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This study aims to advance our understanding of the nature and source(s) of individual differences in prag-
matic language behavior over the adult lifespan. Across four story continuation experiments, we probed
adults’” (N =496 participants, ages 18—-82) choice of referential forms (i.e., names vs. pronouns to refer to
the main character). Our manipulations were based on Fossard et al.’s (2018) scale of referential complex-
ity which varies according to the visual properties of the scene: low complexity (one character), interme-
diate complexity (two characters of different genders), and high complexity (two characters of the same
gender). Since pronouns signal topic continuity (i.e., that the discourse will continue to be about the same
referent), the use of pronouns is expected to decrease as referential complexity increases. The choice of
names versus pronouns, therefore, provides insight into participants’ perception of the topicality of a ref-
erent, and whether that varies by age and cognitive capacity. In Experiment 1, we used the scale to test the
association between referential choice, aging, and cognition, identifying a link between older adults’
switching skills and optimal referential choice. In Experiments 2—4, we tested novel manipulations that
could impact the scale and found both the TIMING of a competitor referent’s presence and EMPHASIS placed
on competitors modulated referential choice, leading us to refine the scale for future use. Collectively,
Experiments 1-4 highlight what type of contextual information is prioritized at different ages, revealing
older adults’ preserved sensitivity to (visual) scene complexity but reduced sensitivity to linguistic prom-

inence cues, compared to younger adults.
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Over the last half-century, interest has grown in understanding the
extent to which aging affects linguistic skills, given the strong asso-
ciation between social interactions and elderly life satisfaction
(Lubben & Gironda, 2003). While it is commonly assumed that
the domain of language is well-preserved across the adult lifespan,
emerging research suggests that not all aspects of language are
equally spared with advanced age (Wright, 2016). One area prone
to decline is pragmatics (i.e., the socio-cognitive skills that allow

us to infer meaning beyond what is said and tailor our utterances
to our interlocutor; Messer, 2015).

The cause of the pragmatic decline in healthy aging is unclear. A
number of pragmatic skills (e.g., efficient communication,
perspective-taking, and the use/interpretation of figurative language)
have been linked to executive functions (i.e., the set of cognitive
skills associated with goal-oriented actions; Antoniou et al., 2016;
Bambini et al., 2021; Long, Rohde, & Rubio-Fernindez, 2020;
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Long et al., 2018). These cognitive skills follow a similar lifespan tra-
jectory as pragmatic skills, developing in childhood, peaking in young
adulthood, and deteriorating in old age (e.g., Messer, 2015), which
has led researchers to theorize that executive functions underlie the
processing and production of pragmatic-relevant information.
However, this is not the case for all pragmatic skills (e.g., Schubotz
et al., 2019), which suggests that certain skills may depend less on
domain-general cognitive control and more on language-specific
mechanisms and/or social and environmental factors. Collectively,
these findings highlight the complex relationship between language,
cognition, and aging and the need for further investigation.

From both a theoretical and practical standpoint, the investigation
of this complex relationship has the potential to push the field for-
ward. On a theoretical level, we can gain a unique insight into the
human mind by studying older adults as they have extensive lan-
guage experience but vary considerably when it comes to cognitive
control. Unlike children (whose linguistic and cognitive skills are
still developing) and young adults (whose linguistic and cognitive
skills are typically at ceiling), older adults’ distinct profile offers
an ideal testbed for examining the extent to which the ability to reg-
ulate language reflects cognitive control or sensitivity to other fac-
tors in the discourse context. By conducting comprehensive
studies over the adult lifespan, we can thus better understand the
dynamics between language skills and cognition at different stages
of development.

On a practical level, identifying linguistic patterns in healthy
aging is a prerequisite to identifying linguistic patterns in patho-
logical aging (Wright, 2016). By pinpointing the conditions
under which younger and older adults’ behavior diverges, we
can provide the necessary normative data to inform clinical prac-
tice regarding communicative health and interventions and to
promote successful social interactions in old age, with the ulti-
mate goal of empowering elderly individuals and improving life
satisfaction.

Against this background, the current study aims to advance our
understanding of pragmatic language behavior in aging through
the contribution and analysis of a large set of data on adults’ refer-
ential choices over the lifespan (N = 496 participants, ages 18-82).
Here we systematically probed younger, middle-aged, and older
adults’ choice of more or less explicit referential forms (i.e., proper
names vs. pronouns to refer to the main character) across four story
continuation experiments. As pronouns are a discourse marker' of
topic continuity (i.e., a way of marking that the discourse will con-
tinue to be about the same referent; Sandoz et al., 2023), the choice
of whether to use a pronoun or proper name provides insight into
participants’ perception of the topicality” of a referent in a given
context.

Our contextual manipulations were based on Fossard et al.’s
(2018) scale of referential complexity, whereby the complexity of
coreference decisions is classified according to the visual properties
of the scene: specifically, the number of characters (one or two) and
their sex/gender (same or different). In Experiment 1, we used
Fossard et al.’s scale to test the association between referential
choice, aging, and cognition. In Experiments 2-4, we expanded
on this by testing novel manipulations that could impact referential
complexity due to COMPETITION FOR TOPICHOOD. Specifically, we
manipulated: (a) the NUMBER of competitor referents in the scene/dis-
course (0-2); (b) the TIMING of competitors’ presence (early or late in
the scene/discourse); and (c) the EMPHASIS on competitors (relative to

the main character). Overall, our results shed light on the nature and
source of age-related differences in referential choice and pinpoint
novel factors relevant to referential complexity, which we situate
onto Fossard et al.’s complexity scale for the first time, creating a
more nuanced continuum.

Referential Choice in Aging

As mentioned above, speakers make referential choices when
deciding on the type of linguistic form to use to refer to a given
entity. Speakers can choose from a variety of forms to refer to the
same entity, from semantically rich proper names, to less explicit
pronouns, or physical descriptions. For example, a speaker who
introduces a referent “Sally” during a conversation might choose,
in subsequent sentences, to refer back to Sally using a reduced
form “she.” This type of anaphoric reference would work well in
contexts where Sally is the only referent being discussed or where
the other referents are males. However, when there are multiple
female referents being discussed, the use of “she” could create ambi-
guity for the listener, and the more informative referential form
“Sally” may be more appropriate.

A large body of work has investigated speakers’ choice of refer-
ring expressions in contexts like the one above, where referential
expressions can either facilitate the sharing of information with a
communicative partner or leave them guessing (e.g., Arnold &
Griffin, 2007; Fukumura et al., 2010, 2013; Novogrodsky &
Edelson, 2016; Serratrice, 2013). One of the most prevalent findings
from this work is that children and older adults have difficulty with
anaphora resolution and are more likely to produce ambiguous pro-
nouns than younger adults (Hendriks & Spenader, 2006; Hendriks et
al., 2008; Karmiloff-Smith, 1985; Light & Capps, 1986; Light et al.,
1994; Pratt & MacKenzie-Keating, 1985; Pratt et al., 1989). In a
novel line of research, Hendriks et al. (2014) set out to address
what underlies these production differences.

In their study, Hendriks et al. found that children and older adults’
use of ambiguous pronouns is related to the complex interplay
between topic shifts and discourse stages, which involves making
calculations with regard to what information is in the common
ground and which referents occupy a status of prominence at any
given time. They uncovered this pattern by presenting children,
young adults, and older adults with a series of panels in which
two characters of the same sex/gender carried out various actions,
and asked participants to recount a story for an addressee who
could not see the panels. The panels depicted a sequence of events
which involved the use of three discourse stages: Introduction,
Maintenance, and Re-Introduction. As predicted, calculating what
information is in the common ground, particularly when shifting
topics, can be mentally taxing for children and older adults whose
cognitive resources are not fully developed or could be in decline.
What remains unclear, however, is whether such differences also
emerge in the absence of topic shifts, when the complexity of the
immediate visual context varies systematically.

! Note that the above definition of “discourse marker” is one of several def-
initions used in the literature (see, e.g., Renkema & Schubert, 2018; Shukla et
al., 2022 for other uses of the term).

2 Here and throughout the paper we use the term “topic” to mean the ref-
erent who the discourse is about (using the information structural sense of
topical “aboutness”; e.g., Lambrecht, 1994).
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Aging, Referential Complexity, and Discourse Stage

A promising new line of research has begun to address this ques-
tion by testing referential choices across all three discourse stages
(Introduction, Maintenance, and Re-Introduction) and all three lev-
els of referential complexity (Fossard et al., 2018; Sandoz et al.,
2020, 2023). According to Fossard et al. (2018, p. 5), “Referential
complexity can increase either when there is an increased number
of characters or when two (or more) characters have the same gen-
der.” More specifically, Fossard et al. classify these manipulations
along the following scale: low complexity level (one character in
the scene), intermediate complexity level (two characters of different
genders in the scene), and high complexity level (two characters of
the same gender in the scene, creating potential ambiguity).

In their study, Fossard et al. (2018) tested younger adults in a
storytelling-in-sequence task and found that the referential complex-
ity of the scene affected pronominal use not only at the topic shift (or
Re-Introduction stage), which has been the focus of much of the lit-
erature, but also at the Maintenance stage where pronominal rates
decreased in response to an increase in the number of characters
(or referential competitors) in the visual scene. This finding high-
lights the importance of expanding our focus to other discourse
stages which could similarly be affected by referential complexity,
and which might interact with age.

Building on this work, Sandoz et al. (2020) replicated findings
from Fossard et al. (2018) in Alzheimer’s patients and older adult
controls and discovered that cognitive resources are not only relevant
for Re-Introduction (where topic shifts occur), but also other dis-
course stages where it may be optimal to signal the status of a refer-
ent as topical through reduced referential forms. Specifically, for
both older adult and clinical populations, Theory of Mind and
“planning skills” (i.e., a set of skills used to carry out goal-directed
behavior’) were negatively associated with the use of definite
expressions in Maintenance contexts (i.e., poorer cognitive skills
were associated with the use of a nonoptimal overexplicit referential
form for a discourse context involving topic continuity). In interpret-
ing these results, Sandoz et al. expand on the link between planning
skills and optimal referential choice by suggesting that “planning
abilities could reflect the participant’s capacity to guide their
addressee to maintain his focus on the intended referent” (p. 16).
Since pronouns are reserved for highly topical referents (e.g.,
Ariel, 1990), the authors argue that the use of other referential
forms could disrupt the listener’s representation of the active refer-
ent, inadvertently signaling a topic shift. As such, those with better
planning skills may rely on those cognitive abilities to guide their
choice of appropriate referential form.

Expanding on this work, Sandoz et al. (2023) again found that
planning skills were predictive of pronominal use in Maintenance
contexts (such that better planning was associated with an increase
in pronominal use), this time in a group of older adults varying in
age from 60 to 91 years old. This finding lends further support to
their claim that planning abilities reflect participants’ capacity to
mark topic continuity for the listener through pronominal use. As
few studies have investigated the topic-marking function of pro-
nouns, this work highlights the need for more research on pronouns
as a signal of referent status and an indicator of discourse planning,
which will be addressed in the current study.

From an aging perspective, the link found between pronoun use
and cognitive control was also particularly noteworthy. Given that

planning skills predicted pronominal use in the elderly population,
it is reasonable to ask whether the same is true for younger and
middle-aged adults, whose cognitive functions vary considerably
from older adults. Indeed, recent work has shown that depending
on the pragmatic ability, younger and older adults rely on the
same or different cognitive mechanisms to guide referential commu-
nication (Long, Rohde, & Rubio-Ferndndez, 2020; Long et al.,
2018). It is thus an empirical question as to what underlies pronoun
use in Maintenance contexts at different ages. By testing a wide
range of ages over the adult lifespan, we can better understand the
trajectory of pronominal use at different stages of development
(i.e., what happens in between the younger and older years? Are
changes gradual or is there a sharp shift in skills at certain age bound-
aries?). It will also allow us to better investigate the role of
age-related cognitive change on referential choice.

Current Study

The aim of the current study is to address these knowledge gaps
while expanding on Fossard et al.’s referential complexity scale.
Following previous work (e.g., Arnold & Griffin, 2007; Fukumura
et al., 2010), we presented participants with two panel scenes at
the start of a trial and gave them a sentence describing the first
panel; they then were asked to construct a story continuation
based on the second panel for a hypothetical addressee.

In each of our experiments, we held the discourse stage constant,
allowing us to systematically test the role of referential complexity
and aging on referential choice while focusing on an understudied
discourse stage: Maintenance. Until recently, the widespread
assumption has been that the target referent in Maintenance contexts
is always highly topical for both speaker and addressee (Hendriks et
al., 2014) and thus should not result in differences in referential
choice. However, as mentioned above, emerging work has found
that referential choice in Maintenance contexts is not uniform, but
rather varies as a function of referential complexity and executive
functions (Sandoz et al., 2020, 2023), making it particularly suitable
for a study of this nature.

One advantage of studying Maintenance contexts over the com-
monly studied Re-Introduction stage is that we can compare referen-
tial choice across all three levels of Fossard et al.’s referential
complexity scale (which is not possible with Re-Introduction as
one cannot reintroduce a referent in one-character scenes).
Another advantage to studying Maintenance contexts is that the
use of pronouns is generally felicitous, providing us with an oppor-
tunity to investigate the use of pronouns as discourse markers
(Sandoz et al., 2023). Importantly, while pronouns are the preferred
marker of topical referents and names the form used to mention less
topical referents, the use of names in this context is still felicitous. In
other words, even though pronouns are optimal for marking topic
continuity, a name would still effectively identify the target referent
for the listener. As such, contexts like these which permit felicitous
variation are well-suited for testing referential complexity effects
across different age groups as there are no hard constraints delimiting

3 Note: “planning skills” may involve a wide range of executive functions,
as goal-directed behaviour depends on various cognitive processes that can
be recruited in strategic ways. In Experiment 1 we attempt to clarify which
type of cognitive “planning skills” are involved in referential choice across
the adult lifespan.
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what forms are permitted; instead, there are more or less felicitous
choices. We thus expect variation between the use of a pronoun
and a more explicit referring expression, with the exact choice
depending on the context of use (i.e., complexity level) and potential
features of the speaker (e.g., their age and cognitive abilities).

