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Abstract: Remote communicative contexts are part of everyday social, familial, and academic interac-
tions for the modern child. We investigated the ability of second-graders to engage in remote discourse, 
and we determined whether language ability, theory of mind, and shy temperament predicted their 
success. Fifty 7-to-9-year-old monolingual English speakers with a wide range of language abilities par-
ticipated in standardized testing and an expository discourse task in which they taught two adults to 
solve the Tower of London, one in an audiovisual condition to simulate video chat and a second in an 
audio-only condition to simulate phone communication. The discourse was scored with a rubric of 15 
items deemed relevant to the explanation. Children included 27% to 87% of the items, with more items 
communicated via gesture than spoken word in both conditions. Gesture scores and spoken scores 
were highly correlated. Children specified more rubric items overall in the audio condition and more 
rubric items in the spoken modality when in the audio condition than the audiovisual condition. Per-
formance in both conditions was positively associated with scores on independent measures of lan-
guage ability. There was no relationship between performance and theory of mind, shy temperament, 
ability to solve the Tower of London, age, or sex. We conclude that 7-to-9-year-olds adjust the modality 
and content of their message to suit their remote partner's needs, but their success in remote discourse 
contexts varies significantly from individual to individual. Children with below-average language skills 
are at risk for functional impairments in remote communication. 
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Introduction 

Children modify their communication according to audience and context (Akhtar et 
al., 1996; Mori & Cigala, 2016; Nadig & Sedivy, 2002; Nilsen & Fecica, 2011; Shatz & 
Gelman, 1973). For example, four-year-olds speak in shorter sentences and use more 
utterances to draw the listener's attention when addressing toddlers than peers or 
adults (Shatz & Gelman, 1973). However, this early emerging skill must be honed over 
developmental time as children encounter new contexts. In this paper, we considered 
remote communication, a context that is prominent in the everyday lives of children 
(McClure et al., 2015; MPFS, 2018) and particularly so since the first quarter of 2020 
when many families were quarantined in response to the COVID19 pandemic (Koeze 
& Popper, 2020). We investigated second-graders' ability to engage in discourse via an 
audio-only channel to simulate phone communication and via an audiovisual channel 
to simulate video chat, and we determined whether language ability, theory of mind, 
and shy temperament predicted their success.  

Children’s Phone and Video Communications 

From birth, children have access to various technologies with which they learn to 
share meaning with others (Erstad et al., 2020). Children’s phone talk has long been 
recognized as a developmental step between the ‘here and now’ audible and instanta-
neous exchange characteristic of face-to-face talk and the decontextualized nature of 
written communication (Cameron & Lee, 1997; Gillen, 2002). Children talk on the 
phone long before they can read and write yet, to do so successfully, they must heed 
the needs of listeners who do not share their immediate context, just as the successful 
writer must.  

Children’s phone communication skills emerge early but follow a protracted develop-
mental course. Take, for example, a study by Cameron and Lee (1997). They had three 
to eight-year-olds solve the Tower of London (Shallice, 1982), a task in which the child 
must move beads, one at a time, onto pegs to match an array demonstrated by the 
examiner in as few moves as possible. Afterward, they asked the children to explain 
the task to listeners face-to-face or on the phone. The older children gave more com-
plete directions than the younger children. Children of all ages provided more detail 
and used more specific vocabulary while speaking on the phone than in person (Cam-
eron & Lee, 1997). However, their communication was not necessarily worse when in 
person. The children used frequent visual checking of the listener's performance, pre-
sumably to adapt the directions to the listener's needs; what they accomplished with 
shared visual contexts when face-to-face, they accomplished with more extensive, de-
tailed instructions when on the phone.  
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An early ability to adjust to a remote listener’s needs is also evident in narrative dis-
course. For example, Pinto et al. (2016) found that 5-to7-year-olds make more mention 
of characters' mental states when narrating a pictured event during phone talk than 
when face-to-face, presumably because they realize that the listener cannot intuit the 
characters' mental states without seeing the pictures.  

Children’s communication on video-chat platforms has been less extensively re-
searched than their phone talk. However, here too, we find very young children 
demonstrating some success. For example, McClure et al. (2018) observed families 
with babies ages 6 to 24 months as they engaged in video chats with the babies' grand-
parents. They were particularly interested in times when the baby initiated joint at-
tention with the grandparent across the screen by, for example, showing a toy. 
Whereas only 8% of the babies under 15 months ever did so, 46% of the babies older 
than 15 months engaged their grandparents in this way. This extremely early perfor-
mance reflects an essential difference between video chat and phone talk, shared vis-
ual context.  

In complicated communicative exchanges, even adults may benefit from shared vis-
ual context. For example, Veinott et al. (1999) asked native and non-native English 
speakers to explain a mapped route to a listener who joined them via video or audio-
only. Although the native-speaking pairs were equally successful in the video and au-
dio conditions, the non-native speakers benefitted from the video context. Specifi-
cally, they were faster and more accurate at communicating the route in the video 
condition. This success was engendered by more talk devoted to instruction, more 
checks on mutual understanding, and more frequent gesturing. However, gesture was 
not considered in the Cameron and Lee (1997) comparison of children's phone and in-
person communication; therefore, we do not know the extent to which children's 
communication might be enhanced by gesture in remote communication contexts 
that involve shared visual access. 

