Finally, the most recently added
component, the episodic buffer (Baddeley 2000), integrates representations from these
systems with long-term memory into unitary episodic representations. The episodic buffer is
controlled by the central executive, has multimodal storage capacity, and uses attentional
mechanisms to actively maintain integrated memory episodes. According to Baddeley's model,
the phonological loop is responsible for temporary storage of acoustic and speech-based
information (Baddeley, 2000). The phonological loop thus facilitates describing tasks and
recalling information in working memory (Baddeley, 2000). In other words, in the case of
descriptions of stimuli that are accessible immediately to the senses, such as the depiction of
an image that the speaker can see, the phonological loop is activated and borrows very few
items from semantic long-term memory besides the name of the forms (i.e., triangle, square)
and relative geographic localization (e.g., “above this”, “on the left of that”...). On the contrary,
in case someone must describe something from memory, their phonological loop becomes the
mediator between their verbal description and long-term memory. Recalling information from
long-term memory can thus be considered as cognitively more demanding as it involves (i) the
recall in long-term memory of information that is not readily available, and (ii) long-term
memory can involve inaccuracies that would be avoided in the description from perception
(Tan & Jiang, 2020). For these reasons, one can expect that the phonological loop is given
less resources and could therefore produce less fluent information about what the speaker
perceives, requiring a higher level of pragmatic investment and, therefore, more words. Given
this theoretical framework, cognitive load in this study has been manipulated by giving the
speakers access to the image they should depict (low cognitive load) or not (high cognitive
load).

The aim of the present study is twofold. On the one hand, we investigate whether
cognitive load indeed correlates with fluency metrics, such as the number of word-tokens and
lemmas, as well as the lemma-token ratio, per recording, counts and rates of interruptions and
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repetitions as well as the counts and rates of filled pauses. On the other hand, we explore the
effect of cognitive load on lexical metrics, such as the use of words from a given lexical field or
with a given connotation. The novelty of the study resides in both the fact that we explore
fluency, lexical and emotional indices of cognitive load in one and the same study, and the fact
that we investigate a language that was less investigated in this regard, i.e., Belgian French.
In the following, we first present our data and methodology in Section 2, then our results in
Section 3: Subsection 3.1 focuses on the fluency metrics, while Subsections 3.2 and 3.3 focus
on the lexical metrics. Section 4 concludes and discusses the results.

2. Data and Methodology

This study exploits a subset of the TAngram COrpus, also known as TACO (Broisson,
2019; Broisson & Degand, 2022), which was developed in 2018 at Louvain University
(Belgium) and is now freely available on demand. It consists of descriptions of a tangram
puzzle first to a partner (allocentric condition) and then to oneself (egocentric condition), either
under low or high cognitive load. Since the high cognitive load condition was not achieved the
same way in the allocentric and egocentric conditions, the two allo- and egocentric conditions
are not comparable and we use here only the data from the second task, i.e., the egocentric
condition, henceforth EGO.

We chose the TACO corpus because it is, to the best of our knowledge, the only one
allowing a controlled, in-depth comparison of low vs. high cognitive load in French self-directed
speech. Knutsen et al. (2020) explore the speech of only 5 participants retelling movie excerpts
for which cognitive load varied on multiple dimensions (silent vs. talking movie, action or not,
and duration of the except). Another French tangram corpus by Danino et al. (2020) comprises
18 pairs of speakers in either a low or a high cognitive load condition, the latter being achieved
through the imposition of a 10-minute time constraint. In addition to comprising dialogues
instead of self-directed speech and achieving cognitive load without manipulating memory
load, this data was created for psychological studies and would have required extra processing
for linguistic analyses.

2.1. Experimental material

A tangram is a dissection puzzle consisting of seven flat polygons which are supposed
to be put together to replicate a pattern based solely on its silhouette.

In TACO, the experimental items consist of a set of seven printed colored geometrical
shapes commonly used in tangram puzzles — a small pink triangle, a small yellow triangle, a
middle-sized yellow triangle, a big light-green triangle, a big blue triangle, a small purple square
and a red parallelogram. The experimental items also comprise two puzzle silhouettes, one of
a cat and one of a butterfly, given to participants alternatively. The two test items and their
solutions are given in Figures 1 and 2.

Figure 1. Butterfly tangram puzzle (silhouette on the left, colored solution on the right).
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Figure 2. Cat tangram puzzle (silhouette on the left, colored solution on the right).

Participants were also provided with a written copy of instructions given by the
experimenter to keep with them at all times, a bell which they could ring to call the experimenter
into the room if a (substantial) problem arose, as well as a timer.

2.2. Experimental design

After completing the first task in pairs, the participants were asked to complete the
second task, i.e., the egocentric condition, which yielded the presently used corpus, EGO.
They were instructed to retell the instructions to the puzzle they had just solved (or attempted
to solve) during the allocentric condition. They had to use only verbal cues, in less than ten
minutes, in order for their future self to be able to reassemble the puzzle three months later.

To be in adequation with the definition of cognitive load assumed in the introduction
(Baddeley, 2000), cognitive load was manipulated, following RoRnagel (2000), by presenting
participants in the low cognitive load condition with the assembled puzzle during the task, while
asking participants in the high cognitive load condition to recall the puzzle from memory. In the
latter case, participants were given an additional five minutes between the instructions from
the experimenter and the beginning of the recording, in order to remember how to assemble
the puzzle.

The data was collected in a quiet room using the internal microphone of a Nikon D5000
camera, as well as that of an iPhone X as backup.

2.3. Participants

The participants were 12 men and 12 women (n=24)" recruited among the acquaintances
of the experimenter. They are native speakers of Belgian French from the Hainaut province in
Belgium. However, the data of one male speaker was not taken into account in the present
study, as he was distracted during the experiment.

The remaining 23 participants’ age ranges from 19 to 55 years old (u=29.3, 0=12.9,
Md=24), although younger speakers between the ages of 19 and 26 represent the majority of
the sample (n=16, 69.56%).