Within the Maintenance contexts, we first tested Fossard’s refer-
ential complexity scale alongside participants’ cognitive skills
(Experiment 1), then expanded on the scale by examining three
novel visual and discourse manipulations as additional factors that
could impact referential complexity and lead to age-related differ-
ences (Experiments 2—4). Because pronominal use is guided by
the likelihood of a given referent as the topic of the discourse
(e.g., Lambrecht, 1994; Rohde & Kehler, 2014; Strawson, 1964),
we varied the COMPETITION FOR TOPICHOOD between the main character
and competitors for each manipulation. Specifically, we varied: (a)
the NUMBER of competitors in the scene/discourse (0-2); (b) the
TIMING of competitors’ presence (early or late in the scene/discourse);
and (c) the EMPHASIS on competitors (relative to the main character).
This allowed us to pinpoint whether such variations would sway the
perceived level of complexity in one direction or another (i.e., up or
down the scale; see Figure 1).

In what follows, we present our four experiments, each with an
introduction that outlines the theoretically motivated predictions
and findings. For the purposes of this research, we were interested
in the use of more and less explicit referential forms, thus our coding
scheme for each experiment was based on participants’ rate of pro-
nominal use relative to names (i.e., 1 = pronouns, 0 = names).

Experiment 1: Testing Age and Executive Control Using
Fossard’s ET AL (2018) Scale

Our first experiment is a replication of Experiment 1 from Arnold
and Griffin (2007) whereby we presented participants (N = 200,
ages 19-82) with two types of critical trials: one-character scenes
(where only one character was present in Panels 1 and 2) and one-
character scenes (where two characters of a different sex/gender
were present in each panel).

These manipulations correspond to Levels 1 and 2, respectively,
on Fossard et al.’s referential complexity scale (see Figure 1).

Results from Arnold and Griffin (2007) revealed that younger
adults used pronouns less frequently for two-character than one-
character scenes (i.e., for scenes with greater referential complexity),

Figure 1

Lllustration of Fossard et al.’s (2018) Referential Complexity Scale,
With a Question Surrounding the Influence of Our Critical
Manipulations

s N

Level 2 Level 3

Level 1

2 characters
same gender

2 characters

1 character different gender

| 4 Competition
v for topichood?

Note. Specifically, do factors relating to COMPETITION FOR TOPICHOOD sway
the level of referential complexity (i.e., move the arrow up or down the
scale)? See the online article for the color version of this figure.

even though a pronoun would have been unambiguous in either con-
dition. In other words, when the sex/gender of the characters is held
constant (i.e., unambiguous in either condition), the number of char-
acters appears to influence perceived referential complexity. To date,
this effect has been replicated in studies with young adults (e.g.,
Fukumura et al., 2010), young children (Serratrice, 2013), and more
recently older adults (Sandoz et al., 2020, 2023), demonstrating
Amold and Griffin’s original findings are robust (2007). However,
it has yet to be determined whether adults at different stages of devel-
opment (young adults vs. middle-aged adults vs. older adults) remain
similarly sensitive to this distinction in referential complexity and/or
whether general differences in referential behavior will emerge.

As such, this experimental paradigm allowed us to simultaneously
test two research questions: (a) In general, do patterns of referential
choice vary as a function of age and executive control? (b) More spe-
cifically, do patterns of referential choice vary by those factors as
well as the referential complexity of the visual scene?

Research Question 1: General referential patterns and cognitive
aging.

After an initial analysis to confirm that participants’ executive
functions varied in the expected direction (i.e., a pattern of decline
with increasing age; see Appendix A), we can test the nature of
the relationship between adults’ overall rate of pronominal use and
executive function skills.

Based on prior work on referential communication, we predicted that
younger and older adults would rely on different cognitive strategies rel-
evant to their age and cognitive profile (e.g., Long et al., 2018). Further
supporting this prediction are studies that show executive functions fol-
low distinct trajectories over the adult lifespan, with certain skills declin-
ing earlier than others (e.g., Daniels et al., 2006; Meiran & Gotler, 2001;
Reimers & Maylor, 2005) and at substantially different rates depending
on the age group—for example, slow decline in middle age with rapid
decline in old age (e.g., Reuter et al., 2019; Verissimo et al., 2022). As
such, it stands to reason older adults would rely on the cognitive
resources still available to them to guide referential choice.

The above work highlights a significant point: meaningful distinc-
tions in human behavior are often associated with particular stages of
development (e.g., young adulthood, middle age, and old age). As
such, it can be advantageous to treat age as both a continuous and
categorical variable, to gain a more nuanced picture of the rise and
fall of certain skills both collectively and specific to one’s age
group, a technique often employed in clinical work (e.g., Jorm et
al., 2005). Given that our study includes all three adult age groups
(including middle-aged adults whose referential behavior has yet
to be studied in this context), we will conduct separate continuous
and group analyses with regard to age. Specifically, in our first anal-
ysis, we will test whether cognitive control predicts pronominal use
across the adult lifespan by treating age as a continuous variable. In
our second analysis, we will examine the role of cognitive control on
referential choice in younger, middle-aged, and older adult groups.

The cognitive measures selected for this study were based on
emerging research in aging and referential choice. Specifically,
recent work on older adults has found a link between better planning
abilities and increased pronominal use as a signal of topic continuity
(e.g., Sandoz et al., 2020, 2023). For the purposes of this study, we
focused on three critical areas of attentional control (as indices of
“planning skills”) that have been associated with linguistic behavior
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(Long, Rohde, & Rubio-Ferndndez, 2020; Long, Vega-Mendoza,
et al., 2020; Long et al., 2018): sustained attention, inhibitory con-
trol, and attention switching, in addition to working memory.”*

Inhibition and attention switching play an important role in regu-
lating cognitive control, as outlined in Braver’s (2012) “dual-
mechanisms of control” framework. According to this framework,
the ability to coordinate, regulate, and maintain goal-directed behavior
is operationalized through the dynamic use of two semi-independent
yet complementary modes of cognitive control: a proactive mode that
optimally biases attention to a given goal (an index of inhibitory con-
trol) and a reactive mode in which a response is triggered after inter-
ference is detected (an index of attention switching). Applying
Braver’s framework to pronominal use, if your goal as an interlocutor
is to prioritize attention to the subject of the sentence and maintain the
listener’s representation of that active referent, then less attention
would be given to the secondary character resulting in a higher rate
of pronominal use to refer to the subject. If, however, you prefer a
reactive mode of control, then attention would be allocated to each ref-
erent mentioned, and as a late corrective mechanism, the secondary
character would need to be inhibited while attention is refocused on
the subject. While each mode of control involves its own distinct
flow of processes, and individuals may favor different modes at differ-
ent ages, ultimately the same predictions can be made regarding ref-
erent accessibility: those with better cognitive control will produce
higher rates of pronouns, signaling topic continuity.

Within the cognitive aging literature, there is evidence that older
and younger adults favor different modes of cognitive control
(e.g., Braver, 2012) which may be driven by the availability of cog-
nitive resources at different ages (Jimura & Braver, 2010; Paxton et
al., 2008). While attention-switching skills are more likely to remain
intact in old age (Meiran & Gotler, 2001; Reimers & Maylor, 2005;
Verhaeghen & Cerella, 2002) continuous sustained inhibition is less
likely to remain intact and is arguably more cognitively taxing for
older adults (Chiew & Braver, 2017). This would explain why recent
work revealed that inhibition was not a robust predictor of pragmatic
competence in older adults (Bambini et al., 2021). Based on these
findings, we theorize that attention switching will underlie older
adults’ pronominal use whereas inhibitory control will underlie
younger adults’ pronominal use. This prediction also raises an inter-
esting question: At what stage of life do potential shifts in cognitive
strategies occur? Our separate analyses on younger, middle-aged,
and older adults should help to provide an answer.

In addition to attentional functions, working memory may also
play a role in discourse planning. Indeed, working memory has
been found to influence pragmatic competence across a variety of
tasks and ages (e.g., Bambini et al., 2021). As such, it is plausible
that those with higher working memory skills are more likely to
use pronouns to refer back to the subject referent because they are
better able to hold on to and subsequently consult their discourse
representation to decide the appropriate referential form to use. If
this is the case, we may expect that younger adults are more likely
to rely on this type of strategy as older adults tend to experience
age-related decline in working memory skills (Craik et al., 1990).

Research Question 2: Testing Fossard et al.”s (2018) scale of ref-
erential complexity.

In addressing the second research question, we assessed adults’
rate of pronominal use across referential complexity Levels 1 and

2, predicting no age-related differences in referential behavior.
This prediction is based on findings from separate studies which
have revealed that children, younger adults, and older adults all
use pronouns less frequently for two-character than one-character
scenes (Arnold & Griffin, 2007; Fossard et al., 2018; Fukumura
et al., 2010; Sandoz et al., 2023; Serratrice, 2013), even though a
pronoun would be unambiguous in either condition. While it has
been theorized that a distinction between one versus two characters
may be driven by a division in attentional resources between multi-
ple referential candidates (e.g., Arnold & Griffin, 2007; Karimi,
2022), no study to date has been able to link executive function skills
to this two-character effect, even when examining the older adult
population whose executive function skills vary dramatically (e.g.,
Sandoz et al., 2020, 2023).

Based on these previous findings, we expect that adults’ sensitiv-
ity to the referential complexity of the immediate visual scene to
remain stable in these one versus two-character contexts, such that
adults of all ages will reduce their pronominal use in two-character
scenes. As no study has tested a large sample of younger, middle-
aged, and older adults together, our results will shed light on whether
this seemingly robust effect replicates at each stage of the adult
lifespan.

Given that there is some evidence from studies of pragmatics/ref-
erence and aging that including versus excluding fillers differentially
affects younger and older adults’ referential behavior (Long, Rohde,
& Rubio-Ferndndez, 2020), we decided to test participants in both
scenarios. In keeping with Arnold and Griffin (2007), Version 1
of our task included filler trials randomly interspersed in the trial
sequence. In Version 2, we removed the filler trials so that a separate
set of participants only saw critical trials. If the previously docu-
mented filler effect extends to pronominal use, the removal of fillers
may reveal age-related differences which could have otherwise been
masked. In addition, we expect a general effect of version such that
those administered the version with fillers will become more famil-
iarized with the characters resulting in an increase in pronominal use.

Method
Participants

A total of 209 adults were recruited from the University of
Edinburgh volunteer panel, the University Careers Services website,
and local community groups. All correspondence was done via
email, which ensured that everyone who registered was computer lit-
erate. Written informed consent was obtained from all participants
and the study was approved by the University of Edinburgh
Linguistics and English Language ethics committee.

Of the 209 participants who underwent the initial cognitive
assessment (detailed in Appendix A), a total of 104 adults went
on to participate in Version 1 of the story continuation task (i.e.,
the version of the task with fillers), while the remaining 105 partic-
ipants were tested in Version 2 (critical trials only). Participants were
assigned to one of the two versions according to their availability for
in-lab testing (with the first batch of participants administered
Version 1 of the task and the second batch Version 2). Prior to anal-
ysis, we excluded four participants from Version 1 (three nonnative

* Following previous work, sustained attention was used as a baseline mea-
sure to ensure participants did not have severe attentional deficits.
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English speakers and one with abnormally low attentional scores)
and five participants from Version 2 (three nonnative English speak-
ers, one participant with hearing difficulty, and one due to a technical
malfunction), resulting in a total of 200 native English speakers (100
in each group) with normal vision and hearing.

The age ranges in each group were nearly identical: 19-82 in
Version 1 and 19-81 in Version 2. However, the age distributions
were not parallel in the two groups (see Figure 2). As the median
age for each group was different (Table 1), we tested for a main effect
of Age across the two versions.” A simple linear model (age ~ ver-
sion) revealed a significant difference in age between the two ver-
sions (p <.001), such that participants in Version 1 were overall
older than those in Version 2. The potential confound of age and ver-
sion will be addressed in the analyses and interpretation of the
results.

Design and Procedure

Story Continuation Task. The story continuation task included
20 critical trials, each consisting of two-panel vignettes featuring one
or two animal characters carrying out actions (see Figure 3). A total
of 10 possible characters, five male and five female, were randomly
combined to create the displays (Males: Birdie, Doggie, Froggy,
Horsey, Piggy; Females: Bunny, Duckie, Goosey, Kitty, Mousey).
Females were depicted with long eyelashes and usually wore dresses
and bows, whereas males wore trousers and ties. Critical trials
consisted of one-character vignettes (n =10) and two-character
vignettes (n = 10). Each participant saw 20 critical trials, with the
assignment of one-character or two-character conditions rotated
across items in a Latin Square design.

Following Arnold and Griffin (2007), Version 1 of the task
included filler trials (n =40) randomly interspersed in the trial
sequence. Fillers were a hybrid of one- and two-character trials
such that the number of characters varied from Panel 1 to Panel 2,
with a transition from 1 — 2 characters (n = 20) or 2 — 1 (n = 20).
The same 10 characters featured in critical trials were also featured

Figure 2

A Histogram of the Age Counts (i.e., Number of Participants at
Each Age) Across Versions of Experiment 1 (i.e., Version 1: With
Fillers and Version 2: Without Fillers)
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Note. See the online article for the color version of this figure.

Table 1
Model Output for Pronominal Use
Fixed effect Coefficient SE p

Switching 7129 2518 .0046
Working memory —.0068 2289 9763
Inhibition —.1794 2165 4074
Age .6092 2189 .0054
Switching x Age 0127 2509 9597
Working Memory x Age —.2633 2196 2304
Age x Version x Complexity 0159 2172 9415

Note. Significant main effects and interactions are shaded.

in filler trials. Version 2 of the task included the same critical trials,
but no filler trials.

At the beginning of each trial, a preview of both panels appeared
for 2 s, then the first panel remained in the top half of the computer
screen. Participants heard a recorded sentence describing the first
panel and they repeated it (for a full list of sentences, see
Appendix C); then the second panel appeared beneath the first and
participants constructed a story continuation to describe the scene
in the second panel. For two-character trials, both characters were
depicted as similarly sized in Panel 1. The main character (i.e., the
subject of the sentence in Panel 1) was always shown carrying out
an action worthy of narration in Panel 2 (e.g., eating rice with a
spoon in Figure 3, Panel 2). To further encourage participants to
refer to the main character, the secondary character was depicted
as relatively inactive and smaller than the main character in Panel
2. To create the one-character trials, we simply removed the second-
ary character so only the main character was present in the two pan-
els. Main characters were rotated such that each of the 10 characters
was featured as the main character in two critical trials. Sentences
were presented in the past tense, and when a secondary character
was present, the character was mentioned in a “with” phrase (e.g.,
Doggie cooked rice [with Mousey] for dinner).