The Development of Discourse in the Gesture and Speech Modalities 

Gesture and speech are integrated systems of communication. They work together to 
convey meaning and affect, and they do so in ways that benefit both the listener and 
the speaker. When compared to speech alone, speech plus gesture reliably enhance 
listeners' comprehension. The benefits are greater for gestures that convey actions 
(e.g., how to do something) rather than abstract concepts (e.g., how something feels) 
and for gestures that complement rather than reproduce the meanings conveyed by 
words (Hostetter, 2011). In addition, children benefit from gestured input more than 
adults (Hostetter, 2011). Not surprisingly then, children tend to learn more readily 
from teachers who frequently gesture in ways that accurately convey new concepts 
than from teachers who do not (Alibali et al., 2013; Ovendale et al., 2018).  
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For the speaker, gesture assists with memory and planning the information to be con-
veyed (Alibali et al., 2000). Moreover, gesture supports thought. Under high cognitive 
load, like solving a problem, counting, or reasoning out load, children’s gestures re-
flect their understanding (Alibali & Goldin-Meadow, 1993; Broaders, et al., 2007; 
Church & Goldin-Meadow, 1986; Ehrlich et al., 2006; Garber & Goldin-Meadow, 2002; 
Göksun et al., 2010; Pine, et al., 2004). When on the cusp of understanding, children 
often convey a more accurate grasp with their gestures than with their words, and this 
gesture-speech mismatch indicates learning readiness (Alibali & Goldin-Meadow, 
1993). 

Children communicate with gestures before they speak their first word (Capone & 
McGregor, 2004). However, gesture, like spoken language, continues to develop well 
into the school years. Alamillo et al. (2013) observed six- and 10-year olds during mon-
ologic narrative and dialogic explanation tasks. The older children used not only more 
complex spoken language but also more complex gestures. Both groups of children 
used more gestures during dialogue than monologue, suggesting some awareness of 
their partner's needs during the dialogic exchange.  

Roth (2002) argues that gesture provides a stepping stone along the path of discourse 
development and in the expression of new knowledge during discourse. He observed 
tenth-grade students over multiple physics lessons as they conducted hands-on exper-
iments and then explained their findings. The result was a robust developmental pro-
gression. First, the students spoke as they repeated their actions on the objects used 
in the experiments and, soon after, as they simulated the actions on other arbitrary 
objects. Gradually, they supplemented their spoken explanations with gestures pro-
duced without the support of objects. In these early attempts, the students tended to 
be more accurate in their actions on objects and their gestures in general than in their 
spoken explanations. Finally, the students arrived at a mature understanding of the 
physics problems they expressed in written or spoken words. At this mastery stage, 
spoken language and gesture continued to co-occur, although the gesture frequency 
was lower than in the more novice stages. In this way, the developmental course of 
these much older children faced with a new and complex task recapitulated the early 
communicative development of toddlers. Both demonstrate a progression from ac-
tions on objects to gesture to speech while never abandoning any of these highly func-
tional modalities (Capone & McGregor, 2004). 
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The Contribution of Language Ability, Theory of Mind, and Shy Temperament to 
Successful Remote Communication 

The success of any communicative interaction and the extent to which speakers can 
adapt their gestured and spoken communication to contextual demands will depend, 
in part, on the language abilities of the interlocutors. When communicating on the 
phone, the lack of shared visual context means that the speaker must provide infor-
mation via words rather than gestures and that the words and their organization must 
be specific enough to enable comprehension. In these decontextualized exchanges, 
language becomes the context, and thus the communication partners must have the 
lexical, syntactic, and discourse skills necessary for creating clarity and common 
ground (Uccelli et al., 2019). When communicating via video chat, the shared visual 
context lessens these demands. However, challenges remain relative to face-to-face 
communication where the extent of the shared visual context is greater, the signal-to-
noise ratio is higher, and physical interaction is viable.  

Another factor influencing the success of communicative exchange is the interlocu-
tors’ ability to engage in theory of mind (Hughes & Leekham, 2004; Miller, 2006). The-
ory of mind refers to perceiving one's own and others' emotions, beliefs, desires, 
thoughts, and knowledge systems. Theory of mind develops from early childhood 
well into adolescence (Dorval et al., 1984). A speaker with a mature theory of mind 
will recognize the listener's need for more or less information.  

Nevertheless, remote communication may present some challenges to perspective-
taking, even for those with a strong theory of mind. Keeping track of the listener’s 
perspective without a shared visual context, as during phone conversations, may im-
pose a high memory load (Zhao et al., 2018). Moreover, primate work demonstrates 
that face, hand, and body movements provide essential cues to accurate social per-
ception (Allison et al., 2000). Adult humans will even infer mental states from the 
movement of animated abstract shapes (Castelli et al., 2002). During remote commu-
nication, movements that cue the extent of the listener’s understanding are limited 
(in video chat) or missing (in phone interactions). 

The temperament of the interlocutors may influence the success of communication 
as well. Temperament is a stable trait that is highly heritable (Buss & Plomin, 1984; 
see Henderson & Wachs, 2007, for a review). Children who possess a shy tempera-
ment are inclined to withdraw from social interaction, particularly in unfamiliar so-
cial situations (Schmidt & Tasker, 2000). Shy children are reticent to talk; they talk 
less, make fewer spontaneous remarks, and are more likely to be unresponsive to 
strangers than their outgoing peers (Prior et al., 2000; Smith Watts et al., 2014). Thus, 
the high verbal demands of remote communication contexts may be especially chal-
lenging for shy children. That said, remote communication may be more comfortable 
than face-to-face communication for some shy children, in which case they may be 
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less reticent than documented in previous (in-person) research. 

Although they are separate constructs, language ability, theory of mind, and shy tem-
perament are interrelated. The relation between language and theory of mind is well 
studied. A meta-analysis of 104 studies with English-speaking children below age 
seven revealed a significant positive relationship between language and theory of 
mind abilities (Milligan et al., 2007). For example, vocabulary and grammar skills at 
two (Farrar & Maag, 2002) and grammar skills at three (Astington & Jenkins, 1999) 
predict theory of mind skills two years later. Language and shyness are also related. 
Specifically, shy children tend to score lower on formal tests of pragmatics (Copelan 
& Weeks, 2009), receptive vocabulary, and phonemic awareness (Spere et al., 2004) 
than their more outgoing peers, although not so low to be of clinical concern. 