Besides the age and gender information, the data is anonymized. The participants each
received an ID following the template [the participant’s initials + gender (coded as F for female,
M for male) + age of the speaker], e.g., ASF24 is a 24-year-old woman whose initials are AS.

" As we are using an already-existing corpus, we are limited by the content that it offers, which fits the resource
constraints justification from Lakens (2022). Results will be interpreted carefully, in line with the principles for
cautious statistical inferences (Barnes & Lewin, 2005).
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2.4. Data

The data in EGO thus contains 23 audio files for a total duration of approximately 1 hour.
The gender, age and duration of speech are given for each participant in each condition in
Table 1.

Colgr;iéive Speaker ID | Gender Age o?l;::)aetiec:)cnh
ANM55 M 55 03:36
CAF39 F 39 01:21
CHF26 F 26 04:23
CLF21 F 21 02:05
FAM38 M 38 01:06
HEF25 F 25 03:18
Low LOM19 M 19 01:54
MAF38 F 38 00:52
NAF52 F 52 03:33
PAF25 F 25 03:06
VEF55 F 55 02:19
Subtotals 27:33
Means 35.70 02:30
ASF24 F 24 07:47
BRM20 M 20 01:10
CAF26 F 26 02:32
CHF52 F 52 03:32
COM20 M 20 01:41
JLM19 M 19 01:45
High JSM19 M 19 01:09
LUM19 M 19 01:07
MSM19 M 19 01:30
MTM19 M 19 01:17
ROM21 M 21 01:17
SAF24 F 24 05:54
Subtotals 30:41
Means 23.50 02:33
TOTAL 58:14
MEANS 29.35 02:25

Table 1. Speaker ID, gender, age and duration of the recording for each participant in the low
(top) and high (bottom) cognitive load condition.

The low cognitive load condition comprises 8 female and 3 male participants (n=11),
aged between 19 and 55 (u=35.73, 0=13.60), who spoke between 52 seconds and 4 minutes
23 seconds, for a total of 27 minutes 33 seconds, i.e., a mean of 2 minutes 30 seconds per
speaker (6=1:09).
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The high cognitive load condition comprises 4 female and 8 male participants (n=12),
aged between 19 and 52 (u=23.5, 0=9.30), who spoke between 1 minute 7 seconds and 7
minutes 47 seconds, for a total of 30 minutes 41 seconds, i.e., a mean of 2 minutes 33 seconds
per speaker (0=2:09).

The fact that speakers in both conditions speak for comparable durations may be due to
the fact that they were all limited to a 10-minute timeframe, but it may also indicate that the two
conditions were well-balanced enough to yield similar behavior regarding duration of speech,
thus enhancing the quality of the comparison for the other factors (fluency and lexical use).
Note however, as a precursor of forthcoming analyses, that the speakers in the high cognitive
load condition display more inter-individual variation than in the low cognitive load condition.

2.5. Data processing and analysis

Each audio file was transcribed orthographically in standard French (retaining standard
contracted forms only) in Praat (6.1) (Boersma & Weenink, 2019) by Broisson (2019).

Any instance of a person’s name is transcribed either as “NAME” or the appropriate
participant ID. Filled pauses are transcribed as “euh”, “euhm”, “hum?”, “m/”, “mm/*, “h/*, “pf/”,
“‘hm”, “mh”, “tch/”, “ts/”, or “FP” if their articulation was ambiguous. Truncations are marked by
a forward slash “/”. Laughter is marked with “(LAUGH)” and any unclear text is marked with
“UNCLEAR”. Given that several inconsistencies were identified, such as “euhm” transcribed
as “euh mh”, we homogenized the transcriptions manually.

For the purpose of the first sub-study on fluency, we first extract several pieces of
information using Python (3.10.12) (Van Rossum & Drake 2009):

- number of word-tokens: the count of words uttered by the participant
- number of lemmas: the count of different word lemmas used by the participant
- frequency of lemmas: (the number of lemmas / the number of tokens) * 100
- number of filled pauses: the count of occurrences of “euh”, “euhm”, “hum”, “m/”, “mm/”,
“h/”, “pfl”, “hm”, “tch/”, “ts/”, or “FP”
- frequency of filled pauses: (the number of filled pauses / the number of tokens) * 100
- number of interruptions: the count of interrupted or corrected words (marked with “/”)
- frequency of interruptions: (the number of interruptions / the number of tokens) * 100
- number of repetitions: the count of word-tokens identical to the preceding word-token
- frequency of repetitions: (the number of repetitions / the number of tokens) * 100
- overall number of disfluencies: the total count of filled pauses, interruptions and
repetitions
- frequency of disfluencies: (the number of disfluencies / the number of tokens) * 100
The transcription text files as well as the Python script used to extract the information are
available at the following repository: https://osf.io/amjuy/.

For the second sub-study on lexical information, we analyze the transcribed data by
relying on the LIWC-22 software (Piolat et al., 2011). The dictionary used for this purpose was
the 2007 French dictionary developed by Piolat et al. (2011). We extract lexical information on
both word meanings, i.e., lexical fields, and word connotations that have been shown to
correlate with cognitive load in past research.

The word meanings that we test thus comprise:

- the use of first-person plurals (Sexton & Helmreich, 2000) and plural pronouns
(Khawaja et al., 2014),

- the lexical field of human cognitive processes (Khawaja et al., 2014),

- the lexical field of perception (Khawaja et al., 2014), in particular that of sight,

- and agreement and disagreement vocabulary as well as inclusive words such as
“along”, “with”, “everyone”, etc. (Khawaja et al., 2014).

Given that the data comes from oral utterances, in which sentences are not an applicable
concept, and given that the data is constituted of only egocentric, i.e., self-directed, monologual
speech, that prevents from using another kind of unit such as speech turn, we do not
investigate the effect of cognitive load on length of sentences as markers of syntactic
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complexity (Lennon & Burdick, 2004; Khawaja et al., 2014). However, given the nature of the
task, we also add the following lexical metrics:
- the lexical field of “relativity”, i.e., space-, number- and movement-related terms,
- the lexical field of tentativeness,
- the lexical field of hesitancy or uncertainty,
- swear words.
In addition to swear words, we also test the use of negative emotion words, following
Khawaja et al. (2014).
For the sake of clarity, the exact hypotheses and predictions for each variable will be
exposed in the appropriate section before the corresponding results.