Of interest was the way in which participants referred to the main
character (i.e., with a pronoun or a name) in describing Panel 2 and
whether the referential form varied depending on the presence or
absence of a secondary character in the scene. Importantly, in two-
character trials, the characters were always a different sex/gender
so a pronoun would distinguish between the two. Thus, the use of
a name in this context should reveal the speaker’s assessment of
the scene as more referentially complex, whether directly or indi-
rectly (e.g., driven by a failure of executive function in the face of
more complex scenes), though alternative explanations also exist
(e.g., a retrieval error).

At the start of the task, participants were introduced to the 10 ani-
mal characters by name and were then asked to identify each of them
on their own. To ensure participants of all ages could remember the
10 names, we chose names based on the animal name (e.g., the
mouse character was named Mousey). Participants were told to
imagine that they were telling stories for a 5-year-old child and to
refrain from adding extra humor. After the character familiarization
phase, participants were given two practice trials before beginning

3 We would like to thank Reviewer 2 for inviting us to conduct this anal-
ysis, which revealed differences in the age distribution of participants across
the two versions of the task.
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Figure 3
Sample One- and Two-Character Trials
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Panel 1: “Doggie (M) cooked rice for dinner.” Panel 1: “Doggie (M) cooked rice with Mousey (F)

for dinner.”

Panel 2. Panel 2:

Note. See the online article for the color version of this figure.

the task. Participants’ responses were audio recorded for transcrip-
tion and coding purposes.

Data Selection Criteria

Practice trials and filler trials were not included in the analysis.
Using the same criteria outlined in Arnold and Griffin (2007), we
only included responses that referred to the main character as the
subject of the sentence and preceded any mention of another charac-
ter. As such, we excluded cases in which the referring expression
denoted more than one character (e.g., they, both of them, Doggie
and Mousey, etc.) or was possessive (e.g., Birdie’s ball, her ball,
etc.). We also excluded cases of naming errors (for both character
and gender), though self-corrections were not excluded.
Furthermore, we excluded cases where the referring expression
was elliptical (e.g., ...and went to the park), as well as cases
where the response started with a quote from one of the characters
(e.g., Mmm this rice is delicious.). Finally, we excluded cases
where the referring expression was part of a subordinate clause
(e.g., When Goosey [main character] dozed off, Doggie [secondary
character] went for a walk.) unless the referring expression in the
subordinate clause did not differ from that in the matrix clause
(e.g., When he [main character] got to work, he [main character]
was still feeling ill.). A total of 199 responses (out of 2,000) were
excluded, thus around 10% of the data.

Results
Summary of Initial Cognitive Analyses

A full description of the methods and results from the initial cog-
nitive assessment is presented in Appendix A. Our results revealed
a main effect of age on switching (p <.001) and working memory

(p <.001) in the predicted direction: as age increased, switching and
working memory decreased. These results provide confidence that
there is sufficient age-related variability within our sample.
Moreover, the direction of the effect is in line with findings from
the aging literature (Gilchrist et al., 2008; Wasylyshyn et al.,
2011). While our measure of inhibition showed no effect of age
(p = .196), this result supports findings from a recent meta-analysis
calling into question the notion that inhibition typically deteriorates
with age (Rey-Mermet & Gade, 2018). Another possibility for this
null effect of age is that our inhibition measure was not sensitive
enough. However, as shown in the table and graphs in Appendix
A, scores were not uniformly at ceiling (as was found for our base-
line measure of sustained attention), thus our participants displayed
suitable variability in this measure.

Analyses for Research Question 1: General Referential
Patterns

In our first analysis, we tested general referential patterns as a
function of age (treating age as a continuous variable) and executive
control. We conducted a logistic regression model with the binary
outcome variable of pronominal use (pronoun= 1, name = 0)
with age, switching, inhibition, and working memory entered as a
scaled continuous predictors and maximal random effect structure
for participants and items (Barr et al., 2013). All materials, data,
and analyses for each experiment are on OSF: https://osf.io/
7dzta/?view_only=04a2¢c177e2564b27a6699cdedce5bbdd.

A significant main effect of age emerged (p = .005), with greater
pronominal use associated with advanced age, a pattern which has
been documented extensively in the literature (e.g., Hendriks et
al., 2008, 2014). We also found that while inhibition and working
memory did not play a significant role in pronominal use
(p =.405 and p = .984, respectively), switching was predictive of
pronominal use (p = .005), such that better switching was associated
with a higher rate of pronouns (see Table 1). This finding helps to
clarify which type of cognitive “planning” skills are involved in dis-
course planning (Sandoz et al., 2023), highlighting the importance
of attention switching in guiding the use of optimal discourse mark-
ers in Maintenance contexts (i.e., pronouns for topic continuity).

Our second planned analyses treated age as a categorical variable,
allowing us to gain a deeper understanding of both the relationship
and trajectory of switching and pronominal use at different stages of
development. To do so, we performed a tertile age split, dividing
subjects into three equal groups: those in younger adulthood (19—
26 years), middle adulthood (27-66 years), and older adulthood
(67-82 years). The age range for the younger and older groups is
similar to those from prior work (e.g., Hendriks et al., 2008,
2014), allowing us to compare our results with previous findings,
while at the same time studying the in-between years (i.e., the middle
stage of adulthood that has yet to be investigated in this context).

For each age group, we modeled the binary outcome variable of
pronominal use (pronoun =1, name =0) with switching entered
as a scaled continuous predictor and maximal random effect struc-
ture for participants and items (Barr et al., 2013). Our results
revealed that older adults (and to a lesser extent those in the middle-
aged group) appear to be driving the effect of switching (Figure 4),
likely because older adults whose switching capacity is still pre-
served rely heavily on that ability to guide effective communication
(Braver, 2012). Following a steady developmental trend, younger
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Plots of the Tertile Age Split Showing the Relationship Between Switching and Pronoun Use
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adults’ referential behavior is not determined by switching skills
(p=.663), middle-aged adults’ referential behavior begins to
show a marginal (though nonsignificant) relationship (p =.053),
while older adults’ referential behavior shows a significant relation-
ship (p =.044). These analyses demonstrate the importance of
studying adults at each stage of development (not just extremes,
such as younger vs. older adults) as we can gain a clearer picture
of the stage in which adults shift to a reliance on a specific set of cog-
nitive functions to guide referential choice. Together, our two anal-
yses suggest that there is a trend toward an increased reliance on
switching for referential choice as we age, and that this is driven
by older adults (and to a lesser extent middle-aged adults) whose
use of pronouns is strongly linked to switching skills.

Our finding that older adults’ switching skills underlie pronominal
use mirrors results from the pragmatics and aging literature (Long et
al., 2018; Long, Rohde, & Rubio-Fernandez, 2020) and cognitive
aging literature (e.g., Braver, 2012), whereby older adults seem to

Figure 5

rely more on a reactive mode of cognitive control (involving attention
switching) than a proactive mode of control (involving inhibition).
This could be due to a compensatory shift in older adults from a pro-
active to a reactive strategy in the face of age-related neurocognitive
changes, as previously documented (e.g., Braver, 2012; Jimura &
Braver, 2010; Paxton et al., 2008) or to greater variability in switching
in older adulthood, making it a stronger predictor of pronominal use in
that population. Either way, it is noteworthy that switching is what
underlies older adults’ referential behavior considering that many
older adults showed decline in that area (see Appendix A).

For a comparative analysis, we reanalyzed the switching data
using the tertile age split. As shown in Figure 5, a similar linear tra-
jectory emerges as in Figure 4, but this time in the opposite direction,
with a steady decline in switching skills that intensifies in the older
group.

When comparing the tertile age findings, it may seem counterin-
tuitive that older adults would rely on switching skills for discourse

Plots of the Tertile Age Split Showing the Relationship Between Age and Switching Skills
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planning when those skills are in decline. However, we interpret our
results to suggest that older adults whose switching skills are still
in-tact recruit those skills for effective communication. This inter-
pretation is supported by studies in pragmatics and aging which
show a similar trend toward a decline in switching with advanced
age alongside an increased reliance on switching (Long, Rohde, &
Rubio-Fernandez, 2020; Long et al., 2018).

Taken together, our findings suggest that in Maintenance contexts
an increase in pronominal use may be partially driven by a reliance
on switching skills to guide discourse planning in old age. This inter-
pretation is in line with the explanation provided by Sandoz et al. in
their studies with older adults (2020, 2023) whereby enhanced
“planning skills” (in this case switching) can be understood to reflect
a participant’s capacity to guide their addressee to maintain focus on
the intended referent. Following this logic, if older adults are more
likely to prioritize marking topic continuity for the listener through
pronominal use (even though maintaining a referent’s activation
may be cognitively costly), they may rely heavily on executive con-
trol to do so. On the other hand, younger adults (and to a lesser extent
middle-aged adults), who have been found to use far less pronouns
for maintenance (Hendriks et al., 2014) may instead prioritize the
use of more explicit referential forms as a default communicative
heuristic based on the notion that explicitness removes any potential
for referential ambiguity (Note that this is one possible interpretation
of the data; see “General Discussion” for a more in-depth
discussion).

Main Analysis

To test the combined effects of complexity, version, and age on
referential choice, we modeled the binary outcome variable of pro-
nominal use (pronoun = 1, name = 0) with complexity (1 - 1 or
2 — 2/different gender), age, and version (with or without fillers)
and their interactions as predictor variables. Age was entered as a
scaled continuous predictor and deviation coding was used for com-
plexity (1 —» 1=-0.5, 2 — 2/different gender =0.5) and version
(with fillers = —0.5, without fillers = 0.5). The model was fit with
the maximal random effect structure for participants and items
(Barr et al., 2013).

Descriptive statistics for participants’ performance on each ver-
sion of the task are reported in Table 2. Below we review the impact
of the manipulated conditions on participants’ referential choice,
but first, we note the lack of a main effect or interaction with age
(all ps > .05). The absence of interactions suggests that neither ver-
sion nor complexity was affected by age-related changes to cognitive
control®; instead, as predicted, adults of all ages display the same
patterns of referential behavior, demonstrating that they are equally
sensitive to those task manipulations. Regarding the absence of a
main effect of age (which was significant in the previous, smaller
model for the combined data), we conclude that it is likely masked
here by the multiple two- and three-way interactions which were
not significant (see Hawkins, 2004 on model overfitting).”

In line with previous work, our results revealed a main effect of
complexity, in which participants of all ages used more pronouns
(vs. names) in 1 — 1 than 2 — 2/different-gender scenes (p < .001;
for full model output, see Table 3). As predicted, we found a main
effect of version (p =.0319), with a higher rate of pronominal use
in the version with fillers than in the version without fillers
(Figure 6). One way of interpreting this finding is that participants

Table 2
Descriptive Statistics for Experiment 1

One character M SD Range
Version 1 (with fillers)

All participants 54 .50 0-1
Younger adults 45 .50 0-1
Middle-aged .54 .50 0-1
Older adults .63 A48 0-1
Two character M SD Range
All participants 25 43 0-1
Younger adults 22 42 0-1
Middle-aged 21 41 0-1
Older adults 33 47 0-1
One character M SD Range
Version 2 (without fillers)
All participants A7 .50 0-1
Younger adults 54 .50 0-1
Middle-aged 42 49 0-1
Older adults A48 .50 0-1
Two character M SD Range
All participants 13 34 0-1
Younger adults .16 37 0-1
Middle-aged 12 .33 0-1
Older adults 11 32 0-1
Note. The table shows the rate of pronominal use for all participants as well

as a tertile age split for each version of the task. For the purposes of this table,
we carried out tertile age splits. For Version 1, younger adults were between
the ages of 19 and 27, middle-aged between 28 and 65, and older adults
between 66 and 82. For Version 2, younger adults were between the ages
of 19 and 26, middle-aged between 27 and 66, and older adults between
69 and 81.

may have become more familiarized with the characters and were
thus more likely to opt for a pronoun over a proper name.
Supporting this interpretation is the finding that there was an
increased rate of pronominal use during the second half of the task
(m = .43) compared to the first half (m =.37; p =.0254), which
was not the case for the version of the task without fillers, where
no significant difference was found between blocks (p = .145).

While the above interpretation is supported by our data, the con-
found of age cannot be excluded as a possible explanation for the
main effect of the version, nor can the difference in the number of
trials (with a larger number of trials in the version with fillers). In
other words, it is unclear whether the effect of version was brought
about by an increase in familiarity with the characters in Version 1,
by the older age of participants in Version 1, or by the difference in
task length. In Experiments 2—4, we eliminate potential confounds
by removing filler trials altogether and recruiting a more balanced
sample in each experiment, whereby the distribution of ages is
even across 10-year age bands.

S In line with the previous analyses, we also ran a model with the three cog-
nitive measures as additional factors. As expected, none of the cognitive mea-
sures interacted with Complexity to predict pronominal use (see Table B1 in
Appendix B for full model output).

7We would like to thank Reviewer 1 for suggesting that we initially run
smaller models for each experiment to test the effect of Age on pronominal
use, which as they anticipated, revealed clearer results than the larger models
with multiple interactions.
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Table 3
Model Output for Pronominal Use From the Combined Data

Fixed effect Coefficient SE P
Complexity —3.2404 3191 <.001
Age 4314 2631 1011
Version —1.1538 5377 .0319
Age x Complexity —.3148 .2651 2351
Version x Complexity —.5937 .5550 2847
Age x Version —.8615 5237 .1000
Age x Version x Complexity 1556 5157 7629

Note. Significant main effects and interactions are shaded.

Experiment 2: Extending the Referential Complexity
Scale: NUMBER of Competitors

In our second experiment, we tested whether an increase in the
NUMBER of competitors in the scene/discourse (from 0 to 2) could
impact referential complexity due to COMPETITION FOR TOPICHOOD.
Using the same critical trials from Experiment 1, we increased the
NUMBER of competitors in the scene/discourse to test whether com-
plexity increases when there are two competitors of a different
sex/gender than the main character in the immediate visual scene.