In contrast, the relation between shyness and theory of mind is not fully understood. 
Some investigators find that shy children perform more poorly on theory of mind tests 
than outgoing children  (Banerjee & Henderson, 2001; DeRosnay et al., 2014; Walker, 
2005), leading them to hypothesize that a shy temperament limits their social-com-
municative interactions, and thus their opportunities to learn more about reading an-
other’s mind. On the other hand, others report that shy children demonstrate an ad-
vantage on theory of mind tests (Mink et al., 2014; Wellman et al., 2011), leading them 
to hypothesize that shy children sharpen their theory of mind by observing others' 
social-communicative interactions.  

The Current Study 

In the current study, we examined the expository discourse of second graders in two 
remote communication contexts, one that simulated phone communication by 
providing an audio channel only and the other that simulated video chat communica-
tion by including both audio and visual channels. We were particularly interested in 
second graders because they are in the throes of language and theory of mind devel-
opment and, by second grade, their temperament is highly stable (Neppl et al., 2010). 
Moreover, they are still early in their formal reading and writing instruction years, a 
time when individual differences in bridging the fully contextualized nature of face-
to-face talk and the fully decontextualized nature of formal writing are likely to be 
high. 

Expository discourse typically involves more complex syntax and more specific or so-
phisticated vocabulary choices than conversational discourse. We selected an expos-
itory discourse task because it is more likely than conversational exchange to reveal 
individual differences between children. For example, adolescents with language im-
pairments do not differ significantly from their typical age-mates in conversation but, 
during exposition, they tend to use shorter, less syntactically complex sentences (Nip-
pold et al., 2008). Expository discourse is also high in ecological validity given that 
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mastery of expository discourse is recommended as an instructional goal in the aca-
demic curriculum (CCSS; Common Core State Standards Initiative, 2015), and it is the 

type of discourse required for everyday communicative goals such as giving directions 
or explaining the rules of a game (Lundine & McCauley, 2016). 

Like Cameron and Lee (1997), we used the Tower of London to elicit the expository 
discourse. The task requires problem-solving and planning (visualizing several moves 
ahead) and other aspects of executive function such as attention, memory, and inhi-
bition. Language, either internalized or externalized, is helpful for scaffolding perfor-
mance on the Tower of London. Perhaps, as a result, children with developmental 
language disorder tend to perform poorly on the task (Larson et al., 2019; Marton, 
2008; Roello et al., 2015, and verbal suppression impairs performance in children with 
and without language disorder (Lidstone et al., 2012). After completing the Tower of 
London, we asked the children to explain the game to two naive adults, one who was 
not present but could hear them (audio condition) and one who was not present but 
could hear and see them (audiovisual condition). 

Questions and Hypotheses 

We preregistered the study (McGregor et al., 2019, available at this link: OSF Registries 
| Children's Voabulary Project; Remote Communication) as a comparison between 
second graders with and without developmental language disorder, a prevalent neu-
rodevelopmental condition characterized by limitations in language learning, com-
prehension, and use. Unfortunately, because of the COVID-19 pandemic, we were 
forced to close the study before recruiting enough participants with developmental 
language disorder. Nevertheless, we had an excellent distribution of language abili-
ties represented in the sample and adequate power to investigate language ability as 
a continuous predictor of remote communication performance. Thus, we modified 
our predictions to be: 

Children would provide more complete directions in the audiovisual than audio con-
dition because they would more frequently supplement their verbal message with ges-
tures in the latter than the former. 

There would be individual differences across children such that those who have more 
robust vocabularies, who are less shy, and who have a more highly developed theory 
of mind would be more successful on the task than those who scored lower in these 
domains. We also determined the effect of age, sex, and success on the Tower of Lon-
don itself. 

Finally, we took this opportunity to explore the relationships between vocabulary, 
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theory of mind, and shyness to address incomplete or conflicting reports in the liter-
ature. 

Methods 

Participants 

The project was conducted in compliance with protocols approved by the Internal Re-
view Board of Boys Town National Research Hospital to ensure the protection of hu-
man subjects. Participants were 50 second graders (29 girls), ages 7 to 9 years (median 
= 100 months, min-max = 88 to 109). Two additional children were tested but are not 
included here, one because of a subsequently diagnosed seizure disorder and the 
other because of attrition. 

All participants were monolingual English speakers from Iowa or Nebraska in the 
United States recruited from a larger longitudinal study of language development (Re-
search Registry 3425, 2017). According to parents’ reports of ethnicity, one participant 
was Hispanic or Latino, 41 were neither Hispanic nor Latino. Eight parents did not 
report ethnicity. According to parents’ reports of race, one participant was African 
American, 43 were Caucasian, and six were more than one race.  

The children presented with a range of spoken language abilities, with standard 
scores from 72 to 127 on the Test of Narrative Language-second edition (TNL-2, Gillam & 
Pearson, 2017). Eleven were receiving special support for language in or outside of 
school. To ensure that neither intellectual disability nor hearing loss contributed to 
variability in task performance, we limited enrollment to participants who earned a 
perceptual index score of 70 or higher on the Wechsler Abbreviated Scale of Intelligence 
(Wechsler, 1999) and passed a pure tone audiometric screening. 

Procedure 

We administered standardized tests to determine the abilities that predict expository 
discourse performance, and then we administered the expository discourse task it-
self. Data collection occurred over two or three sessions scheduled within two weeks. 

NIH Toolbox Picture Vocabulary Test 

The NIH Toolbox Picture Vocabulary Test (Gershon et al., 2013) measures receptive sin-
gle-word vocabulary. The participant is instructed to touch the image in a 4-alterna-
tive forced-choice array that they believe is most closely associated with the word they 
heard. The difficulty level of each trial is automatically adjusted by the software pro-
gram, contingent on the participant's previous response's accuracy. Raw scores on 
this task were converted to normally distributed standard scores (scaled scores) that 
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were not age-corrected. Specifically, the raw scores were ranked and then trans-
formed to create a standard normal distribution, which was then re-scaled to have a 
mean of 10 and a standard deviation of 3.  