The final dataset is analyzed using R (4.2.1) (R Core Team, 2021) and jamovi (The
jamovi project, 2023). On jamovi, we conduct pairwise comparisons. If no violations of
homogeneity of variance or normality are observed, independent-samples t-tests are used. In
the case of violations of the homogeneity of variance assumption only, we report Welch’s t-

test. In all other cases, we report the Mann-Whitney U statistic.

3. Results
3.1. Fluency metrics
The counts for (dis)fluency metrics are given in Table 2.
SpTSker Condition | Gender | Age o(;:(\?vli)nr:j ?ount % o??illjlgfj . Countlof Coup_t of thal cour)t of
tokens | l€Mmas pauses interruptions | repetitions | disfluencies
CAF39 low female | 39 214 59 0 1 0 1
CLF21 low female | 21 313 91 7 1 0 8
MAF38 low female | 38 170 58 6 1 0 7
LOM29 low male 29 171 39 4 4 0 8
FAM38 low male 38 154 51 2 1 6 9
HEF25 low female | 25 540 116 9 7 0 16
ANM55 low male 55 646 120 12 2 0 14
VEF55 low female | 55 413 96 14 4 0 18
PAF25 low female | 25 503 113 24 4 3 31
CHF26 low female | 26 651 108 29 2 2 33
NAF52 low female | 52 596 119 24 8 6 38
Subtotal 4,371 970 131 35 17 183
COM19 high male 19 186 60 7 0 0 7
JSM20 high male 20 135 53 1 1 1 3
LUM19 high male 19 175 52 2 5 0 7
MTM19 high male 19 208 67 6 3 1 10
JLM19 high male 19 281 67 10 4 0 14
CAF26 high female | 26 394 88 14 2 0 16
BRM19 high male 19 196 68 12 5 0 17
ROM10 high male 20 234 78 12 7 0 19
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CHF52 high female | 52 433 92 16 25
MAM19 high male 19 283 68 17 24
SAF24 high female | 24 907 122 79 87
ASF24 high female | 24 | 1,266 155 106 14 17 137
Subtotal 4,698 970 282 55 29 366
TOTAL 9,069 | 1,940 413 90 46 549

Table 2. Counts of word-tokens, lemmas, filled pauses, interruptions, repetitions and total
number of disfluencies for each participant in the low (top) and high (bottom) cognitive load
conditions.

3.1.1. Number of word-tokens

Regarding the number of words under high vs. low cognitive load, past literature provides
contradictory predictions. On the one hand, some studies (Kleinman & Serfaty, 1989) found a
decrease in speech quantity under high workload, while on the other, many studies have
shown that under complex and high mental load tasks, team members communicate more with
each other to provide more information or explanation in order to handle the increased task
load (Foushee & Helmreich, 1988; Oser et al., 1991; Katz et al., 1998; Janssen et al., 2010;
Khawaja et al., 2014).

These latter results are in line with Baddeley (2000)'s model, where depicting a picture
from memory means that the phonological loop is given less sensory resources and could
therefore produce less fluent information about what the speaker perceives, requiring a higher
level of pragmatic investment and, therefore, more words. However, these studies focus on
dialogical data where cognitive load is manipulated in various ways: Is self-directed speech
similarly influenced by image- vs. memory-based depiction tasks? Do we also observe more
words in the high rather than in the low cognitive load condition?

In EGO, speakers produce the lowest (n=135) and highest (n=1,266) numbers of words
in the high cognitive load, for a total of 4,698 words, i.e., a mean of 391.50 words per speaker
and a standard deviation of 344.80. Speakers produce much more homogenous word counts
in the low cognitive load condition, with productions ranging from 154 to 651 words, for a total
of 4,371 words, i.e., a mean of 397.36 words per speaker but a standard deviation of only
200.06.

Since word count is not normally distributed, the non-parametric Mann-Whitney U test is
used to assess whether cognitive load affects the number of words uttered by participants.
Results show little difference in median number of words between the high cognitive load group
(Md=215) and the low cognitive load group (Md=355), U=55.50, p=.538, r=.16. This indicates
that the high vs. low cognitive load does not significantly impact the amount of tokens that will
be produced, contrary to findings in previous studies. However, our counts seem to indicate
that higher cognitive load will favor diversity in the participants’ speech quantity, as if speakers
were more unequal in their way to handle cognitive load than in their way to deal with a low
cognitive load task.

3.1.2. Number of lemmas and lemma-token ratio

Regarding the effect of cognitive load on counts and rates of lemmas, to the best of our
knowledge, no specific studies have been conducted. RoRnagel (1995) however shows that,
when speaking under higher cognitive load, i.e., while explaining how to assemble a machine
without access to the instructions, speakers tend to only name technical terms while they tend
to both name and describe technical terms when not under pressure, i.e., when given the
assembly instructions, which in our case would imply more diversified vocabulary, i.e., more
lemmas in the low-cognitive load condition. Moreover, the working memory model (Baddeley,
2012) seems to indicate that cognitive load will impact negatively lexical density (or vocabulary
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richness), i.e., among others, diversity of lemmas, since it will monopolize the cognitive
resources necessary to search and select lexemes from the speakers’ mental lexicon. Khawaja
et al. (2014) confirm this hypothesis, and we therefore expect, in line with their results as well
as Rollnagel (1995)’s, to find less vocabulary diversity in the high than in the low cognitive load
condition.

However, we could also expect results to go against what was found by Khawaja et al.
(2014), while still being in line with Baddeley (2012). The reason behind this is to be found in
the different cognitive-load inducing tasks: In Khawaja et al. (2014), the increase in cognitive
load concerns the size and number of fires to manage in an emergency management scenario,
with the idea that the more fires, the harder the collaboration, while in our study, the increase
in cognitive load is found in the absence of a stimulus to describe, requiring higher pragmatic
levels of description to the self, and therefore, potentially more words.