Fossard et al. (2018) did not place these types of three-character
scenes within their referential complexity scale (i.e., as low-,
intermediate-, or high-level complexity) or specify what effect
these scenes should have on adults’ referential choice. However,
Fossard et al.’s scale distinguish between one- and two-character
scenes as increasing in referential complexity, and adults of all
ages adapted their referential choices according to this discourse
manipulation in the previous experiment. Therefore, following
Fossard et al.’s distinction between one- and two-character scenes
and the results of Experiment 1, we were interested in whether three-
character scenes (specifically those in which two competitors of a
different sex/gender are competing with the main character for

Figure 6
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TopicHooD) would result in a further reduction in pronominal use
(i.e., one character > two characters > three characters), indicating
an increase in referential complexity. We were also interested in
whether this manipulation would reveal age-related differences in
referential choice.

Method
Participants

Due to the ongoing global pandemic, we were unable to con-
tinue testing in-person and instead recruited participants for web-
based testing (which entailed a similar experimental setup but with
written rather than oral responses and no cognitive measures). For
this experiment, we recruited 100 Scottish participants from
Prolific, an online crowdsourcing platform. To ensure that we
had a similar range of ages as in the previous experiment as well
as an even spread of ages, we recruited a total of 100 participants,
20 participants in each of the following age bands: 18-28, 29-39,
40-50, 51-61, and 62 and above. Prior to commencing the task,
informed consent was obtained from all participants. The study
was approved by the University of Edinburgh Linguistics and
English Language ethics committee. Before analysis, data from
four participants were removed as all of their responses were
incomplete (e.g., one-word answers). Thus, we report data from
96 participants ages 18—73 who confirmed that they had normal
vision and hearing.

Design and Procedure

The same critical items from Experiment 1 were used in
Experiment 2. In addition to these 20 items, 10 new items were
added to provide equivalent power for the three-level condition of
number of characters (for a full list of sentences, see Appendix C).
Each participant saw 30 critical items, with the assignment of 1 —
1, 2 -2, or 3 = 3 character conditions rotated across items in a

Pronominal Use by Age and Version for 1 — 1 and 2 — 2/Different Gender in Experiment 1
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resent a 95% confidence region for the regression fit. See the online article for the color version of this figure.
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Latin Square design. When a third character was present, it was
always the same sex/gender as the secondary character, which dif-
fered from that of the main character (e.g., if the main character
was female, the two other characters were male). This was to ensure
that the use of a pronoun would distinguish the main character from
the other characters. For the three-character scenes, all characters
were depicted as being similarly sized in the first panel. In the second
panel, the second and third characters were depicted as smaller and
less active than the main character (see Figure 7). As with the previ-
ous experiment, this depiction was used to encourage participants to
refer to the main character in their story continuation. In the opening
sentences for the three-character scenes, the third character was
always mentioned in an “and also” phrase (e.g., Bunny went to
the café with Mousey [and also Piggy].) The inclusion of “also” in
the conjunction was intended to highlight the presence of the third
character in the text. Since we were interested in testing whether par-
ticipants treated two- and three-character scenes differently, we
wanted to ensure that the two- and three-character sentences were
clearly distinguishable from one another without making drastic
changes to the sentence structure. The same sentences from
Experiment 1 were used in Experiment 2, with one small adjustment:
to ensure that the three-character sentences sounded natural, we
moved the phrase referring to the additional character(s) to the end
of the sentence (e.g., instead of “Doggie cooked rice [with Kitty]
[and also Piggy] for dinner,” we used “Doggie cooked rice for dinner
[with Kitty] [and also Piggy]”). In line with the previous experiment,
participants were told to imagine that they were telling stories for a
5-year-old child and to refrain from adding extra humor.

Results

Initial Analysis: General Referential Patterns Across
Adulthood

For our initial analysis, we again conducted a logistic regression
model in which we modeled the binary outcome variable of pronom-
inal use (pronoun = 1, name = 0) with age (entered as a scaled con-
tinuous predictor). This allowed us to test our main prediction that
older adults would produce more pronouns (vs. names) than younger
adults. In line with the results from Experiment 1, and previous work
(e.g., Hendriks et al., 2008, 2014) there was an overall effect of age
on referential choice (p =.0016), such that older adults were more
likely to use pronouns than younger adults.

Main Analysis: The Combined Effects of Complexity and
Age on Referential Choice

To test the combined effects of complexity and age on referential
choice, we used logistic mixed effects regression to model the binary
outcome variable of pronominal use (pronoun = 1, name = 0) with
complexity (1 — 1,2 — 2,3 — 3), age, and their interactions as pre-
dictor variables. Age was entered as a scaled continuous predictor.
The model was fit with the maximal random effect structure for par-
ticipants and items. Complexity was dummy coded with 2 — 2 as the
reference level. This reference level was chosen to allow us to deter-
mine whether the effect from Experiment 1 (i.e., 1 > 1 vs. 252
characters) would replicate in the web-based paradigm, and whether
participants treated two-character and three-character scenes (i.e.,
those with one vs. two competitors) differently, since according to
Fossard et al. (2018) referential complexity should increase

Figure 7
Sample Three-Character Trial

Three character trial

S

Panel 1: “Doqgie (M) cooked rice for dinner with
Mousey (F) and also Kitty (F).

Note. See the online article for the color version of this figure.

according to the number of characters (or competitors) in the
scene/discourse.

Results

Descriptive statistics for participants’ performance in each condi-
tion are reported in Table 4. Before reviewing the manipulated con-
ditions, we again note the lack of an effect or interaction with age
(all ps>.05). As before, we attribute the absence of a main
effect of age in this larger model to the inclusion of multiple
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Table 4 Table 5
Descriptive Statistics for Experiment 2 Model Output for Pronominal Use in Experiment 2
Participants M SD Range Fixed effect Coefficient SE P
One character One-character 2.6121 3557 <.001
All participants 52 .50 0-1 Three-character 4232 .3657 2470
Younger adults 49 .50 0-1 Age .3682 3556 .3000
Middle-aged 49 .50 0-1 One-Character x Age —.1756 2732 .520
Older adults .61 49 0-1 Three-Character x Age —.2340 2152 2770
Two character .. . . .
All participants 24 43 0-1 Note. Significant main effects and interactions are shaded. The reference
Younger adults 19 39 0-1 level is the two-character condition.
Middle-aged 22 41 0-1
Older adults .35 A48 0-1
Three character but differed from 1 — 1 trials, where pronominal use was signifi-
All participants 24 A3 0-1 cantly higher. The results of Arnold and Griffin (2007) therefore
ggsgg_gggghs ég jg ?.j suggest that the key discourse feature is the number of characters
Older adults 25 44 0-1 in the first panel—rather than the number of characters in the second
) panel, which participants were describing. Here we test whether
Note. The table shows the rate of pronominal use in each condition for all

participants as well as by age group (determined by a tertile age split). For the
purposes of this table, we carried out a tertile age split of the data such that
younger adults were between the ages of 18-31, middle-aged between 32
and 58, and older adults between 59 and 73.

interactions which were not significant, which in turn is likely to
mask the effect of age.

Our results replicated Arnold and Griffin’s findings as well as
the results from Experiment 1: there was an effect of complexity
(p <.001) whereby pronominal use (vs. names) was greater in the
1 — 1 condition than the 2 — 2 character condition (for full model
output, see Table 5). We found no difference between 2 — 2 and
3 — 3 character scenes, with participants using pronouns to refer
to the main character at similar rates when there were one or two
competitors in the scene/discourse. As increased complexity should
lead to more explicit referring expressions (i.e., names; Fossard et
al., 2018), our finding suggests that the addition of a second compet-
itor of a different sex/gender does not increase referential complex-
ity, or at least not to the extent that it influences referential choice.

As mentioned above, no other effects or interactions were found,
including no interaction of age and condition (see Figure 8). In line
with the results of Experiment 1, it appears that manipulation of ref-
erential complexity via number of competitors does not result in
age-related differences in referential choice.

Experiment 3: Extending the Referential Complexity
Scale: TiMING of Competitors

In our third experiment, we tested whether the TIMING of compet-
itors’ presence in the immediate visual scene would impact referen-
tial complexity (due to early or late COMPETITION FOR TOPICHOOD) and
whether that would in turn lead to age-related differences in referen-
tial choice. To do so, we created a hybrid manipulation between lev-
els one and two of the referential complexity scale which allowed us
to test whether varying the visual presence of the competitor in the
first or second panel would influence referential choice (i.e., 1 - 2/
different vs. 2 — 1/different).

Prior work on the role of timing in young adults’ referential choice
has examined the following conditions: 1 — 1, 2 — 2/different gen-
der, and 2 — 1/different gender (Arnold & Griffin, 2007). There the
rate of pronominal use was found to be similar for2 -2 and 2 — 1,

middle-aged and older adults also make early calculations of
ToPIcHOOD (as indexed by a lower rate of pronouns in 2 — 1 vs.
1 - 2) or whether their calculations come later, based solely on
the immediate visual context in Panel 2.

In addition to this, we tested contexts with a higher level of com-
plexity (i.e., level three: where the scene/discourse involves
another character of the same sex/gender as the main character).
In Arnold and Griffin’s (2007) pilot study, they found that pro-
nominal use decreased when the sex/gender of the characters
was the same (vs. different). Interestingly, however, recent work
on younger adults (Fossard et al., 2018) and older adults
(Sandoz et al., 2020, 2023) has not replicated this pattern.
Instead, participants in those studies distinguished between one-
and two-character scenes, but not between two-character scenes
with the same- versus different-gender characters. Given this
inconsistency in results, we added a third condition to our exper-
iment: 2 — 2 same gender. This allowed us to test both the role of
TIMING of competitors as well as gender ambiguity on referential
choice over the adult lifespan.

In sum, we compared 1 — 2/different gender, 2 — 1/different gen-
der, and 2 — 2/same gender. The comparison of the first two allows
us to test the role of TIMING; the comparison of 2 — 2/same with
either of the other two conditions allows us to test the role of gender
ambiguity in contexts with two referents.

Method
Participants

A new group of 100 Scottish participants ages 19-77 were
recruited via Prolific. To ensure an even distribution of ages like
in the previous experiments, 20 participants were recruited from
each of the following age bands: 18-28, 29-39, 40-50, 51-61,
and 62 and above. Prior to analysis, we excluded and replaced
four participants: two participants whose responses were always
elliptical constructions (e.g., ...and went outside), one participant
whose continuations were all very short and did not mention a refer-
ent (e.g., great time or fell asleep), and one participant who only
responded with quoted speech (e.g., this is so much fun). Informed
consent was obtained from all participants and the study was
approved by the University of Edinburgh Linguistics and English
Language ethics committee.



J

=
2
]
o
=
2]
<
=i
g

7]
el
[
o
Q
=
=
=}
a
2}
=l
—
[
7]
=]
=1

Q
=
iz
i)

=

o
=
2

P
=
=

o

()

=

o

S

S
g

g
E3)

]

2

2
<

en
5=

]
=

Q

>~

Z
A

g

|5}

g
<

o

g
=1

)
o
=

Q
2
=

on

=

o

o

Q
s
Z

=

Q

g

=

Q

[}
el
=
=

This article is intended solely for the personal use of the indiv

EXTENDING THE REFERENTIAL COMPLEXITY SCALE 121

Figure 8
Pronominal Use by Age for One, Two, and Three-Character Scenes
in Experiment 2
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Age

Note. Regression lines reflect the best fit of data, points reflect mean pro-
nominal use for each age tested. The shaded bands around the regression
lines represent a 95% confidence region for the regression fit. See the online
article for the color version of this figure.

Design and Procedure

Our task included 30 trials with the same experimental setup from
Experiments 1 and 2. For 10 of the trials, the main character
appeared alone in the first panel, and the main character and a sec-
ondary character of a different sex/gender in the second panel (i.e.,
1 — 2/different gender). Another 10 trials consisted of the main

Figure 9

character and a secondary character of a different sex/gender in the
first panel and the main character alone in the second panel (thus
2 — 1/different gender). The other 10 trials consisted of a main char-
acter and secondary character of the same sex/gender in each panel
(i.e., 2 - 2/same gender; see Figure 9 for a sample illustration). Each
participant saw the 30 items in randomized order. The manipulation
of complexity was within subjects and between items.

Results

Initial Analysis: General Referential Patterns Across
Adulthood

As we were again interested in whether we would find age-related
differences in overall patterns of referential choice, we conducted a
logistic regression model in which we modeled the binary outcome
variable of pronominal use (pronoun=1, name =0) with age
(entered as a scaled continuous predictor). As predicted, there was
a significant effect of age on overall pronominal rates (p = .0023)
such that older adults used pronouns more than younger adults,
in line with prior results from the literature (e.g., Hendriks et al.,
2008, 2014).

Main Analysis: The Combined Effects of Complexity and
Age on Referential Choice

To test the effects of complexity and age on referential choice, we
used logistic mixed effects regression (with maximal random effect
structure for participants and items; Barr et al., 2013), modeling the
binary outcome variable of pronominal use (pronoun = 1, name =
0) with age, and complexity (2 — 2/same gender, 1 — 2/different

Sample 2 — 2/Same Gender, 1 — 2/Different Gender, and 2 — 1/Different Gender Trials

2—2 same gender

=rh:
y

Panel 1: “Froggy (M) made a cake with Horsey (M)
to celebrate the occasion.”

1—2 different gender

Panel 1: “Birdie (M) decided to chop some firewood.”

2—1 different gender

Panel 1: “Doggie (M) played hide and seek with Mousey (F))
this afternoon.”

Note. See the online article for the color version of this figure.
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gender, and 2 — 1/different gender) and their interaction as predictor
variables. Age was entered as a scaled continuous predictor.
Complexity was dummy coded with 2 — 1/different gender as the
reference level. This reference level allowed us to test (a) the
TIMING of competitors’ presence (2 — 1 vs. 1 — 2/different gender)
and (b) the role of gender (2 — 1/different vs. 2 — 2/same) on refer-
ential choice across the adult lifespan.