Temperament in Middle Childhood Questionnaire (TMCQ) 

The TMCQ (Simonds & Rothbart, 2006) taps caregiver judgments of the emotional 
temperament of children between 7 and 10 years of age. Although the TMCQ 
measures a broad range of temperament traits, we only used the items that tapped 
shyness. The temperament dimension "shyness" is operationally defined in the TMCQ 
as "slow or inhibited approach in situations involving novelty uncertainty." The shy-
ness score was calculated by summing the ratings for the five questions categorized 
within the shyness temperament dimension.  

Theory of Mind Inventory-2 (ToMI-2) 

On the ToMI-2 (Hutchins & Prelock, 2016), caregivers mark along a 5-point continuum 
ranging from “Definitely Not” to “Definitely” to describe the most likely way their 
child would mentalize in 60 different scenarios. The questionnaire is scored by plot-
ting each response along a 20-centimeter scale and rounding the score to the nearest 
tenth. In the present analysis, these scores were then summed and divided by 60 to 
derive a mean score ranging from 1 to 20.  

Tower of London (ToL) 

The Tower of London Drexel University -2nd Edition (Culbertson & Zillmer, 2005) 
measures problem-solving and planning. In the ToL, both the children and the exam-
iner use boards containing three pegs of varied sizes holding one to three colored 
beads. The examiner demonstrates beads stacked in 10 different arrangements on 
wooden pegs. The goal is for the child to move their beads one at a time and in as few 
moves as possible from a start position to match the examiner’s array.  

We administered the task according to the directions in the test manual. The critical 
directions given to the children were: 1) the two pegboards must be alike, 2) as few 
moves as possible must be used to copy the design on the examiner's board, 3) no peg 
may contain more beads than it can hold, and 4) only one bead at a time can be moved, 
in other words, two or more beads cannot be taken off the board at one time. The 
score we derived was the number of moves needed to solve each. Four of the partici-
pants skipped one (N = 3) or 5 (N = 1) items on the ToL due to experimenter error or 
participant fatigue; therefore, we transformed scores by dividing the total number of 
extra moves (total moves – minimum moves) by the minimum number of moves for 
each child. A child who completed each arrangement in the minimum number of 
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moves would have a proportion of 0, whereas a child who completed each arrange-
ment with twice the number of the minimum possible moves would have a proportion 
of 1. 

Expository Discourse 

After completing the ToL, we asked the child to explain its procedures and five exam-
ple problems to two naive adults who were not present, one who could hear them 
(audio condition), and one who could hear and see them (audiovisual condition). By 
simulating phone and video chat rather than engaging the children in these actual 
contexts, we ensured that the performance was the child’s own, not the result of more 
or less scaffolding from a communicative partner. The exact instructions are included 
in the Appendix. All children participated in both conditions with order counterbal-
anced across participants. 

 In the audio condition, we showed the child a photograph of an unfamiliar adult 
woman. We said that she did not have access to video technology but would hear the 
child's instructions when she called later. A phone was included in the photograph. 
The children were then asked to explain to their listeners what the game looks like, 
what the rules are, and exactly how to play.  

In the audiovisual condition, we showed the child a photograph of a second unfamil-
iar adult woman. We said that she had access to a computer (a computer was included 
in the photo), so she would hear and see the child's instructions when she logged in 
later.  

The entirety of the data collection session was video recorded via a laptop camera for 
later scoring. For the audiovisual condition only, we also recorded with a camera on 
a tripod to illustrate more clearly to the child that their remote partner would be able 
to not only hear them but also see them. An example of a child participating in the 
aduio and audiovisual conditions is available at OSF | Example of child completing the 
discourse task. 

Discourse Scoring 

A 15-item rubric was created to capture the pragmatic and semantic content of each 
child’s discourse (see Appendix). The child could receive one point for each of the first 
11 items in the rubric, regardless of whether they expressed that item in gesture, spo-
ken words, or both. Gestures could be representational (e.g., making a circle shape to 
indicate a bead), deictic (e.g., pointing or showing), or demonstration (e.g., moving 
the bead from one peg to the next). The items scored were: item 1, introducing the 
discourse (e.g., saying or gesturing hello); items 2 – 5, explaining each of four rules 
well enough for a naive listener to apply the rule successfully; items 6 – 10, explaining 
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each of five trials well enough for a naive listener to complete the trial successfully; 
and item 11, closing the discourse (e.g., saying or gesturing goodbye, we’re done). In 
addition, we were interested in the children’s use of vocabulary deemed essential to 
the explanation. Thus, they could also earn one point for each of four spoken vocab-
ulary items. These were at least one mention of 1) the bead/ball, 2) the peg/stick/stand, 
3) the location (e.g., here, long peg), and 4) the sequential order (e.g., next, last). A 
second coder independently scored 22% of the discourse samples. The point-to-point 
agreement was 91.94%. 

When using the overall score as a dependent variable, the highest possible score was 
15: 11 spoken and/or gestured items + 4 spoken words. Because some children skipped 
items due to experimenter error or participant fatigue (in the audio condition, 10 par-
ticipants skipped one item and one participant skipped two; in the audiovisual condi-
tion, six participants skipped one item), we transformed scores into proportions 
(points received/total maximum points possible given items administered) and ap-
plied a logit transformation. 

Statistical Analysis 

The preregistered data analysis plan was to use a linear mixed-effects model with the 
explanation score as the dependent variable and independent variables including a 
fixed within-subjects factor of condition (audio or audiovisual) and between-subjects 
effects of diagnosis (DLD or TD), sex (M, F), age, diagnosis x sex, and scores from the 
ToL, vocabulary, theory of mind, and shy temperament assessments. The random-
effects structure was specified as a random intercept for subject. In the modified ver-
sion presented here, we ran the model without the effects of diagnosis and the inter-
action between diagnosis and sex. Before conducting the analysis, we simulated 1000 
datasets to determine the power of the study using a random intercept mixed model 
with a 2-factor within-group variable (condition was a 2-factor within-group variable),  
with 50 total participants and an intraclass correlation of 0.33. We found approxi-
mately 89% power to detect the difference between conditions with an effect size 
of 0.50, a moderate effect. 