In EGO, speakers in the low cognitive load condition produce overall less different words,
ranging from 39 to 120, while speakers in the high cognitive load condition produce between
42 and 155 different words: Speakers exposed to a high cognitive load had a lower mean per
speaker (u=80.83 vs. 88.18 in the low cognitive load condition) and a similar standard deviation
(0=30.35 vs. 30.62). An independent samples t-test is conducted to determine whether
cognitive load affects the number of lemmas. Results show little difference in number of
lemmas between the high cognitive load group (u=80.83, 0=30.35) and the low cognitive load
group (u=88.18, 0=30.62), {(21)=-0.58, p=.570, Cohen’s d=-0.24. This indicates that there is
no significant difference between the two conditions with regards to the number of different
lemmas used by speakers.

Moreover, the ratio of different lemmas as a function of the amount of word-tokens is
overall similar in the high cognitive load condition (12.24% to 39.26%) and in the low cognitive
load condition (16.59% to 34.12%), but with a higher mean (u=26.55%) and a higher standard
deviation (0=8.44%) than in the low cognitive load condition (u=24.45%, 0=5.77%). An
independent samples t-test is also conducted to determine whether cognitive load affects the
lemma-token ratio: Results show no difference in lemma-token ratios between the high
cognitive load group (u=26.55, 0=8.44) and the low cognitive load group (u=24.45, 0=5.77),
t(22)=0.78, p=.49, 95% CI [-4.41, 8.98], Cohen’s d=0.29, thus indicating that speakers in the
high cognitive load condition seem to have a slight tendency (not a statistically significant one,
though) to use more diversified vocabulary than the ones in the low cognitive load condition,
which would be in line with the fact that the phonological loop, while facilitating describing tasks
and recalling information in working memory, also impedes access to long-term memory, and
therefore to the mental lexicon.

3.1.3. Counts and rates of filled pauses

Regarding filled pauses, we would expect more of them in high cognitive load speech,
as they have been shown to be used unconsciously for discursive self-management (Hutin et
al., 2024), may be used to indicate uncertainty (Brennan & Williams, 1995) and have indeed
been shown to correlate with higher task complexity (Christenfeld, 1994; Muller et al., 2001).

In EGO, speakers submitted to high cognitive load produced 1 to 106 filled pauses, while
speakers in the low cognitive load condition produced between 0 and 29. The mean number
of filled pauses is divided in two between the two conditions (HCL=23.5, LCL=11.91) and the
standard deviation in three (HCL=33.12, LCL=9.79). The ratio of the number of filled pauses
as a function of the amount of word-tokens goes from 0.00% to 4.77% in the low cognitive load
condition and from 0.74% to 8.71% in the high cognitive load condition, with again a higher
mean and a higher standard deviation in the high (u=4.47%, 0=2.50%) than in the low cognitive
load condition (u=2.69%, 6=1.47%). Moreover, filled pauses are the most represented type of
oralized disfluency (we do not take silent pauses into account in the present study), as they
make up for 69.86% of the disfluencies for speakers in the low cognitive load condition and
73.04% in the high cognitive load condition.

Regarding the number of filled pauses, neither the normality assumption (Shapiro-
Wilk W=0.71, p<.001) nor the homogeneity of variance assumption (Levene's F(1,
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21)=4.58, p=.044) is met. We thus rely on the Mann-Whitney U test statistics to determine
whether the cognitive load condition affects this variable. Results show no significant difference
in median number of tokens between the high (Md=12.00) and low cognitive load group
(Md=9.00), U=57.00, p=.600, =-0.14. However, since the assumptions of normality (Shapiro-
Wilk W=0.97, p=.614) and homogeneity of variances (Levene's F(1, 21)=2.72, p=.114) are met
for the rate of filled pauses, an independent samples t-test (Student's t) is conducted to
determine whether cognitive load affects this rate. Results show close-to-significant
differences in the rate of filled pauses between the high cognitive load group (u=4.47, 0=2.50)
and the low cognitive load group (u=2.69, 0=1.47), 1(21)=2.06, p=.052, Cohen’s d=0.86.

These results indicate that speakers under high cognitive load indeed seem to resort
more often to filled pauses. However, whether these are used to indicate uncertainty or betray
the buffering of the working memory system, remains an open question.

3.1.4. Counts and rates of self-interruptions

Regarding interruptions and self-corrections, past literature provides contradictory
results. Deese (1980) and Oviatt (1995) compare previously planned vs. unplanned speech;
Bromme & Wehner (1987), speech describing a restaurant menu vs. a puzzle; Jou & Harris
(1992), content playback without vs. with additional mental arithmetics, and Rummer (1996)
speech without vs. with an additional visual judgement task: None of these studies reports
significant results regarding the effect of cognitive load or associated time constraints on the
production of self-corrections. However, Muller et al. (2001) manipulate time pressure and
complexity of a navigation task on a screen and find an effect of cognitive load on a collection
of disfluencies including self-corrections and interruptions but not filled pauses. Moreover,
Marx (1984) finds contradictory results depending on the task: With cognitive load implemented
with a time pressure, she finds that time pressure has an effect on the production of self-
corrections in the speech of participants aiming at persuading their interlocutors, while it does
not in the speech of participants monologuing aloud about a problem. Given these results, we
would expect no effect of cognitive load on interruptions in our egocentric speech data.

In EGO, the count of interrupted words ranges from 1 to 8 (u=3.18, 6=2.48) in the low
cognitive load condition and from 0 to 14 in the high cognitive load condition (u=4.58, 0=3.66).
Compared to the number of word-tokens, speakers in the low cognitive load condition
interrupted between 0.31% and 2.34% of their words (u=0.85%, 0=0.62%), against 0.00% to
2.99% for speakers in the high cognitive load condition (u=1.45%, 0=1.03%). It therefore
seems that speakers in the low cognitive load condition interrupt their words less often and
more consistently compared with each other.