Descriptive statistics for participants’ performance in each condi-
tion are reported in Table 6. Similar to the previous pair of experi-
ments, we first note that there were no main effects of age (all
ps > .05), which we believe may have again been masked, poten-
tially due to overfitting of the model.

Here our results revealed a difference between 2 — 1/different-
gender and 1 — 2/different-gender trials (p < .001), such that partic-
ipants used more pronouns in the latter condition (see Figure 9; for
full model output, see Table 7). This supports the notion that partic-
ipants make complexity calculations early, based on the first scene/
discourse, by decreasing their use of pronouns when a competitor is
present. Notably, there was also a 1 — 2/different gender by age
interaction relative to 2 — 1/different gender (p = .021). Follow-up
analyses revealed that this interaction was driven by an effect of
age for 1 — 2/different-gender trials (p =.044) but not 2 — 1/
different-gender trials (p =.962), whereby pronominal use for
1 — 2/different-gender trials increased with advanced age
(Figure 10). Together, these findings highlight two critical points:
(a) adults across the lifespan make early calculations of prominence
based on COMPETITION FOR TOPICHOOD in Panel 1, therefore the “tim-
ing” of competitors’ presence should be integrated into Fossard
et al.’s referential complexity scale and (b) older adults are more
likely than younger adults to prioritize maintaining focus on the ref-
erent in initial one-character scenes.

Regarding the difference between 2 — 1/different-gender and
2 — 2/same-gender trials, no difference was found (p =.178). In
terms of the number of characters, these results replicate Arnold
and Griffin’s findings whereby younger adults’ pronominal use is
based on the number of characters in the first panel (and its

Table 6
Descriptive Statistics for Experiment 3
Participants M SD Range
2 — 2 same gender
All participants .19 .39 0-1
Younger adults .16 .36 0-1
Middle-aged .20 40 0-1
Older adults 21 41 0-1
1 — 2 different gender
All participants .67 .50 0-1
Younger adults .62 .49 0-1
Middle-aged .67 47 0-1
Older adults 73 44 0-1
2 — 1 different gender
All participants .20 40 0-1
Younger adults 20 40 0-1
Middle-aged .19 .39 0-1
Older adults 22 42 0-1
Note. The table shows rate of pronominal use in each condition for all

participants as well as by age group (determined by a tertile age split).
For the purposes of this table, we carried out a tertile age split of the
data such that younger adults were between the ages of 19-30,
middle-aged between 31 and 55, and older adults between 56 and 77.

Table 7
Model Output for Pronominal Use in Experiment 3

Fixed effect Coefficient SE P
Age 1323 .2840 6414
1 — 2 different gender 4.0273 5304 <.001
2 — 2 same gender —.6318 4695 1784
1 — 2 Different Gender x Age 9991 4314 .0206
2 — 2 Same Gender x Age .3995 2323 .0855

Note. Significant main effects and interactions are shaded. The reference
level is 2 — 1/different.

corresponding sentence) rather than the number of characters in
the second panel (which participants were describing) and extend
these results to middle-aged and older adults. This would explain
why the number of characters in the scene/discourse only affects ref-
erential choice when comparing 2 — 2 versus 1 — 2 trials and not
2 — 2 versus 2 — 1 trials.

Our findings also support the notion that the presence of multiple
characters from the outset of the narrative has a bigger impact on ref-
erential choice than gender ambiguity (since 2 — 2/same gender and
2 — 1/different gender have the same initial number of characters
and the conditions did not yield different pronoun rates). These find-
ings go against the results from Arnold and Griffin’s (2007) pilot
study but align with findings from numerous recent studies on youn-
ger and older adults’ referential choices in these contexts (Fossard et
al., 2018; Sandoz et al., 2020, 2023). One explanation is that it is less
likely that a pronoun will be perceived as ambiguous in Maintenance
contexts since the referent was mentioned in the subject position
immediately prior. This interpretation should be taken with caution,
however, since the number of characters was not held constant across
conditions—an important manipulation that will be tested in the sub-
sequent experiment. Regardless, it is noteworthy that older adults’
sensitivity to referential complexity and overall referential behavior
does not decline with age, which suggests that in Maintenance con-
texts, referential complexity is evaluated in a relatively consistent
manner across the adult lifespan.

Experiment 4: Extending the Referential Complexity
Scale: EmpHASIS on Competitors

Our final experiment tested whether a decreased EMPHASIS on com-
petitors (through re-mentioning of the main character) would impact
referential complexity and lead to age-related differences in referen-
tial choice. In theory, the additional use of a name or pronoun to refer
to the main character should decrease COMPETITION FOR TOPICHOOD
between characters by lessening the likelihood of the competitor
as the topic, therein increasing the main characters’ privileged status
(Karimi, 2022). In turn, this should lead to an increase in pronominal
use (e.g., Rohde & Kehler, 2014). To what extent this prominence
manipulation plays a role in referential complexity or will lead to
age-related differences is unclear.

To test this, we used the same conditions from Experiment 3 (i.e.,
1 — 2/different gender, 2 — 1/different gender, and 2 — 2/same gen-
der), adding an additional sentence to each prompt that either (a)
repeated the main character’s name or (b) used an additional pro-
noun to refer back to that referent. The latter condition is expected
to increase the main character’s prominence even more as pronouns
are generally reserved for highly topical characters (e.g., Rohde &
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Figure 10

Pronominal Use by Age for 1 — 2/Different Gender, 2 — 1/Different Gender, and 2 — 2/Same Gender

Scenes in Experiment 3
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Regression lines reflect the best fit of data, points reflect mean pronominal use for each age tested. The

shaded bands around the regression lines represent a 95% confidence region for the regression fit. See the online

article for the color version of this figure.

Kehler, 2014), and this may in turn lead to an increase in partici-
pants’ use of pronouns, corresponding to a decrease in referential
complexity.

In addition, we added a 2 — 2/different-gender condition, allowing
us to test complexity at two levels on Fossard’s scale: intermediate-
level complexity (two characters of a different gender) and high-level
complexity (two characters of the same gender) in younger, middle-
aged, and older adults. In sum, we tested four conditions: 1 — 2/dif-
ferent gender, 2 — 1/different gender, 2 — 2/different gender, and
2 — 2 same gender, and manipulated the prominence of the main
character in each condition through one of two types of repeated men-
tion: either an additional name or an additional pronoun.

Method
Participants

A new group of 100 Scottish participants ages 18-73 were
recruited via Prolific. Again, in order to ensure an even distribution
of ages, 20 participants were recruited from each of the following
age bands: 18-28, 29-39, 40-50, 51-61, and 62 and above. All par-
ticipants met the inclusionary criteria therefore none were removed.
Informed consent was obtained from all participants and the study
was approved by the University of Edinburgh Linguistics and
English Language ethics committee.

Design and Procedure

The same materials and procedure from Experiment 3 were
adapted for use in Experiment 4 (for a full list of sentences, see
Appendix C). Here a total of four conditions were tested (1 — 2/dif-
ferent gender, 2 — 1/different gender, 2 — 2/different gender, and
2 —2 same gender). Again, the manipulation of complexity

(which here encompassed both EMPHASIS and gender/number manip-
ulations) was within subjects and between items.

To test whether the results from Experiment 3 would replicate
when holding the number of characters constant in both panels,
we added 2 — 2/different-gender trials (n = 10). In addition, we
introduced two linguistic manipulations intended to emphasize the
main character’s prominence which should result in an increase in
the use of pronouns over names. First, since overall pronominal
use in Experiment 3 was relatively low compared to previous studies
(e.g., Amold & Griffin, 2007; Fukumura et al., 2010), we empha-
sized the main character’s prominence by adding a second sentence
to the first panel in 1 — 2 and 2 — 1/different-gender trials. In the
second sentence, a pronoun was used in the subject position to
refer to the main character (e.g., Kitty went to play in the back gar-
den. She was in a great mood). To ensure we had enough power for
this new manipulation, we doubled the number of 1 -2 and 2 —> 1
trials.

Second, for the 2 — 2 same- and different-gender trials, we
increased the prominence of the main character by repeating its
name. The use of a repeated name (vs. pronoun) allowed us to
avoid potential ambiguity regarding which character was
re-mentioned. To do so, we added a second sentence to the first
panel which referenced the main character in a nonsubject position
(e.g., Doggie cooked rice with Mousey for dinner. Rice was
Doggie’s favorite meal).

Results

Initial Analysis: General Referential Patterns Across
Adulthood

Following the previous experiments, we again tested whether
older adults produced more pronouns overall than younger adults,
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by conducting a logistic regression model in which we modeled the
binary outcome variable of pronominal use (pronoun = 1, name =
0) with age (entered as a scaled continuous predictor).

The results revealed an effect of age on overall rates of pronominal
use (p < .001). However, unlike the previous experiments, the effect
did not go in the expected direction. Instead, younger adults showed
a higher rate of pronominal use than older adults. What may be driv-
ing this effect? Experiments 1-3 involved manipulations that were
both visual and linguistic, whereas Experiment 4 manipulations
were linguistic only (as no changes were made to the immediate
visual context). A possible explanation for the reverse pattern of
results is that older adults are less sensitive to linguistic-only cues
than younger adults when calculating a referent’s status.

Upon further investigation, it seems that younger adults indeed
may have a stronger response to the prominence manipulations
than older adults. In Experiments 1-3, younger adults’ average
rate of pronominal use was .31, whereas in Experiment 4 it increased
to .58. Older adults, on the other hand, averaged .40 in Experiments
1-3, with a smaller increase to .47 in Experiment 4. While this obser-
vation should be interpreted with caution (as there were different par-
ticipants in each study), it highlights the possibility of an increased
linguistic sensitivity in younger adults which should be further
explored in future work.

Main Analysis: The Combined Effects of Complexity and
Age on Referential Choice

To test the role of EMPHASIS and gender/number manipulations on
pronominal use over the adult lifespan, we used logistic mixed
effects regression, modeling the binary outcome variable of pronom-
inal use in critical trials (pronoun = 1, name = 0) with age (entered
as a scaled continuous predictor) and complexity (2 — 2/different
gender, 2 — 2/same gender, 1 — 2/different gender, 2 — 1/different
gender) and their interaction as predictor variables. The model was
fit with the maximal random effect structure for participants and
items. Complexity was dummy coded with 2 — 2/different gender
as the reference level. This allowed us to compare 2 — 2/different
gender to 2 — 2/same gender (like in Arnold and Griffin’s pilot
experiment) as well as 2 — 2/different gender to 2 — 1/different gen-
der (like in Arnold and Griffin’s second experiment).

Descriptive statistics for participants’ performance across condi-
tions are reported in Table 8. Note that again, as with the previous
experiments, we found no main effects or interactions with Age
(all ps > .05). The absence of a main effect of age in this larger
model was likely caused by model overfitting, with multiple interac-
tions which were not significant.

Our results revealed that pronominal use for both 1 -2 and 2 —
1/different-gender trials was greater than for 2 — 2/different-gender
trials (for full model output, see Table 9). This result contrasts with
the findings from Arnold and Griffin whereby pronominal use was
similar for 2 — 2 and 2 — 1/different-gender trials. Unlike Arnold
and Griffin’s task, however, ours emphasized the prominence of
the main character in different ways. For 2 — 2 trials, prominence
was emphasized using a repeated name (thus boosting the main char-
acter’s prominence through frequency of mention), whereas for the
1 -2 and 2 — 1 trials, an additional pronoun was used (thus boost-
ing prominence through both frequency of mention and pronominal-
ization, the latter likely signaling that a referent is still the topic;
Arnold, 1998; Arnold et al., 2009; Fukumura & van Gompel,

Table 8
Descriptive Statistics for Experiment 4
Participants M SD Range
2 — 2 same gender
All participants 37 48 0-1
Younger adults 34 48 0-1
Middle-aged 49 .50 0-1
Older adults .20 40 0-1
2 — 2 different gender
All participants 40 49 0-1
Younger adults 35 48 0-1
Middle-aged .50 .50 0-1
Older adults .26 44 0-1
1 — 2 different gender
All participants .66 A7 0-1
Younger adults .64 48 0-1
Middle-aged 74 44 0-1
Older adults .55 .50 0-1
2 — 1 different gender
All participants .56 .50 0-1
Younger adults 54 .50 0-1
Middle-aged .65 A48 0-1
Older adults 40 49 0-1
Note. The table shows rate of pronominal use in each condition for all

participants as well as by age group (determined by a tertile age split). For
the purposes of this table, we carried out a tertile age split of the data such
that younger adults were between the ages of 18-31, middle-aged between
32 and 57, and older adults between 58 and 73.

2010; Rohde & Kehler, 2014). The use of two prominence manipu-
lations may have further increased participants’ likelihood of contin-
uing the story with another pronoun. It is also possible that the use of
a name in the other condition did not have the effect we expected
(i.e., that participants would opt for a pronoun to avoid incurring a
repeated name penalty; Gordon et al., 1993). Instead, it may have
had the reverse effect, priming participants to continue using
names. As such, both of these forms of prominence manipulations
should be included in Fossard et al.’s referential complexity scale,
whereby an additional pronoun decreases referential complexity rel-
ative to an additional name (see Figure 12 for updated scale). These
findings open the door for future work to implement a fully crossed
manipulation of the use of an additional name versus pronoun across
both same- and different-gender contexts by creating materials in
which a pronoun is not ambiguous even in the same-gender context.

Our results also revealed that participants did not distinguish
between the 2 — 2/same- and different-gender trials (Figure 11),
unlike the findings from the pilot experiment in Arnold and

Table 9
Model Output for Pronominal Use in Experiment 4

Fixed effect Coefficient SE P
Age —.4228 .3205 1871
1 — 2 different gender 2.5732 4059 <.001
2 — 1 different gender 1.4157 2563 <.001
2 — 2 same gender —.5217 3372 1219
1 — 2 Different Gender x Age .2692 2051 1893
2 — 1 Different Gender x Age .0362 .1706 8319
2 — 2 Same Gender x Age —.1065 2050 .6036

Note. Significant main effects and interactions are shaded. The reference
level is 2 — 2/different gender.
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Figure 11

Pronominal Use by Age for Each Condition in Experiment 4
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Regression lines reflect the best fit of data, points reflect mean pronominal use for each age tested. The

shaded bands around the regression lines represent a 95% confidence region for the regression fit. Note that prom-
inence manipulations for I — 2 and 2 — 1 different-gender trials involved the use of an additional pronoun whereas
the manipulations for 2 — 2 same and different-gender trials involved the use of a repeated name. See the online

article for the color version of this figure.