We also ran two exploratory models. To anticipate, we had predicted better scores in 
the audiovisual condition but, instead, obtained better scores in the audio condition. 
To explore this finding, we split the omnibus score into one for the gestured modality 
(maximum possible = 11) and one for the spoken modality (maximum possible = 11). 
We then ran a linear mixed model that included the original model variables plus the 
additional vocabulary x condition, modality, and modality x condition variables.  

In a second exploration, we asked whether overall language ability predicted the ex-
pository discourse score. In effect, this is the same question we posed in the registered 
version of the project but abandoned because we were unable to recruit a sizeable 
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cohort of children with developmental language disorder before COVID-19. Instead 
of including the diagnostic category—language disorder or typical language develop-
ment—in the model, we regressed children’s average explanation score (across audio 
and audiovisual conditions) on their scores on the TNL-2. The TNL-2 was used to 
group children into DLD or TD categories in the larger longitudinal project. There is 
evidence that developmental language disorder is a spectrum condition, not a cate-
gorical one (Lancaster & Camarata, 2019; Dollaghan, 2004); thus, considering the 
scores of children who potentially have developmental language disorder on a con-
tinuum with those of children who have typical language development is a valid ap-
proach. 

Finally, we ran a confirmatory model, retesting our primary hypotheses with a linear 
model. 

Results 

Descriptive Data 

The children’s performance on the measures that served as independent variables in 
the statistical models appears in Table 1. Note from the min-max information that 
there was a reasonable range of scores on all measures for use in the statistical mod-
els. The exact distributions are plotted in the Supplemental Materials (Figures S8 
through S18) available at this link OSF | Children's Vocabulary Project; Remote Com-
munication). 

Table 1. Summary statistics for scores that serve as predictors of expository dis-
course performance 

Construct Measure Score Mean (sd) Median Min-Max 

Receptive & Expressive 
Language 

TNL-2 Omnibus Standard 
Score 

104.74 
(14.96) 

108 72-127

Receptive Vocabulary NIH PVT Uncorrected Standard 
Score 

76.76 
(6.97) 

76.5 60-89

Planning & Problem 
Solving 

ToL Proportion Extra 
Moves Score 

0.91 
(0.32) 

0.93 0.14-1.71 

Theory of Mind ToMI-2 Composite Mean 16.95 
(1.94) 

16.84 12.42-19.89 

Shyness TMCQ Shyness Total 13.28 
(3.41) 

13 5-20

Note: TNL-2 = Test of Narrative Language-2nd edition, NIH PVT = NIH Toolbox Picture 
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Vocabulary Test, ToL = Tower of London, ToMI-2 = Theory of Mind Inventory-2nd edition, 
TMCQ = Temperament in Middle Childhood Questionnaire. 

Before proceeding, we examined the relationships between the independent varia-
bles. The univariate correlations appear in Figure 1. As expected for two language 
measures, the TNL-2 and NIH Toolbox PVT scores were highly and positively corre-
lated. The TNL-2 scores were also moderately correlated with the ToMI-2 scores. 
Higher language scores were associated with better theory of mind. Higher language 
scores were weakly correlated with the shyness scores. Shyer children had lower lan-
guage scores on the TNL-2 than more outgoing children. The NIH Toolbox PVT scores 
were moderately correlated with age; higher vocabulary scores were associated with 
older ages. There were also weak correlations between vocabulary scores and scores 
on the TMCQ-shy and the ToMI-2. Children with larger vocabularies tended to be less 
shy and to have a stronger theory of mind. 

 
Figure 1. Matrix of univariate correlations between Predictor Variables. Cells with 
circles indicate a significant correlation (p < .05). Figure created via code in Wei and 
Simko (2017). 
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We derived variance inflation estimates (VIF) to determine multicollinearity 
(Choueiry, 2021; Fox & Weisberg, 2019). The VIF is equal to 1 when a given independ-
ent variable is orthogonal to the other independent variables. VIF values between 5 to 
10 are considered large and indicative of multicollinearity. To anticipate, we ran mod-
els with language measured by the NIH Toolbox PVT or the TNL-2. In either case, VIF 
estimates were <1.775; thus, we could proceed with the models as planned. The de-
tailed results of the VIF analysis appear in the Supplemental Materials. 

Discourse 

The expository discourse scores are plotted in Figure 2. Scores ranged widely, from 
as low as 27% of total possible points in the audiovisual condition to as high as 87% 
in the audio condition. 

Figure 2. Explanation scores (proportion) as a function of Condition (Audio vs. Au-
diovisual). Diamonds represent the group average and error bars +/- 1 SE. Violins 
show the distribution of Explanation scores across children. 

The outcome of the model predicting expository discourse performance indexed by 
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mean explanation scores appears in Table 2. Performance varied with condition; how-
ever, the effect was the opposite of our prediction. We found that children’s explana-
tion scores were significantly lower in the audiovisual (b=0.493) than in the audio 
(b=0.671) condition. As predicted, there was a significant effect of vocabulary. Chil-
dren with larger vocabularies had significantly higher explanation scores. For in-
stance, the average explanation score for a child with below-average vocabulary (i.e., 
69.79; -1 SD below mean) was 0.55. The average explanation score for a child with an 
above-average vocabulary (i.e., 83.73; +1 SD above mean) was 0.62. 

Table 2. Results of Linear Mixed Model Evaluating Predictors of Discourse Perfor-
mance 

Variable Estimate  SE df t Pr(>|t|) 
Intercept 0.582266 0.011192 43  52.023 < 0.00000001 
Condition    -0.177751   0.013307  49  -13.358           < 0.00000001 
Sex       -0.009997   0.023173  43 -0.431                0.6683 
Age          -0.001828   0.002686  43 -0.680                0.4999     
Vocabulary         0.005246 0.002130  43 2.463                0.0179 
Tower of London          - 0.013447 0.035539 43 -0.378               0.7070 
Theory of Mind          0.010406  0.006326  43 1.645                0.1073 
Shyness       -0.002423  0.003554  43 -0.682                0.4990    

Note: SE = standard error, df = degrees of freedom, Pr = probability 

The remaining predicted effects were not obtained. Among these, it is notable that 
the explanation scores did not vary with performance on the ToL, the same task the 
participants were attempting to explain. Thus, any problems in explaining the task 
were not the result of an inability to understand its rules or goals. 