Since the normality assumption for the number of interruptions is violated (Shapiro-Wilk
W=0.90, p=.023), a Mann-Whitney U test is conducted to determine whether cognitive load
indeed affects the number of interruptions. Results show no significant differences in the
median number of interruptions between the high (Md=4.00) and the low cognitive load group
(Md=2.00), U=50.00, p=.334, r=-0.24. The effect of cognitive load is also assessed on the rate
of interruptions. Since the assumptions of normality (Shapiro-Wilk W=0.94, p=.157) and
homogeneity of variances (Levene's F(1, 21)=3.95, p=.060) are met, an independent samples
t-test (Student's t) is conducted. However, results again show no significant differences in the
rate of interruptions between the high cognitive load group (u=1.45, 0=1.03) and the low
cognitive load group (u=0.85, 0=0.62), t(21)=1.65, p=.114, Cohen’s d=0.69.

Our results thus seem to confirm past research on the non-effect of cognitive load on
self-interruptions.

3.1.5. Counts and rates of repeated words

Regarding the production of repetitions, past research again provides ambiguous results.
Bromme & Wehner (1987) and Jou & Harris (1992) find non-significant differences between
the high- and low-cognitive load conditions, while Miiller et al. (2001) find an effect of cognitive
load on self-corrections and interruptions combined. Moreover, Marx (1984) also finds
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significant results in the dialogual task but not in the monologual one. We therefore do not
expect an effect of cognitive load on the number and rate of repetitions in our data.

In EGO, the number of repeated words ranges from 0 to 6 (u=1.54, 6=2.42) in the low
and from 0 to 17 (u=2.41, 0=4.96) in the high cognitive load condition. The rates of repeated
words as a function of the number of word-tokens range from 0.00% to 3.89% (u=0.53%,
0=1.16%) in the low and from 0.00% to 1.34% (u=0.35%, 0=0.49%) in the high cognitive load
condition. The means and standard deviations indicate that speakers in the low cognitive load
condition repeat their words slightly more often and less consistently. This unexpected
tendency is discussed in the conclusion.

The number of repetitions being not normally distributed (Shapiro-Wilk W=0.64, p<.001),
we rely on the Mann-Whitney U statistics to determine whether they are affected by cognitive
load. Results show no significant difference in median number of tokens between the high
cognitive load group (Md=0.00) and low cognitive load group (Md=0.00), U=64.50, p=.944, r=-
0.02. A Mann-Whitney U test is also used to determine whether the rate of repetitions differs
between the conditions, as the normality assumption is violated for this variable (Shapiro-Wilk
W=0.63, p<.001). We find no significant difference between the high (Md=0.00) and low
cognitive load groups (Md=0.00), U=62.50, p=.834, r=-0.05.

Our results thus again support past research on the non-effect of cognitive load on the
production of repetitions.

3.1.6. Counts and rates of filled pauses, self-interruptions and repetitions combined

However, the lack of significance of our results on the counts and rates of filled pauses,
interruptions and repetitions may be due to the small amount of data, since EGO is only 1 hour
long and comprises only 11 and 12 participants in each condition respectively. To enhance the
counts of observations, we now provide the analysis for oralized disfluencies of all types
combined into one category.

Overall, in EGO, all types of disfluencies (filled pauses, interruptions, and repetitions)
make up for 0.47% to 6.38% (u=4.07%, 0=1.86%) of the speech of speakers not submitted to
cognitive load, while they make up for 2.74% to 10.82% (u=6.27%, 0=2.74%) of the speech of
speakers who were describing the puzzle from memory. The high cognitive load thus seems
to favor the use of disfluencies, as well as a larger heterogeneity among speakers regarding
the diversity of words used and the amounts of filled pauses, interruptions and repetitions.
However, the effect of cognitive load on the number of disfluencies is assessed with the Mann-
Whitney U test and we find, again, no significant difference between the high cognitive load
group (Md=16.50) and the low cognitive load group (Md=14.00), U=58.00, p=.64, r=-.12.

However, the effect of cognitive load on the rate of disfluencies is assessed with an
independent samples t-test. Since the assumptions of normality (Shapiro-Wilk W=0.97,
p=.690) and homogeneity of variances (Levene's F(1, 21)=4.03, p=.058) are met, the Student's
t-test results are reported. A significant difference is observed, {(21)=2.24, p=.036, Cohen’s
d=0.93. As could be expected, a higher disfluency rate is to be observed in the high cognitive
load condition (u=6.27, 0=2.74) compared to the low cognitive load condition (u=4.07, 0=1.86).
This shows that, although particular metrics for each type of disfluency do not yield significant
results, the observation of the rate of all types of hesitation-related oralized disfluencies (we
exclude silent pauses and laughter) show that speakers under high cognitive load indeed tend
to hesitate more than their peers in the low cognitive load condition.

3.2. Lexical metrics: Metrics of word meaning

In this subsection, we focus on the effect that cognitive load may have on the use of the
vocabulary, focusing on lexical fields related to geometry, since we expect such words to be
of particular interest in this tangram task, as well as perception-related vocabulary, in particular
that of sight, which may also vyield interesting results given the nature of the task. We then
investigate cognition-related terms, as well as the vocabulary of hesitation and tentativeness.
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Finally, we analyze the use of inclusion words and more specifically of singular vs. plural and
first-person vs. third-person pronouns.

3.2.1. Geometry-related terms

Regarding geometry-related words, we investigate in particular space-, number-, and
movement-related terms, and the combination of all three lexical fields under the term
“relativity”. Given the specificity of the variable, no such analysis has been provided by past
studies.

With the normality violated, a Mann-Whitney U test determines the effect of cognitive
load on space-related terms. Results show that the high cognitive load group (u=10.76,
0=2.38) mentions fewer space-related terms than the low cognitive load group (u=14.12,
0=4.19). The difference is statistically significant, U=29.0, p=.023, r=0.56.