Griffin (2007) but corresponding to more recent work (e.g., Fossard
et al., 2018; Sandoz et al., 2020, 2023). This could be due to a
decreased likelihood of referential ambiguity in Maintenance con-
texts and/or because of our emphasis on the main character’s prom-
inence, in this case through a repeated name. That is, the repeated
name may have boosted the main character’s prominence to such
an extent that the secondary character referent was not considered
a probable referent. This in turn could have resulted in speakers’

Figure 12
Hllustration of Fossard et al.’s (2018) Referential Complexity Scale
Adapted to Include Our Critical Conditions

- 3

Level 2 Level 3

Level 1

2 characters
same gender

2 characters

A character different gender

O Competition
N4 for topichood

* TIMING of competition ¢« EMPHASIS
+ Early + Additional name
- Late - Additional pronoun
- " 4

Note. Here the arrow depicts a sliding scale whereby the level of complex-
ity of the scene/discourse can be swayed based on two factors relating to
COMPETITION FOR TOPICHOOD: TIMING and EMPHASIS. If the “timing” of the com-
petitor’s presence occurs early (in Panel 1), this will move the slider up the
scale, signaling an increase (+) in referential complexity; if it occurs late,
there will be a decrease (—). Similarly, when emphasis is placed on the
main character through a name there is an increase (+) in complexity versus
when a pronoun is used, and complexity decreases (—). See the online arti-
cle for the color version of this figure.

making comparable prominence estimates for scenes with characters
of the same or different gender.

General Discussion

The longstanding assumption in the literature, based on previous
work, is that older adults’ referential skills deteriorate with age,
likely due to a decline in executive function skills (Hendriks et al.,
2008, 2014; Pratt et al., 1989). However, little research has been
devoted to distinguishing which pragmatic language skills are
more or less sensitive to aging—or, in other words, which linguistic
abilities are preserved in old age and may or may not depend on cog-
nitive resources. Our study directly addresses this question by testing
a large sample of adults varying widely in age (N =496, ages
18-82) across four experiments. Our results provide new insights
into the relationship between aging, reference, and cognition, by
identifying a strong link between older adults’ attention-switching
skills and the use of pronouns as a discourse marker of topic conti-
nuity in Maintenance contexts. Likewise, our results shed light on
what type of contextual information is prioritized at different ages,
highlighting older adults’ preserved sensitivity to cues in the imme-
diate visual context but a lower sensitivity to linguistic prominence
cues on their own, compared to younger adults. Finally, our article
contributes to an ever-growing and timely literature on referential
complexity by testing and expanding upon Fossard et al.’s (2018)
scale through the identification of new factors relevant to
complexity.

In Experiment 1, our major finding was a steady shift to an
age-related reliance on attention switching to guide pronominal
use. Attention switching is a cognitive skill often overlooked in
the psycholinguistics literature (in favor of inhibition and working
memory accounts) but has been found to be the preferred mode of
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cognitive control for older adults (e.g., Braver, 2012). Older adults’
preference for this mode of control, which involves a stimulus-
driven response to changes in the environment, maybe an especially
suitable means of calculating the prominence of a referent, as it
would involve shifting focus according to which referents are pre-
sented in the immediate visual context. That is, if there is only one
referent, older adults may respond by focusing all their attention
on that subject, whereas if two referents appear, they may attend
to both referents, later inhibiting the secondary referent in favor of
the main character as a late corrective mechanism.

Having to monitor the scene, select, and maintain focus on a par-
ticular referent (whether in the presence of competitors or not) would
likely impose strong cognitive demands on older adults whose exec-
utive function skills are in decline. As such, that may explain why
attention switching was strongly linked to older adults’ use of pro-
nouns (over names) as a marker of the main character’s topichood.
Indeed, if older adults prioritize marking topic continuity for the lis-
tener through pronominal use, then they are more likely to rely
heavily on executive control to do so.

Conversely, younger adults (and to a lesser extent middle-aged
adults) who pronominalized less than older adults, may prioritize
using names as a default communicative heuristic based on the
notion that explicit referential forms remove any potential for refer-
ential ambiguity. This type of strategy would place lower demands
on executive control, which may explain why none of our cognitive
measures predicted the use of pronouns in the younger and middle-
aged groups. Interestingly, in Hendriks et al. (2014) younger adults
also used far fewer pronouns than older adults for maintenance. The
authors acknowledged that this finding was unexpected but inter-
preted it to reflect younger adults’ motivation to make it easier for
the listener to identify the intended referent. While this interpretation
may be plausible in the context of their study (which involved topic
shifts), our study did not involve topic shifts. Therefore, it seems
more likely that in our study older adults used pronouns for their spe-
cific function as a discourse marker of topic continuity while youn-
ger adults relied on a different strategy (i.e., that of general ambiguity
avoidance, by defaulting to names).

In Experiment 2, we found that the presence of a second compet-
itor does not further increase referential complexity, at least to the
extent that it would influence adults’ referential choice. To test
this, we manipulated the NUMBER of competitors in the scene/dis-
course (from O to 2) as a means of varying COMPETITION FOR
TOPICHOOD between the main character and competitors. This resulted
in one-, two-, and three-character critical trials. Here we found that
both younger and older adults distinguished between scenes with
one versus two characters and one versus three characters, but not
between two versus three characters. In other words, pronominaliza-
tion rates did not differ according to the “number” of competitors (of
a different sex/gender) in the scene/discourse. As such, we conclude
that this particular factor is not relevant to Fossard et al.’s referential
complexity scale. In addition, from a developmental perspective, no
age-related differences were found in response to these manipula-
tions, suggesting that sensitivity to these contextual constraints
remains stable over the adult lifespan.

In Experiment 3, we found that across the adult lifespan decisions
regarding COMPETITION FOR TOPICHOOD between the main character
and competitors are made early (i.e., in Panel 1). Indeed, by varying
the TIMING of competitors’ presence, we found significant differences
in pronominal use such that there was a large decrease in pronominal

use when there were two characters in Panel 1 as opposed to one
character. As such, the “timing” of competitors’ presence is highly
relevant for referential complexity and should therefore be incorpo-
rated into the referential complexity scale (see Figure 12 below for
updated scale). Interestingly, compared to younger adults, older
adults showed a higher rate of pronominal use for trials with one
character in the initial scene. This pattern may reflect a motivation
to maintain attention on the target referent when there is only one
character in the scene, in line with the notion that pronouns act as
a discourse marker of topic continuity in Maintenance contexts
(Sandoz et al., 2023).

Regarding the gender manipulation, we found that the potential for
referential ambiguity did not influence pronominalization rates in
Maintenance contexts. Instead, the number of characters in the initial
scene played a bigger role in guiding referential choice. Nevertheless,
our design was not fully crossed, therefore we addressed this issue in
Experiment 4. There we again found no differences based on the sex/
gender of the characters. Nevertheless, in that experiment, we also
emphasized the main character’s prominence through re-mention,
which in turn could have resulted in speakers’ making comparable
prominence estimates for scenes with characters of the same or differ-
ent gender. As such, while our findings tentatively suggest that partic-
ipants of varying ages do not differentiate between the same- and
different-gender trials in Maintenance contexts (as found in previous
work, e.g., Fossard et al., 2018; Sandoz et al., 2020, 2023), follow-up
work is needed to corroborate these initial results on adults’ referential
choices over the lifespan.

In Experiment 4, we also found that differences in pronominal
rates emerged according to a decreased EMPHASIS on competitors
(through re-mentioning of the main character), such that there was
an increase in pronominal use for an additional pronoun versus an
additional name. This is likely because an additional pronoun boosts
prominence in two ways: (a) through frequency of mention and (b)
pronominalization, the latter of which signals that a referent is still
the topic (Arnold, 1998; Arnold et al., 2009; Fukumura & van
Gompel, 2010; Rohde & Kehler, 2014). An alternative explanation
is that the additional name primed participants to continue using a
name, despite being suboptimal in that context (see Gordon et al.,
1993 regarding the repeated name penalty). Since both explanations
are plausible, each type of prominence manipulation (i.e., additional
pronoun and additional name) should be included in Fossard et al.’s
referential complexity scale (see Figure 12 for updated scale).

In addition, in Experiment 4, we also found age-related differ-
ences in overall pronominal use. In contrast to Experiments 1-3,
there was a tendency for greater pronominal use in younger rather
than older adults. We interpret this finding in light of a major differ-
ence between Experiments 1-3 and Experiment 4: in Experiment 4,
the manipulations were linguistic-only and did not involve changes
to the immediate visual context. It is therefore possible that this result
reflects an age-related difference in sensitivity to linguistic promi-
nence manipulations, whereby older adults are less sensitive to
these contextual cues than younger adults. Together with the previ-
ous experiments, our findings can be interpreted to suggest that older
adults remain sensitive to the visual cues in the immediate context
but do so to a lesser extent with linguistic-only cues.

Future work should directly test this possibility by teasing apart
the roles of linguistic and visual cues in adults’ referential choice.

Taken together, our findings not only highlight the role of cogni-
tive control and aging on referential choice, but also contribute to a
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growing body of work that shows that referential choices are related
to differences in specific stages of the discourse and at different lev-
els of referential complexity. Expanding on Fossard et al.’s scale of
referential complexity, we have added two new conditions related to
COMPETITION FOR TOPICHOOD which we found to significantly impact
referential choice over the adult lifespan. As shown in Figure 12,
both the “timing” of competitors’ presence (early or late in the
scene/discourse) and the “emphasis” on competitors (relative to
the main character) sway the perceived level of complexity on the
scale in one direction or another and should thus be incorporated
into future studies on referential complexity and referential choice.
Furthermore, future work should continue to expand on the referen-
tial complexity scale by not only testing the visual properties of the
scene, but also linguistically cued information, as our study shows
that those properties of the discourse also play a role.

Although our study naturally has limitations, we believe this work
has the potential to move the field forward. While we were unable to
test adults’ cognitive skills in Experiments 2—4 (since we changed
from in-person to online testing due to the global pandemic), we
still found interesting patterns of referential behavior in both general
pronominal use and pronominal use in response to the changing ref-
erential complexity manipulations. These patterns align with our
findings from Experiment 1 (i.e., age-related differences in general
pronominal use but not typically in response to referential complex-
ity). While it is possible that participants in Experiments 2—4 did not
differ in cognitive control as a function of their age (as was found in
Experiment 1), it is unlikely given the wide range of ages tested
across three developmental stages (younger adults, middle-aged
adults, and older adults). Furthermore, despite the difference in
how the task was administered after Experiment 1, the materials
were consistent (with slight alterations based on our experimental
manipulations) and the setup in which the participant viewed the
panels and was asked to imagine they were speaking to a 5-year-old
child remained constant. As such, it is unlikely that major changes
occurred due to the move to web-based testing. At the same time,
we encourage future work to examine whether these types of tasks
produce comparable results in-person and online as that could
open the door for a much wider pool of participants, not only in
one’s own country but also globally, offering new cross-linguistic
and cross-cultural data.

To conclude, in order to advance our understanding of language,
cognition, and aging, it is necessary to examine referential behavior
in a broad range of contexts to determine where older and younger
adults’ linguistic behavior diverges. Our study contributes to this
research goal by offering novel results and interpretations that allow
us to refine current theories of aging and referential choice, which
can be applied to computational cognitive models of reference (e.g.,
Hendriks, 2016) and expanded into new areas of research (e.g., commu-
nicative efficiency; Long, Rohde, & Rubio-Fernandez, 2020; Tal et al.,
2023). In addition, our study provides a large sample of normative data
which can be used to inform clinical practice. As such, this work is
important for both theoretical and practical purposes, and we encourage
other researchers to continue to expand and explore this line of research.
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Appendix A

Initial Cognitive Assessment to Determine Age-Related
Variability Within Our Sample.

Participants

A total of 209 adults were recruited from the University of
Edinburgh volunteer panel, the University Careers Services website,
and local community groups. All correspondence was done via
email, which ensured that everyone who registered was computer lit-
erate. Written informed consent was obtained from all participants
and the study was approved by the University of Edinburgh
Linguistics and English Language ethics committee. Prior to analy-
sis, we excluded nine participants: six nonnative English speakers,
one participant with abnormally low attentional scores, one partici-
pant with hearing difficulty, and one due to a technical malfunction.
Thus, we report results from 200 native English speakers ages 19-82
with normal vision and hearing (see Figure A1 for the age distribu-
tion within the sample).

Cognitive Tasks
Test of Everyday Attention

Participants’ attentional skills were measured via the Test of
Everyday Attention (TEA; Robertson et al., 1994), a clinical test
based on Posner and Petersen’s (1990) multisystem attentional
model. The test offers a fine-grained method of assessing an individ-
ual’s cognitive resources by separating attention into theoretically
distinct factors through the use of three auditory subtests: attention
switching, inhibition, and sustained attention. The test is sensitive
enough to detect subtle differences in attention and has been stan-
dardized through a normative sample of healthy adults ages 18-80
(Robertson et al., 1996). The normative data demonstrate that partic-
ipants’ performance varies greatly across the scoring range
(Robertson et al., 1996), with the exception of the sustained attention
task (the least computationally difficult of the three measures) in

Figure A1
Histogram of Age Within the Sample

20 40 60 80
Age

Note. See the online article for the color version of this figure.

which adults generally make few errors (Robertson et al., 1994).
Participants who respond incorrectly on two or more items for the
sustained attention measure (equivalent to a score of 71% or
lower), are considered to have abnormally low levels of attention
(Robertson et al., 1994). More recently this test has been used across
a variety of linguistic studies, from language learning (Vega-
Mendoza et al., 2015) and bilingualism (Hindle et al., 2015; Ooi
et al., 2018) to perspective-taking (Long et al., 2018) and referential
communication (Long, Rohde, & Rubio-Ferndndez, 2020).