To further understanding of the discourse performance, we examined variation by 
item (Table 3). The children seldom framed their discourse with salutations, open-
ings, or closings. At the other extreme, nearly all children specified spatial and tem-
poral information when conveying how to solve the ToL.  

Exploratory analyses 

The planned analyses revealed, contrary to prediction, that the children performed 
better in the audio condition than in the audiovisual condition. Before drawing any 
conclusions, we examined the data anew. First, we asked whether the condition ef-
fect varied with vocabulary knowledge to determine whether the decrease in perfor-
mance in the video compared to the audio condition was greater for children with 
better vocabularies. A significant condition x vocabulary interaction could suggest 
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that the lower explanation scores in the audiovisual condition indicate more mature 
behavior than higher scores(i.e., children with better vocabularies may be more 
aware of the increased common ground in the audiovisual condition and therefore 
decrease how much they explain). Next, we asked whether the condition effect var-
ied with modality to determine whether the more robust overall performance in the 
audio condition was primarily the result of children using more spoken communica-
tion when on the phone. The results appear in Table 4. 

Table 3: The proportion of participants who conveyed each item. 

Item Audiovisual Audio 
Opening salutation .22 .10 
Closing salutation .16 .04 
Rule 1: boards must look alike .42 .66 
Rule 2: use fewest moves possible .22 .20 
Rule 3: number of beads must not exceed height of peg  .26 .32 
Rule 4: move one bead at a time .14 .30 
Problem 1 .20 .54 
Problem 2 .22 .60 
Problem 3 .24 .50 
Problem 4 .20 .46 
Problem 5 .18 .38 
Specific word for bead .46 .66 
Specific word for peg .36 .66 
Specific word for spatial information .82 .96 
Specific word for sequential information .78 .84 

Table 4: Results of Linear Mixed Model Evaluating Predictors of Discourse Perfor-
mance 

Variable Estimate  SE df t Pr(>|t|) 
Intercept 0.582266    0.011192  43   52.023  <0.0001 
Condition    -0.177751    0.013132  48   -13.536               <0.0001 
Sex       -0.009997    0.023173  43   -0.431               0.6683 
Age          -0.001828    0.002686  43   -1.680               0.4999 
Vocabulary         0.005246    0.002130 43    2.463              0.0179 
Tower of London          -0.013447    0.035539  43   -0.378              0.7070 
Theory of Mind          0.010406 0.006326  43    1.645               0.1073 
Shyness       -0.002423    0.003554  43   -0.682               0.4990 
Condition x Vocabulary -0.002895    0.001902  48    -1.522   0.1346 
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Note: SE = standard error, df = degrees of freedom, Pr = probability 

Does the Condition Effect Vary with Vocabulary Knowledge? 

The significant effect of Vocabulary, b=0.005, t(43)=2.463, p=0.018 did not vary signif-
icantly between conditions, b=-0.003, t(48)=-1.522, p=0.135. In other words, the effect 
of condition, b=-0.178, t(48)=-13.536, p=0 (i.e., higher explanation scores in the audio 
than the audiovisual condition) was similar for children with smaller vocabularies 
and children with larger vocabularies. 

Does the Condition Effect Vary with Modality? 

We credited the child one point per the first 11 rubric items in the original analysis, 
whether produced in words, gestures, or both. Here, to discern any differential re-
sponses to condition according to the modality of the response, we instead awarded 
the child one point for each item conveyed with words (11 points maximum) and one 
point for each item conveyed with gesture(11 points maximum). Children responded 
primarily by demonstration gestures, scoring on average 5.66 points (SD=1.12) in the 
audio condition and 6.37 points (SD=1.13) in the audiovisual condition. Children only 
occasionally responded using deictic gestures, scoring on average 1.35 (SD=1.73) in 
the audio condition and 1.56 out (SD=2.05) in the audiovisual condition. In addition, 
children rarely (if ever) responded using representational gestures, scoring on aver-
age 0.34 (SD=1.02) in the audio condition and 0.14 (SD=0.4) in the audiovisual condi-
tion. Given the relative infrequency of deictic and representational gestures, we did 
not repeat our analyses separately for each type of gesture. These distributions, how-
ever, indicate that children’s gesture explanation scores primarily reflect their ability 
to demonstrate actions on the objects used to complete the task. 

Note that, when broken apart by modality, the children’s explanation scores were 
highly correlated, b=0.724, t(48)=2.887, p=0.006. For every one-point increase in chil-
dren's gestured explanation score, there is a 0.724 increase in their spoken explana-
tion score. 

We ran a linear mixed model that included the original model variables plus the mo-
dality and modality x condition variables. The results appear in Table 5. 

There was a significant effect of condition, b=-0.037, t(97.997)=-2.134, p=0.035. As be-
fore, the explanation scores were lower in the audiovisual (b=0.4205) than the audio 
(b=0.4575) condition. Also as before, vocabulary was a significant predictor, b=0.007, 
t(42.999)=2.747, p=0.009. There was a significant effect of modality. Children’s ges-
ture explanation scores were higher (b=0.5755) than their spoken explanation scores 
(b=0.3025). The effect of condition was qualified by a condition x modality interac-
tion, b=0.232, t(97.997)=6.614, p=0. This captures a reversal in the effect of condition. 
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Children's spoken explanation scores are lower in the audiovisual than the audio 
condition (b=-0.081), while their gestured explanation scores are higher in the audio-
visual than the audio condition (b=0.151). In both conditions, however, children’s 
gestured explanation scores are higher than their spoken explanation scores. This 
difference is larger in the audiovisual condition (b=0.389) than the audio condition 
(b=0.157) (Figure 3). 