With all assumptions met, an independent samples t-test determined the effect of
cognitive load on number-related terms. Results show that the high cognitive load group
(u=3.61, 0=1.34) scores higher on number-related lexical items than the low cognitive load
group (u=2.40, 0=1.37), a statistically significant difference, t1(21)=2.14, p=.044, Cohen’s
d=0.89.

We then determine whether cognitive load affects movement-related words. With all
assumptions met, an independent samples t-test determines whether cognitive load affects
movement-related words. Results show that the high cognitive load group (u=6.10, 6=3.21)
scores slightly higher on movement words than the low cognitive load group (u=5.64, 0=3.63),
but this difference is not statistically significant, t(21)=0.33, p=.746, Cohen’s d=0.14.

Finally, considering the absence of violations of assumptions, an independent samples
t-test assesses whether cognitive load affects the production of relativity-related words.
Results show that the high cognitive load group (u=22.22, 0=4.03) scores lower on relativity-
related words than the low cognitive load group (u=25.17, 0=5.07), but this difference is not
statistically significant, t(21)=-1.55, p=.135, Cohen’s d=-0.65.

Thus, regarding geometry-related words, compared to their peers under low cognitive
load, speakers under high cognitive load seem to disfavor space-related words but favor
number-related, and to some extent movement-related words. However, when all geometry
words are pooled together, the difference loses its significance.

3.2.2. Cognition- and perception-related terms

Under high cognitive load, participants are more likely to be involved in active cognitive
processes like thinking, evaluating, and analyzing (Baddeley, 2003; Sweller et al., 2011).
Khawaja et al. (2014) thus hypothesize that words designating human cognitive processes
(e.g., “think”, “consider”, “know”...) would increase with increased load, thus mirroring the
speakers’ self-awareness of increased mental effort. Similarly, the increased use of perceptual
words (e.g., “see”, “feel”, “reckon”) would mirror the participants’ higher effort to concentrate
on the task and to understand the environment that surrounds it in order to improve the overall
performance. Khawaja et al. (2014) confirm both hypotheses, however cognitive load in their
study relies on increasing visual material while in ours it relies on removing it: We thus
hypothesize that the difference in the usage of perceptual words would display the reverse
tendency to that observed by Khawaja et al. (2014). Moreover, we would go one step further
and suggest that the use of tentative and hesitancy words is bound to increase as well under
higher cognitive load, thus mirroring the participants’ acknowledging the task’s difficulty.

With the assumption of homogeneity of variance violated for cognition-related terms
(Levene's p=.002), Welch'’s t-test is used to determine whether cognitive load affects this
variable. Results show little difference in mean cognition-related words between the high
(M=13.50, 0=1.61) and the low cognitive load group (u=13.41, 0=4.02), Welch's 1(12.9)=0.07,
p=.947. The effect size is negligible (Cohen's d=0.03). This contradicts Khawaja et al. (2014)’s
results.
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Regarding the vocabulary of perception, all assumptions are met, meaning that an
independent samples t-test is conducted to evaluate the effect of cognitive load on perception-
related words. Results show that the high cognitive load group (u=5.55, 0=1.73) scores lower
on perception-related terms than the low cognitive load group (u=6.59, 06=1.76), but this
difference is not statistically significant, t(21)=-1.44, p=.165, Cohen’s d=-0.60.

To determine whether cognitive load affects sight-related words, an independent
samples t-test is conducted as no assumption violations are observed. Results show that the
high cognitive load group (u=3.12, 0=1.53) scores lower on sight-related words than the low
cognitive load group (u=4.99, 0=1.51), the difference being statistically significant, t(21)=-2.97,
p=.007, Cohen’s d=-1.24. Speakers under high cognitive load thus seem to disfavor the use of
sight-related words: Were this conclusion extended to the use of perception words in general,
our results would go against Khawaja et al. (2014)’s, who find the opposite preference, thus
aligning with our hypothesis.

Finally, regarding the vocabulary of uncertainty, an independent samples t-test assesses
differences between cognitive load conditions for lexical markers of hesitancy since all
assumptions are met. Results show that the high cognitive load group (u=4.69, 0=2.47) scores
higher than the low cognitive load group (u=3.02, 6=1.60), but this difference is not statistically
significant, t(21)=1.90, p=.071, Cohen’s d=0.79.

Similarly, with all assumptions met, an independent samples t-test assesses the effect
of cognitive load on lexical items depicting tentativeness. Results show that the high cognitive
load group (u=1.59, 6=0.77) scores higher on tentative words than the low cognitive load group
(M=1.02, 0=0.58), but this difference is not statistically significant, {(21)=2.00, p=.058, Cohen’s
d=0.84. For this variable, then, the general observations are in adequacy with our expectations,
but the results are not statistically significant, which may also be due to the small amount of
data. More research on this matter would be needed.

3.2.3. Inclusion-related terms

Finally, we investigate the participants’ relation to themselves and to others by analyzing
the vocabulary of inclusion as well as their use of pronouns. Khawaja et al. (2014) hypothesize
that an increase in cognitive load will imply an increase in the use of inclusive words, following
the observation that people, working in teams and performing complex tasks together prefer
to share their load as the task difficulty increases (Kirschner et al., 2009). Similarly, they also
expect that increasing the task complexity will cause the decrease of singular pronouns and
the increase of plural ones. Both hypotheses are confirmed in Khawaja et al. (2014)’s study on
multilogual speech, but what about monologual, self-directed speech?

For EGO, all assumptions are met, meaning that an independent samples t-test can be
used to assess the effect of cognitive load on inclusion-related terms (such as “together”,
“with”...). Results show small differences in mean inclusion terms between the high cognitive
load group (u=9.40, 0=2.18) and the low cognitive load group (u=8.84, 0=2.05). This difference
is not statistically significant, t(21)=0.63, p=.533, Cohen’s d=0.26.

Regarding pronouns, with all assumptions met, an independent samples t-test
determines whether cognitive load affects terms related to the first-person singular. Results
show little difference between the high cognitive load group (u=4.05, 0=3.18) and the low
cognitive load group (u=3.77, 0=3.47), 1(21)=0.20, p=.845, Cohen’s d=0.08. Similarly, with the
normality assumption violated for first-person plural terms, the Mann-Whitney U test is used.
Results show very little use in either the high (Md=0.00) or the low cognitive load group
(Md=0.00), with no significant difference, U=65.0, p=.950, r=0.02.