For each of the measures (referred to as “the elevator tasks”), par-
ticipants are asked to envision that they have entered an elevator on
the ground floor. The floor light indicator does not work, so in order
to know which floor they are on they must count the tones they hear.
After each trial, they are asked which floor they are on. Performance
on each subtest is measured as the percentage of trials with correct
responses (0-100).

Elevator Task (Sustained Attention, n = 7 Trials). Participants
are presented with tones of the same pitch at irregular intervals and
must keep track of the count. As healthy individuals are expected to
perform near ceiling, this task was used as a baseline measure.

Elevator Task With Distraction (Selective Attention/
Inhibition, » =10 Trials). Participants are presented with low
and high tones (mimicking the experience of being on an elevator
and hearing a beep as it moves from floor to floor). However, rather
than counting all of the tones (to assess which floor they are on), par-
ticipants must selectively attend to and count the low tones only
while ignoring interspersed high tones. Performing well requires
inhibiting high tones while counting low tones or selectively attend-
ing to low tones only.

Elevator Task With Reversal (Attention Switching, n =10
Trials). Participants are presented with low, medium, and high
tones in random order (again mimicking the experience of being on
an elevator and hearing a beep as it moves floor to floor). In order
to know which floor they are on, they must count medium tones
only (e.g., upon hearing one medium beep they will move from the
ground floor to the second floor). Low tones indicate the elevator
will change direction and move down with the subsequent medium
tones (thus can be thought of as a down arrow, signally the direction
of movement with the following medium tones), while high tones
indicate the elevator will move up with subsequent medium tones
(thus can be thought of as an up arrow). Performing well requires
inhibiting low and high tones from the count (as they indicate direc-
tion and not the floor you are on) while efficiently disengaging inhi-
bition and refocusing attention upon hearing a middle tone.

Following standard practice, we calculated the percentage of trials
with correct responses (0—100) for each elevator task. As partici-
pants receive one score for each task, we were unable to calculate
a by-trial split-half reliability for these measures. However, previous
work has demonstrated a high test-retest reliability after 1 week
(Robertson et al., 1996), which suggests that these measures are sta-
ble over time.

Reading Span

Verbal working memory (VWM) capacity was assessed using an
automated reading span task (Scholman, 2019) adapted from Waters

(Appendices continue)
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et al. (1987) and Waters and Caplan (1996). Participants were pre-
sented with a total of 56 sentences varying in length from eight to
11 words and were asked to judge the acceptability of each sentence
by clicking “acceptable” or “unacceptable” on a computer screen
(see bottom of Appendix A for a full list of sentences). Four different
sentence types were presented, with varying levels of complexity to
see how well people could remember the content. Half of the sen-
tences contained a verb that required an animate subject, while the
other half contained a verb that required an animate object.
Furthermore, half of the sentences were grammatically acceptable
and the other half were made unacceptable by reversing the animacy
of the subject and object noun phrases (e.g., It was the boy that the
hat bought).

After a set of two to five sentences (recommended by Conway et
al., 2005), participants were asked to recall the last word of each sen-
tence in the order in which it was presented by typing the words on
the computer. Sets were presented in random order so participants
could not anticipate how many words they would be asked to recall.
Before beginning the task, participants were given a practice phase
in which they judged the acceptability of eight sentences. Reaction
times were measured for each of the practice trials. A participant’s
average reaction time during the practice trials plus two standard
deviations was used as a time-out during the task to ensure partici-
pants went at their own pace but were not taking extra time to
rehearse the words (cf., Unsworth et al., 2005; von der Malsburg
& Vasishth, 2013). Participants were also given a practice phase
for the recall portion of the task. In the practice phase, participants
judged sentences and recalled the last words for a block of three sen-
tences and a block of five sentences. Practice trials were not used in
the analysis.

Working memory was calculated using the partial-credit unit
scoring procedure where the partial-credit unit represents the
mean proportion of words within a set that were recalled correctly
(Conway et al., 2005; Friedman & Miyake, 2005). Typos were
accounted for by allowing a one-character difference between the
target word and response. Previous work has demonstrated a high
split-half and test-retest reliability for this measure (Conway et
al., 2005).

Statistical Analysis

The o level for all reported tests was set to p < .05 and all analyses
were run using R statistical software (R Core Team, 2019). As
expected, participants performed at ceiling on the baseline measure
of sustained attention (mean score = 99.21; after the exclusion of
one participant, score = 57), thus this will not be considered further.
To assess the relationship between participants’ age and cognitive
abilities, we ran linear regression models in which we modeled
age as a predictor for each of the following cognitive skills: switch-
ing, VWM, and inhibition.

Results

Descriptive statistics are reported in Table Al. Note that while
some participants scored 0 on the inhibition and switching tasks,
all participants passed the baseline measure of sustained attention.
Furthermore, a certain level of task difficulty is necessary in order
to capture variability in participants’ performance (and avoid a
homogenous ceiling effect). As demonstrated in Table Al, the

Table A1
Performance on the Cognitive Tasks for all Participants as Well as a
Median Age Split for Younger and Older Adults

Participants M SD Range
Sustained attention

All participants 99.21 3.26 85.71-100

Younger adults 98.88 3.84 85.71-100

Older adults 99.56 2.14 85.71-100
Inhibition

All participants 83 22.83 0-100

Younger adults 80.59 24.41 0-100

Older adults 85.51 20.76 10-100
Switching

All participants 58.25 35.39 0-100

Younger adults 69.31 30.41 0-100

Older adults 46.73 36.54 0-100
Verbal working memory

All participants 74 17 .06-1

Younger adults 78 .14 32-1

Older adults .69 18 .06-.97
Note. For the purposes of this table, we carried out a median age split by

dividing our sample (n =200) by the median age (49) such that younger
adults were between the ages of 19—49 and older adults were between the
ages of 50-82. The purpose of this was to provide descriptive statistics
regarding age and cognitive functions. In the regression models, however,
age was treated as a continuous variable.

scores for inhibition and switching range from O to 100, providing
a full spectrum of variability across participants.

Our results revealed a main effect of age on switching
(B=-0.608, SE=.112, t=-5431, p<.001) and VWM
(B=—0.002, SE=0.0005, t = —4.022, p < .001) in the predicted
direction: as age increased, switching and VWM decreased (see
Figure A1). These results provide confidence that there is sufficient
age-related variability within our sample. Moreover, the direction of
the effect is in line with findings from the aging literature (Gilchrist
et al., 2008; Wasylyshyn et al., 2011). While our measure of inhibi-
tion showed no effect of age (B=.100, SE=.077, t=1.298,
p =.196), this result supports findings from a recent meta-analysis
calling into question the notion that inhibition typically deteriorates
with age (Rey-Mermet & Gade, 2018). Another possibility for this
null effect of age is that our inhibition measure was not sensitive
enough. However, as shown in Table Al and Figure A2, scores
were not uniformly at ceiling (as was found for the baseline measure
of sustained attention), thus our participants displayed variability in
this measure.

Full list of experimental items from the reading span task

1. It was the elephant that escaped from the zoo. (Animate
subj., cleft subj., acceptable.)

2. It was the professor that forgot the handout. (Animate
subj., cleft subj., acceptable.)

3. It was the man that clenched the pillow. (Animate subj.,
cleft subj., acceptable.)

4. It was the bear that made the growling sound. (Animate
subj., cleft subj., acceptable.)

5. It was the sound that made the computer. (Animate subj.,
cleft subj., unacceptable.)

6. It was the document that filed the librarian. (Animate subj.,
cleft subj., unacceptable.)

(Appendices continue)
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Figure A2
Switching, Verbal Working Memory, and Inhibition Scores by Age

Switching scores by Age VWM scores by Age Inhibition scores by Age

100 . 1.00 100 . .oo ~ : o... o o
g‘ .”.‘oo LI * %
e ._____’_'__;0—1"!.—"
75 o 0.75 75 %o . .
o S c o . .
= o o
5 = = . * o
o 50 < 0.50 . o 50 o o .
3 S = .
()] = . £ .
. -
25 . .. g 0.25 25
.o g
0 . 0.00 (0]
20 40 60 80 20 40 60 80 20 40 60 80
Age Age Age
Note. Regression lines reflect the best fit of data, points reflect the mean score for each age tested. The shaded bands around the regression lines represent a

95% confidence region for the regression fit. See the online article for the color version of this figure.
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7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

It was the cookie that ate the talented dancer. (Animate
subj., cleft subj., unacceptable.)

. It was the toy that fascinated the child. (Animate obj., cleft

subj., acceptable.)

. It was the porcelain doll that scared the little girl. (Animate

obj., cleft subj., acceptable.)

It was the bike that hit the news reporter. (Animate obj.,
cleft subj., acceptable.)

It was the building that impressed the architect. (Animate
obj., cleft subj., acceptable.)

It was the sulky teenager that bored the book. (Animate
obj., cleft subj., unacceptable.)

It was the florist that astonished the bouquet. (Animate
obj., cleft subj., unacceptable.)

It was the family that shocked the revelation. (Animate
obj., cleft subj., unacceptable.)

It was the teddy bear that the child wanted. (Animate subj.,
cleft obj., acceptable.)

It was the Polish bread that the family liked to eat.
(Animate subj., cleft obj., acceptable.)

It was the upbeat pop song that the grandfather hated.
(Animate subj., cleft obj., acceptable.)

It was the young man that the engagement ring bought.
(Animate subj., cleft obj., unacceptable.)

It was the CEO that the enormous file requested. (Animate
subj., cleft obj., unacceptable.)

It was the owner of the house that the light fixed. (Animate
subj., cleft obj., unacceptable.)

It was the model that the cheeseburger ate. (Animate subj.,
cleft obj., unacceptable.)

It was the older man that the speech offended. (Animate
obj., cleft obj., acceptable.)

It was the widow that the vivid dream tormented. (Animate
obj., cleft obj., acceptable.)

It was the innocent people that the restrictions affected.
(Animate obj., cleft obj., acceptable.)

It was the berry that the amateur hunter poisoned. (Animate
obj., cleft obj., unacceptable.)

(Appendices continue)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

It was the memory that the heartbroken girl haunted.
(Animate obj., cleft obj., unacceptable.)

It was the embroidery that the young girl calmed down.
(Animate obj., cleft obj., unacceptable.)

It was the amulet that the innocent children hypnotized.
(Animate obj., cleft obj., unacceptable.)

The boy envied the friend that bought a new game.
(Animate subj., obj.-subj., acceptable.)

The girl played with the friend that injured her foot.
(Animate subj., obj.-subj., acceptable.)

The athlete hired the manager that applied for the position.
(Animate subj., obj.-subj., acceptable.)

The scarf loved the designer that kept the model warm.
(Animate subj., obj.-subj., unacceptable.)

The milk drank the lawyer that turned sour. (Animate subj.,
obj.-subj., unacceptable.)

The castle hated the man that interested all tourists.
(Animate subj., obj.-subj., unacceptable.)

The sound listened to the man that came from the base-
ment. (Animate subj., obj.-subj., unacceptable.)

The artwork fascinated the girl that loved to paint.
(Animate obj., obj.-subj., acceptable.)

The drug worried the pharmacist that worked with patients.
(Animate obj., obj.-subj., acceptable.)

The book inspired the young girl that admired strong
women. (Animate obj., obj.-subj., acceptable.)

The flower field charmed the lady that had always lived in
the city. (Animate obj., obj.-subj., acceptable.)

The woman bothered the rain that had straightened her
hair. (Animate obj., obj.-subj., unacceptable.)

The police officer puzzled the evidence that investigated
the case. (Animate obj., obj., unacceptable.)

The gardener pleased the good weather that worked out-
side. (Animate obj., obj.-subj., unacceptable.)

The employee that the boss fired yelled at her supervisor.
(Animate subj., subj.-obj., acceptable.)

The singer that everybody loved hated rock music.
(Animate subj., subj.-obj., acceptable.)
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47.

48.

49.

50.

EXTENDING THE REFERENTIAL COMPLEXITY SCALE 133

The actress that the audience booed at called her manager.
(Animate subj., subj.-obj., acceptable.)

The man that the painter loved despised his parents.
(Animate subj., subj.-obj., acceptable.)

The door that nobody trusted pushed the doctor open.
(Animate subj., subj.-obj., unacceptable.)

The secrets that the woman was seeing betrayed her psy-
chologist. (Animate subj., subj.-obj., unacceptable.)

The knee that the coach trained injured his gymnast.
(Animate subj., subj.-obj., unacceptable.)

The meat that the butcher cut delighted the customer.
(Animate obj., subj.-obj., acceptable.)

51.

52.

53.

54.

55.

56.

The pen that the teacher brought splashed ink on the chil-
dren. (Animate obj., subj.-obj., acceptable.)

The song that the mother played comforted the sad daugh-
ter. (Animate obj., subj.-obj., acceptable.)

The man that the doctor recommended helped the exer-
cises. (Animate obj., subj.-obj., unacceptable.)

The man that the plumber didn’t fix annoyed the leaking
shower. (Animate obj., subj.-obj., unacceptable.)

The customers that the woman made impressed the brace-
let. (Animate obj., subj.-obj., unacceptable.)

The audience that the acrobats performed astonished the
trick. (Animate obj., subj.-obj., unacceptable.)
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Appendix B
Table B1
Model Output for Pronominal Use and Cognitive Control in Experiment 1
Fixed effect Coefficient ~ SE P

VWM —.187843 38696  .85699
Switching 79506 32927  .01575
Inhibition —.32213 29086  .26808
Number of characters —3.63489 34722 <.0001
Age 94772 31862  .00293
Version —.44732 62783 47616
VWM x Number of Characters 34981 .25099  .16340
Switching x Number of Characters —.26665 25211  .29021
Inhibition x Number of Characters 14920 25931  .56502
VWM x Age —.60016 .30346  .47962
Switching x Age —.18122 34036  .59422
Inhibition x Age —.07961 29564 78770
Age x Number of Characters —.18163 .25539 47697
VWM x Version —1.34090 .60560  .26820
Switching x Version —.26053 .65567  .69111
Inhibition x Version 32923 58129 57114
Number of Characters x Version —1.12074 .62288  .07198
Age x Version —1.57740 .63537  .13044
VWM x Age x Number of Characters —.18448 24402 44964
Switching x Age x Number of Characters 01720 .26204  .94767
Inhibition x Age x Number of Characters —.18398 24474 45221
VWM x Number of Characters x Version 60055 .50365 23311
Switching x Number of Characters x Version —.07647 .50629  .87994
Inhibition x Number of Characters x Version —.75460 .49952  .13088
VWM x Age x Version 57926 .60465  .33806
Switching x Age x Version 106744 68133  .11718
Inhibition x Age x Version —.52146 58127  .36966
Number of Characters x Age x Version 14299 53170 78798
VWM x Number of Characters x Age x Version —.63599 49048  .19474
Switching x Number of Characters x Age x Version —.34106 .53724  .52488
Inhibition x Number of Characters x Age x Version = —.36555 .50270 46712

Note. VWM = verbal working memory.