Table 5: Results of Linear Mixed Model Evaluating Predictors of Discourse Perfor-
mance 

Variable Estimate SE df t Pr(>|t|) 
Intercept 0.439048 0.015628 43.152702 28.094 <0.0001 
Condition    -0.037414 0.017528 97.996544 -2.134 0.03530 
Sex       -0.002562 0.027175 42.998779 -0.094 0.92531 
Age        -0.003715 0.003150 42.998779 -1.179 0.24484 
Vocabulary        0.006863 0.002498 42.998779 2.747 0.00874 
Tower of London        -0.020329 0.041675 42.998779 -0.488 0.62816 
Theory of Mind        0.004530 0.007418 42.998779 0.611 0.54464 
Shyness       -0.003506 0.004168 42.998779 -0.841 0.40497 
Modality 0.272788 0.024900 48.998357 10.955 <0.0001 
Condition x Modality 0.231879 0.035057 97.996544 6.614 <0.0001 

Note: SE = standard error, df = degrees of freedom, Pr = probability 

Language Ability as a Predictor of Expository Discourse 

We already have some evidence that language ability influences expository discourse, 
given that vocabulary scores were a significant predictor. Next, we determined 
whether the effect was limited to vocabulary or extended to language ability more 
broadly defined. Because performance on the NIH PVT and the TNL-2 were signifi-
cantly correlated, r = .62, we removed vocabulary from the model and replaced it with 
the TNL-2 scores. The results appear in Table 6. 
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Figure 3: Explanation scores (proportion) as a function of Condition (Audio vs. Au-
diovisual) and modality (Spoken vs. Gestured). Diamonds represent the group aver-
age and error bars +/- 1 SE. Violins show the distribution of Explanation scores 
across children. 

Table 6: Results of Linear Mixed Model Evaluating Predictors of Discourse Perfor-
mance 
 

Variable Estimate  SE df t Pr(>|t|) 
Intercept 0.5819619   0.0095073  42   61.212  <0.00000002 
Condition    -0.1777509   0.0130155  48   -13.657           <0.00000002 
Sex       -0.0082890   0.0195446 42 -0.424                 0.6737 
Age          0.0002123   0.0019940 42 0.106               0.9157 
Language        0.0035786   0.0007266  42 4.925           0.0000136 
Tower of London          -0.0108946  0.0301276  42 -0.362                0.7195 
Theory of Mind          0.0043402   0.0055416  42 0.783                 0.4379 
Shyness       -0.0009602   0.0029443  42 -0.326                 0.7459 
Sex x Language -0.0011283 0.0013768  42 -0.819                0.4171 

 
Note: SE = standard error, df = degrees of freedom, Pr = probability 
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As expected by now, there was a significant effect of condition. Children’s explanation 
scores were significantly lower in the audiovisual (b=0.493) than in the audio 
(b=0.671) condition. There was a significant effect of language ability: Children with a 
higher score on the TNL-2 had significantly higher explanation scores. For instance, 
the average explanation score for a child with a below-average TNL-2 score (i.e., 89.78; 
-1 SD below mean) was 0.52. The average explanation score for a child with an above-
average TNL score (i.e., 119.7; +1 SD above mean) was 0.64. There were no other sig-
nificant effects.

Confirmatory Analyses 

In our planned analysis, we found a significant effect of condition (audio vs. audiovis-
ual). This analysis, however, controlled for individual differences in our predictor var-
iables (i.e., it was the effect of condition for a child with average performance on each 
measure). Moreover, the model did not include the full random effects structure (Barr 
et al., 2013). We could not include a random slope for condition because the model 
would overfit the data (the number of random effects would match the number of data 
points per participant - 2). Therefore, we repeated our analyses using the difference 
between children’s explanation scores in each condition and without the predictor 
variables. This linear model allowed a more direct test of Hypothesis 1 - testing 
whether explanation scores differ for children in general, and the use of a linear 
model provided a more transparent way to calculate p-values and effect sizes without 
the need for random effects. Consistent with the results of our planned analysis, chil-
dren’s total explanation score was significantly lower in the audiovisual condition 
than the audio condition, b=-0.178, t(49)=-13.358, p=<.001. The condition effect ac-
counted for 78.8% of the variance in children’s explanation scores. We fit a second 
linear model in which we regressed children's explanation scores (averaged across 
Conditions) on sex, vocabulary, ToL performance, TMCQ-Shyness, ToMI-2, and age. 
The significant effect of vocabulary was confirmed, b=0.007, t(43)=2.457, p=0.018. 
Children with larger vocabularies have significantly higher explanation scores. For 
instance, the average explanation score for a child with below-average vocabulary 
(i.e., 69.79; -1 SD below mean) was 0.75. The average explanation score for a child with 
above-average vocabulary (i.e., 83.73; +1 SD above mean) was 0.85. Controlling for the 
other predictor variables, the size of children's vocabulary accounted for 12.3% of the 
variance in children's explanation scores. No other predictors were significant, p’s > 
0.112. The details appear in the Supplemental Materials. 

Discussion 

Remote communicative contexts are part of everyday social, familial, and academic 
interactions for the modern child. However, much of what we know about the child's 
ability to meet the informational needs of a communicative partner is based on data 
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collected during face-to-face interactions. This study adds to the sparse extant litera-
ture on communicative success in remote contexts.  

Thanks to the rise in video-chat apps available in home and school settings, remote 
communication increasingly involves a shared visual context. Traditional phone com-
munication does not. Thus, in this study, we were interested in the completeness of 
children’s remote discourse, its variation with the presence or absence of visual con-
text, the extent to which children modified their use of gestural communication when 
moving between contexts, and the characteristics that predict children’s communica-
tive success. Below we organize our findings into two main categories: how remote 
communication varies with context and how it varies with child characteristics. 