These results again contradict Khawaja et al. (2014)’s results, but they are not surprising
since the participants were alone in the room at the time of the experiment and speaking to a
future self: Even though it is not impossible to use first-person plural pronouns in this case,
which in French is similar to the underspecified pronoun “on” (Engl. “one”), the display of the
experiment was not prone to elicit such differences.

Regarding third-person pronouns, with all assumptions met, an independent samples t-
test determines whether cognitive load affects third-person singular items. Results show that
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the high cognitive load group (u=7.67, 0=1.97) uses fewer third-person singular terms
compared to the low cognitive load group (u=9.45, 0=3.20), but this difference is not statistically
significant, t(21)=-1.62, p=.121, Cohen’s d=-0.68. With the normality assumption violated for
third-person plural terms, the Mann-Whitney U test is used. Results show little difference in
median third-person plural terms between the high (Md=0.00) and low cognitive load group
(Md=0.00), U=65.0, p=.970, r=-0.02.

Our results thus do not confirm past hypotheses regarding inclusion and togetherness.
However, given the type of speech used in this corpus, i.e., egocentric, self-directed speech,
this is not surprising. These results should be confirmed with other dialogual data, for instance
with the allocentric data from TACO.

3.3. Lexical metrics: Metrics of word connotation

In this subsection, we focus on the emotional polarity of the speech uttered by the
participants, in particular by focusing on the use of negative emotion words, and more
specifically on the use of swear words. Negative emotion words, and in particular swear words
taken as indices of negative feelings, are expected to increase as the task complexity
increases, since high task load is known to cause higher anger and frustration (Farmer &
Brownson, 2003). This hypothesis has been confirmed in English-speaking interactions
(Khawaja et al., 2014).

With assumptions violated, the non-parametric Mann-Whitney U test is used to assess
the effect of cognitive load on words connoting negative emotions. Results show that the high
cognitive load group (Md=0.45) indeed scores higher on negative emotion words compared to
the low cognitive load group (Md=0.00), but this difference is not statistically significant,
U=47.50, p=.139, r=.04.

Similarly, regarding swear words, both the assumptions of normality and homogeneity of
variance are violated. Therefore, the non-parametric Mann-Whitney U test is used to explore
the effect of cognitive load on swear words. Results show, again, a non-significant difference,
as the high cognitive load group (Md=0.27) uses slightly fewer words identified by the algorithm
as swear words compared to the low cognitive load group (Md=0.55), U=50.50, p=.208, r=.30.

In conclusion, although speakers of French under higher cognitive load seem to display
more negative emotions, as do English speakers, the results are not significant enough to draw
any clear-cut conclusion.

4. Conclusions and Discussion

In this paper, we investigate the effect of cognitive load on speech in Belgian French, in
particular on fluency, vocabulary and emotional polarity. The results are summarized in
Table 3.

Metrics | LCL | HCL | Delta | Significance |
Disfluencies
Number of word-tokens per | py=397.36 | p=391.5 | p=5.86 Not sianificant
speaker 0=200.06 | 0=344.80 |0=-144.74 9
Number of lemmas per p=88.18 | y=80.83 | p=7.35 Not sianificant
speaker 0=30.63 | 0=30.35 | 0=-0.28 9
i . M=24.45% |u=26.55% | u=-2.10% S
Lemma-token ratio 0=577% | 0=8.44% | 5=-2.67% Not significant
Number of filled pauses per pu=11.91 p=23.50 | y=-11.59 L
speaker 0=9.79 | 0=33.12 | o=-23.33 |Not significant
) N=2.69% | u=4.47% | u=-1.78% I
Rates of filled pauses 0=147% | 6=2.50% | 6=-1.03% Not significant
Number of self-interruptions pu=3.18 pu=4.58 pu=-1.40 o
by speaker 0=248 | 0=3.66 | o=-1.18 |Notsignificant
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Y . pu=0.85% | u=1.45% | u=0.60% S
Rates of self-interruptions 6=0.62% | 6=1.03% | 5=-041% Not significant
Number of repeated words per| p=1.54 p=2.41 u=-0.87 C
speaker 0=242 | 0=4.96 | g=-2.54 |Notsignificant
pu=0.53% | u=0.35% | p=0.18 S
Rates of repeated words 6=1.16% | 6=0.49% | =067 Not significant
. . u=16,64 | w=30.50 | u=-13.86 S
Number of disfluencies 06=12.18 | 6=4010 | 6=-27.91 Not significant
i?ﬁ:ef csl.leslffl-llj:t:‘;:'ispt(lf:)l:\id W=4.07% | u=6.27% | p=-2.20 Significant
’ 0=1.86% | 0=2.74% | 0=-0.88
and repeated words)
Lexical metrics
Rates of space-related p=14.12 | p=10.76 | p=3.36 AD. .
words 0=4.19 | 0=2.38 | o=1,81 | Significant
Rates of number-related M=2.40 u=3.61 u=-1.21 Sianificant
words 0=1.37 | 0=1.34 | 0=0.03 9
Rates of movement-related u=5.64 pu=6.10 u=-0.46 Not sianificant
words 0=3.63 | 0=3.21 | 0=0.42 9
Rates of relativity-related
pu=25.17 | py=22.22 | p=2.95 -
words (space, number and 5=507 5=4.03 5=1.04 Not significant
movement)
Rates of cognition-related pu=13.41 p=13.50 | p=-0.09 .
words 0=4.02 | 0=1.61 | o=2.41 |Notsignificant
Rates of perception-related u=6.59 pu=5.55 u=1.04 S
words 0=1.76 | 0=1.73 | o=0.03 |Notsignificant
— H=4.99 p=3.12 H=1.87 -
Rates of sight-related words o=1.51 =153 | 5=-0.02 Significant
: p=3.02 pu=4.69 p=-1.67 S
Rates of uncertainty words 6=1.60 0= 47 5=-0.87 Not significant
Rates of tentativeness-related pu=1.02 p=1.59 u=-0.57 Not significant
words 0=0.58 0=0.77 0=-0.19 9
Rates of inclusion-related u=8.84 nN=9.40 u=-0.56 Not sianificant
words 0=2.05 | 0=2.18 | 0=-0.13 9
Rates of first-person singular pu=3.77 pu=4.05 p=-0.28 N
pronouns 0=3.47 0=3.18 0=0.29 Not significant
Rates of third-person u=9.45 u=7.67 u=1.78 N
pronouns 0=3.20 0=1.97 0=1.23 Not significant
Rates of words connoting | 45 09 | Md=0.45 | Md=-0.45 | Not significant
negative emotions
Rates of swear words Md=0.55 | Md=0.27 | Md=0.28 | Not significant