(Appendices continue)
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Appendix C

Full list of experimental items from the story continuation tasks in
Experiments 1-4:
Critical trials from Experiment 1:

1.

Doggie cooked rice (with Mousey) for dinner.

2. Mousey was out all day (with Birdie) and came home

8.
9.
10.
11.
12.

13.

14.
15.
16.
17.

18.
19.
20.

hungry.

. Froggy decided to work on a painting (with Duckie) at the

weekend.

. Bunny wrote a song (with Horsey) to play on the piano.
. Birdie ran out the door (with Kitty) and forgot to turn off

the bath.

. Duckie walked to the botanical gardens (with Piggy) to

look at the plants.

. Horsey was feeling ill when walking (with Goosey) to

work.

Kitty went (with Froggy) to buy a motorbike.

Piggy went for a run (with Bunny) around the park.
Goosey sat down (with Doggie) on the park bench.
Doggie went (with Mousey) to pick up the newspaper.
Duckie took a cooking course (with Piggy) over the
summer.

Froggy made a cake (with Duckie) to celebrate the
occasion.

Goosey went ice skating (with Doggie) in the city.

Birdie ran the marathon (with Kitty) in New York.

Kitty went (with Froggy) to buy a new camera.

Horsey went to the countryside (with Goosey) for a peace-
ful afternoon.

Mousey went to the canal (with Birdie) during lunch break.
Piggy went (with Bunny) to the outdoor concert.

Bunny went (with Horsey) to the café.

Filler trials from Experiment 1:

16.
17.
18.
19.

ISEN-N-CIEN - NV I N FCRY S

. Kitty just finished a quilting project.
. Birdie spent the evening with Bunny at the dance school.

Goosey wanted to try something new.
Bunny decided to invite a friend out to lunch.

. Doggie played hide and seek with Mousey this afternoon.

Horsey went with Bunny to buy some flowers.

. Kitty went apple-picking with Piggy in the orchard.

. Froggy had a sore ankle after running on the cobblestone.
. Kitty needed help with the homework.

. Doggie learned how to tie a shoelace with Mousey at

school.

. Horsey went with Bunny to the chemist.

. Mousey was excited to go to the theme park.

. Bunny went with Birdie to the art show.

. Froggy wanted to join a community project.

. Kitty did some Spring cleaning with Doggie at the

weekend.

Piggy needed help packing for a holiday abroad.
Horsey watched the sunset with Bunny on the terrace.
Goosey went bowling with Horsey after school.
Duckie realized that the shirt had wrinkles.

(Appendices continue)

20.
21.
22.
23.
24.

25.

26.
27.

28.

29.
30.
31.
32.
33.
34.
35.
36.

37.
38.
39.

40.

Goosey went with Birdie to band practice.

Bunny got lost when going for a walk.

Duckie went hiking with Froggy and tripped on a rock.
Goosey made dinner with Horsey this evening.

Froggy decided to get in shape with Bunny over the
summer.

Bunny worked on the puzzle with Piggy for 10 days
straight.

Birdie decided to chop some firewood.

Froggy decided to go for a long walk since the weather was
nice.

Goosey thought that everyone forgot about the birthday
party.

Froggy went with Kitty to the lake this morning.

Duckie studied for the exam with Birdie yesterday.
Duckie heard that an amazing band was in town.

Piggy got ready with Mousey for the celebration.

Duckie was very upset about the decision.

Kitty went to play in the back garden.

Duckie went with Froggy to the park to throw the frisbee.
Mousey spent hours playing a board game with Birdie last
night.

Kitty decided to go outside and enjoy the day.

Horsey had a craving for something sweet.

Doggie tried to think of something interesting to do after
school.

Mousey forgot to make the bed this morning.

Critical trials from Experiment 2:

10.

11.

12.

13.

. Goosey attended the awards night (with Froggy) (and also

Horsey).

. Birdie forgot to turn off the bath as he ran out the door

(with Kitty) (and also Mousey).

. Duckie walked to the botanical gardens to look at the plants

(with Piggy) (and also Horsey).

. Bunny went to the café (with Horsey) (and also Piggy).
. Froggy made a cake to celebrate the occasion (with

Duckie) (and also Goosey).

. Kitty went to buy a new camera (with Froggy) (and also

Birdie).

. Kitty decided to go camping at the weekend (with Doggie)

(and also Piggy).

. Mousey went to the canal during lunch break (with Birdie)

(and also Doggie).

. Doggie was feeling cold while sitting in the living room

(with Duckie) (and also Bunny).

Piggy went to the outdoor concert (with Bunny) (and also
Duckie).

Duckie took a cooking course over the summer (with
Piggy) (and also Birdie).

Horsey went to the countryside for a peaceful afternoon
(with Goosey) (and also Kitty).

Mousey was hungry after a long walk (with Birdie) (and
also Piggy).
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
217.

28.

29.

30.
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Horsey was feeling ill when walking to work (with
Goosey) (and also Bunny).

Piggy went to wash a load of laundry (with Kitty) (and also
Bunny).

Birdie ran the marathon in New York (with Kitty) (and also
Mousey).

Kitty went to buy a motorbike (with Froggy) (and also
Doggie).

Doggie went to pick up the newspaper (with Mousey) (and
also Duckie).

Froggy decided to work on a painting at the weekend (with
Duckie) (and also Bunny).

Goosey went to the park for some fresh air (with Doggie)
(and also Froggy).

Mousey went to the pool on a hot summer day (with
Froggy) (and also Doggie).

Doggie cooked rice for dinner (with Mousey) (and also
Kitty).

Piggy went for a run around the park (with Bunny) (and
also Kitty).

Goosey went ice skating in the city (with Doggie) (and also
Froggy).

Bunny decided to test out a new song (with Horsey) (and
also Doggie).

Duckie saw a shooting star (with Birdie) (and also Piggy).
Kitty went to the shop to buy stationery (with Horsey) (and
also Birdie).

Horsey went to the supermarket to do his weekly shopping
(with Bunny) (and also Goosey).

Froggy tried out for the talent show (with Duckie) (and
also Mousey).

Birdie had a notion for black tea and walked into the
kitchen (with Mousey) (and also Goosey).

1 — 2 different-gender trials from Experiment 3:

1.

S I - NV R NI

Doggie tried to think of something interesting to do after
school.

. Kitty just finished a quilting project.

Bunny decided to invite a friend out to lunch.
Goosey wanted to try something new.
Mousey was excited to go to the theme park.
Froggy wanted to join a community project.

. Piggy needed help packing for a holiday abroad.
. Duckie realized that the shirt had wrinkles.

. Birdie decided to chop some firewood.

. Horsey had a craving for something sweet.

2 — 1 different-gender trials from Experiment 3:

PN U AW~

. Birdie spent the evening with Bunny at the dance school.
. Doggie played hide and seek with Mousey this afternoon.

Horsey went with Bunny to buy some flowers.

. Kitty went apple-picking with Piggy in the orchard.

Bunny went with Birdie to the art show.
Goosey went bowling with Horsey after school.
Duckie went hiking with Froggy and tripped on a rock.

. Froggy decided to get in shape with Bunny over the

summer.

. Piggy got ready with Mousey for the celebration.

(Appendices continue)

10.

Mousey spent hours playing a board game with Birdie last
night.

2 — 2 same-gender trials from Experiment 3:

N W=

[o)}

. Bunny went with Goosey to the cafe.

. Froggy made a cake with Horsey to celebrate the occasion.
. Doggie went with Piggy to pick up the newspaper.

. Goosey went ice skating with Kitty in the city.

. Horsey went to the countryside with Birdie for a peaceful

afternoon.

. Mousey went to the canal with Bunny during lunch break.
. Piggy went with Froggy to the outdoor concert.
. Duckie took a cooking course with Mousey over the

summer.

. Birdie ran the marathon with Doggie in New York.
. Kitty went with Duckie to buy a new camera.

1 — 2 different-gender trials from Experiment 4:

1.

10.

11.

12.

13.

15.

16.

17.

18.

19.

Doggie tried to think of something interesting to do after
school. He had an idea.

. Kitty just finished a quilting project. She was pleased with

the patchwork.

. Bunny decided to invite a friend out to lunch. She went

outside to make a call.

. Goosey wanted to try something new. She thought of an

activity that seemed interesting.

. Mousey was excited to go to the theme park. She likes all

of the attractions.

. Froggy wanted to join a community project. He liked to

help out and make new friends.

. Piggy needed help packing for a holiday abroad. He wasn’t

sure what clothes to bring to Italy.

. Duckie realized that the shirt had wrinkles. She needed to

sort it out before leaving for work.

. Birdie decided to chop some firewood. He wanted some

logs for the fireplace.

Froggy had a sore ankle after running on the cobblestone.
He thought it had been fractured.

Kitty needed help with the homework. She found the ques-
tions quite difficult.

Bunny got lost when going for a walk. She wasn’t sure how
to get back home.

Froggy decided to go for a long walk since the weather was
nice. He ventured to the other side of town.

. Goosey thought that everyone had forgotten about the

birthday party. She had spent ages planning it and was
very sad.

Duckie heard that an amazing band was in town. She
decided to buy tickets.

Duckie was very upset about the decision. She couldn’t
believe it.

Kitty went to play in the back garden. She was in a great
mood.

Kitty decided to go outside and enjoy the day. She came up
with a fun plan.

Mousey forgot to make the bed this morning. She needed
some help with it.



is not to be disseminated broadly.

This document is copyrighted by the Ame
This article is intended solely for the personal use of the individual user ¢

136

20.

LONG, ROHDE, ORAA ALI, AND RUBIO-FERNANDEZ

Horsey had a craving for something sweet. He has quite the
sweet tooth.

2 — 1 different-gender trials from Experiment 4:

1.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

Birdie spent the evening with Bunny at the dance school.
He loved to go to dance class.

. Doggie played hide and seek with Mousey this afternoon.

He thought of the perfect spot to hide in.

. Horsey went with Bunny to buy some flowers. He wanted

something big for the living room.

. Kitty went apple-picking with Piggy in the orchard. She

loved to find the best ones.

. Bunny went with Birdie to the art show. She was hoping to

find a nice painting.

. Goosey went bowling with Horsey after school. She had

been practicing for weeks.

. Duckie went hiking with Froggy and tripped on a rock. She

was quite clumsy.

. Froggy decided to get in shape with Bunny over the sum-

mer. He even bought a gym membership.

. Piggy got ready with Mousey for the celebration. He

wasn’t sure which tie to wear.

Mousey spent hours playing a board game with Birdie last
night. She really wanted to win so wouldn’t stop playing.
Doggie learned how to tie a shoelace with Mousey at
school. He was so excited to be able to do it.

Horsey went with Bunny to the chemist. He had a bad
headache and needed ibuprofen.

Kitty did some spring cleaning with Doggie at the week-
end. She loved to tidy up.

Horsey watched the sunset with Bunny on the terrace. He
was amazed by the vivid colors.

Goosey went with Birdie to band practice. She had been
practicing all week.

Goosey made dinner with Horsey this evening. She wanted
to prepare a salad.

Bunny worked on the puzzle with Piggy for 10 days
straight. She was determined to finish it.

. Froggy went with Kitty to the lake this morning. He

decided a boat ride would be nice.

Duckie studied for the exam with Birdie yesterday. She
wasn’t feeling very confident.

Duckie went with Froggy to the park to throw the frisbee.
She was hoping to get better at the game.

2 — 2 same-gender trials from Experiment 4:

1.

10.

Bunny went with Goosey to the cafe. The cafe was
Bunny’s favorite place.

. Froggy made a cake with Horsey to celebrate the occasion.

Making cakes is Froggy’s forte.

. Doggie went with Piggy to pick up the newspaper. There

was always something interesting for Doggie to read.

. Goosey went ice skating with Kitty in the city. Ice skating

was Goosey’s most beloved pastime.

. Horsey went to the countryside with Birdie for a peaceful

afternoon. Getting out in the fresh air relaxed Horsey.

. Mousey went to the canal with Bunny during lunch break.

Going there was Mousey’s idea.

. Piggy went with Froggy to the outdoor concert. The con-

cert exceeded Piggy’s expectations.

. Duckie took a cooking course with Mousey over the sum-

mer. Learning to cook was one of Duckie’s main priorities.

. Birdie ran the marathon with Doggie in New York. The

marathon was difficult for Birdie.

Kitty went with Duckie to buy a new camera. The new
camera was much more sophisticated than Kitty’s old
one.

2 — 2 same-gender trials from Experiment 4:

1.

10.

Doggie cooked rice with Mousey for dinner. Rice was
Doggie’s favorite meal.

. Goosey sat down with Doggie on the park bench. Work

had been quite exhausting for Goosey that day.

. Horsey was feeling ill when walking with Goosey to work.

Something was aggravating Horsey’s allergies.

. Mousey was out all day with Birdie and came home hun-

gry. A growling sound came from Mousey’s stomach.

. Froggy decided to work on a painting with Duckie at the

weekend. Painting was Froggy’s new hobby.

. Duckie walked to the botanical gardens with Piggy to look

at the plants. The daisies drew Duckie’s attention.

. Kitty went with Froggy to buy a motorbike. Riding a bike

had been Kitty’s childhood dream.

. Piggy went for a run with Bunny around the park. It had

been months since Piggy’s last run.

. Bunny wrote a song with Horsey to play on the piano. The

song had a special meaning for Bunny.
Birdie ran out the door with Kitty and forgot to turn off the
bath. It was time for Birdie’s favorite TV show.
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