Table 3. Mean (p) and standard deviation (o) for each metrics in the low cognitive load (LCL)
and high cognitive load (HCL) conditions, the delta between the baseline (LCL) and the
experimental condition (HCL), and statistical significance of the results. Significant differences
between the two conditions are in bold.

Regarding fluency, we show that the counts of word-tokens and lemmas do not
significantly differ between speakers under high cognitive load and speakers under low
cognitive load. However, the lemma-token ratio shows some small (non-significant)
differences, which display the unexpected tendency, i.e., that speakers in the high cognitive
load condition tend to use more diversified vocabulary. Regarding disfluencies, counts and
rates of filled pauses, word interruptions and word repetitions are investigated separately.
Observations confirm the expected tendencies, with more disfluencies in high-cognitive load
speech, and also show that the higher cognitive load favors inter-individual variability in the
number of words and the use of disfluency devices. However, results of statistical analyses
show that none of these disfluency types are significantly affected by the higher cognitive load.
Since the lack of significance may be due to the small amount of data used in this study, we
also investigate all disfluencies merged into one macro-category. For disfluencies in general,
there is no difference between the two groups of speakers regarding their raw counts, however
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there is a significant difference in the rates of disfluencies proportionally to the amount of
speech uttered, with more disfluencies in the speech of participants in the high cognitive load
condition, which confirms past literature.

Regarding lexical metrics, we investigate geometry-related terms, that were expected to
show some lexical difference given the nature of the task, and we find a significant difference
in the space- and number-related words, with less space-related vocabulary but more number-
related vocabulary in the high cognitive load condition. We also investigate cognition- and
perception-related terms but find no difference between the two speaker groups, contrary to
past research. However, when focusing on a specific type of perception words, i.e., the
vocabulary of sight, we do find that the high cognitive load speakers use less of them, which
could be expected from the nature of the task. We also investigate the vocabulary of hesitancy
and tentativeness and find the expected tendencies, with more of such words in the high
cognitive load condition, but not in a statistically significant way. Finally, we analyze the
vocabulary of inclusion and the use of pronouns (singular vs. plural, first vs. third person), but
find no differences between the groups on either parameter.

Finally, we investigate the emotional polarity of speakers in each group and find that
speakers under high cognitive load indeed use more negative emotion words, but not in a
significant way. When focusing on swear words as a proxy for expression of anger and
frustration, results are not significant either.

To sum up, we confirm the result of past literature on other languages by showing that
speakers of Belgian French indeed have a higher tendency to disfluency when submitted to a
higher cognitive load. Our results thus indicate that at least this one parameter could be a
cross-linguistic cue of higher cognitive demand during speech production. This should of
course be confirmed on a larger sample of languages from more diversified language families.

However, significant lexical differences are to be found in the more specific vocabulary
related to space, numbers and sight, while we find no differences regarding other general
vocabulary, such as cognition-, perception-, tentativeness- or inclusion-related words used by
the speakers when they are conscious of being submitted to a (difficult) task, nor regarding the
emotional polarity of words. These results differ from Khawaja et al. (2014)’s results on English,
which is probably due to the different tasks used to increase cognitive load (more vs. less
visual material) and the different settings (multilogual vs. monologual / self-directed speech).
It may also be that English and French differ altogether in their uses of such meta-linguistic
vocabulary that comment on ongoing actions, but further studies would be needed to confirm
this hypothesis.

The present study could benefit from additional measurements. In particular, the duration
of filled pauses, as well as that of silent pauses, could refine our understanding of the impact
of cognitive load on fluency. Along similar lines, a more precise investigation of repetitions may
be in order. In the present work, were counted as repetitions only repetitions of one word
immediately after itself. Yet when looking at the data, it appears that some repetitions may
involve larger chunks of words, sometimes with correction. A manual identification of such
sequences would be useful for future investigations. Finally, it should be noted that the
differences observed between the two groups may be due to other variables than the
experimental condition. In particular, genders were not balanced among the two groups, with
much more female speakers in the low cognitive load group and much more male speakers in
the high cognitive load group. Speakers from the low cognitive load group are also much older
than those from the high cognitive load group (6=13.30). Given that older age may impair
performance or ease in such technology-oriented settings, it is possible that some differences
would have been more obvious or more significant between the two groups if the speakers
from the low cognitive load condition had been younger. A more balanced dataset is thus
needed to confirm the present observations.

Nonetheless, our results fill the gap in the literature regarding the effect of cognitive load
on the processing of the French language. We show that some tendencies found in other
studies on other languages such as English and German can be generalized, and could thus
be cross-linguistic tendencies, i.e., language universals. However, these results should be
confirmed with a larger amount of data, since, as could be seen, some of the results are not
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significant due to the small amount of data available. Moreover, some differences may need
to be investigated on other types of speech, such as the use of pronouns which was not
properly observable given the particular monologual, self-directed speech elicited. In future
studies, we intend to augment EGO to re-run these analyses and confirm or infirm the
preliminary results found here, and also to conduct these analyses on the other half of TACO,
where dialogical speech is elicited, in combination with Knusen et al. (2020)’'s dialogual
tangram corpus.
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