Variation Associated with Context Demands 

Remote communication places a high demand on speakers. They must infer and then 
meet their listeners’ need for information without many of the cues available in face-
to-face communication. Given that the audiovisual condition reinstates some of these 
cues, we predicted that the children’s overall explanation scores would be higher in 
the audiovisual condition than in the audio condition. Specifically, we anticipated that 
the children would use gestures to supplement their spoken messages. Relative to the 
audio condition, the children did gesture more information in the audiovisual condi-
tion, but, at the same time, they provided less information in the spoken modality; 
thus, the overall rubric score was higher in the audio condition, contrary to predic-
tion. This finding is consistent with Cameron and Lee (1997), who reported that 3-to-
8-year-olds provided more detail and specificity while speaking on the phone than in
person. The children responded to their listeners’ needs by adjusting to the listener’s
need for spoken input.

The particular items that the children most often included in their discourse also il-
lustrate their sensitivity to listeners' needs. Consider, for example, the low rate of sal-
utations and the high rate of spatial and temporal content. The pragmatic framing of 
the discourse with salutations was uncommon, but such niceties are not necessary for 
explaining the task (and perhaps awkward given that the partner was not present). In 
contrast, when and where to move the beads were details that nearly every child in-
cluded, and this information was essential for solving the task.  

Thus, just as they do when face-to-face (e.g., Akhtar et al., 1996; Mori, & Cigala, 2016; 
Nadig & Sedivy, 2002; Nilsen, & Fecica, 2011; Shatz & Gelman, 1973), children demon-
strate adaptations in content and modality according to their listener’s needs when 
communicating remotely. When the remote context lacked shared visual reference, 
they enhanced the clarity and completeness of their spoken messages. When their 
partner was able to see them, they offloaded some of their verbal explanation into 
gestures. In her nuanced description of discourse in a year-five classroom, Taylor 
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(2014, p. 416) wrote:  

“It is important to emphasize that modes other than language are not simply addi-
tional contextual information but part of an enmeshed nexus of many modes used in 
conjunction with one another for the purpose of making meaning. All modes are po-
tentially available for making meaning, within the constraints of our social world. The 
mode selected by the communicator is the one judged by them to be the most apt and 
expedient at that moment in time.” 

Gesture was, of course, an apt and expedient means of communication in the audio-
visual condition. The types of gestures the children used were well suited to the part-
ners’ needs. All of the participants used demonstration gestures. These were hand 
gestures that resulted from manipulating the materials, in other words, moving the 
beads. As the primary goal was to teach the partner how to move the beads, demon-
stration gestures were an effective means of explanation.  

Of course, the demonstration gestures were apt and expedient for the partner in the 
audiovisual condition only. Nonetheless, the children gestured more items than they 
presented in words even in the audio condition. We do not take this as a counter to 
the conclusion that they were sensitive to the partners' needs. Instead, gestures can 
be apt and expedient for the speaker as well as the listener (Goldin-Meadow, 2003). 
Speakers use gestures with exceptionally high frequency when communicating spa-
tial information (Alibali, 2005). When explaining a visual-spatial task, working out the 
problem by moving the hands through space is an excellent strategy for thinking 
through the steps one must convey. The children likely gestured in the audio condi-
tion (and to some extent in the audiovisual condition) because the gestures helped 
them explain the task. Had the children been given repeated practice with the ToL, 
we would predict less reliance upon gestures that involved demonstrations on objects 
and more free-handed gestures. As it were, their high use of demonstration gestures 
was consistent with their status as novice ToL solvers (Roth, 2002). We turn now to 
other characteristics that were related to the success of their remote discourse. 

Variation Associated with Language Ability 

Motivated by previous work on the influence of language, theory of mind, and tem-
perament on communicative success, we tested the predictive utility of language 
scores, theory of mind ratings, and temperament—specifically shyness—ratings in 
our models of remote discourse success. However, we first measured the inter-de-
pendence of these predictors. Given the equivocal reports of relationships between 
shyness and theory of mind, some reporting a negative relationship (Banerjee & Hen-
derson, 2001; DeRosnay et al., 2014; Walker, 2005) and others a positive relationship 
(Mink et al., 2014; Wellman et al., 2011), it is noteworthy that we found neither in the 
current sample. 
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That said, we did find a relationship between shyness and language; specifically, the 
shyer children in our sample tended to have lower vocabulary and receptive/expres-
sive language scores than more outgoing children. Spere et al. (2004) compared the 
receptive vocabulary scores of four-year-olds grouped as shy or not shy and found the 
shyer children to have significantly lower scores. Here we extend these findings to an 
older cohort. Some have speculated that their reticence to speak masks the language 
competency of shy children (see summary in Coplan & Evans, 2009). Although this 
could be the case, we found a negative relationship between shyness and perfor-
mance on a receptive vocabulary test (which does not require spoken responses), a 
finding at odds with the masked language competency hypothesis. Another possibility 
is that the lower test scores on both the TNL-2 and the NIH-PVT reflect more test anx-
iety on the part of the shyer children, but we think this is unlikely given that previous 
work has established the validity of standardized tests administered to shy children. 
Specifically, shy children did not perform better on language tests administered in the 
home by a familiar adult than on those same tests administered at school by an unfa-
miliar adult (Spere et al., 2009).As has been previously proposed (Spere et al., 2004), 
we think it likely that children who are shy limit their opportunities for language 
learning by refraining from social-communicative interactions. Shyness (or tempera-
ment more broadly measured) may be a source of individual differences in children’s 
language outcomes. 

Language, as measured by the TNL-2 and, to a lesser extent, by the NIH-PVT, was also 
correlated with theory of mind. Milligan et al. (2007) also reported a positive relation-
ship between language and theory of mind with an overall effect size of .43 among 
children below seven. Here we extend that finding to children who are seven to nine 
and report a similar effect size of .37 (on the TNL-2). The relation between language 
and theory of mind is likely bidirectional. Children who participate frequently and 
competently in communicative exchange access multiple opportunities for learning 
about others' mental states, and conversely, children who are skilled at mind-reading 
may learn mental state vocabulary and hone their social language skills upon realiz-
ing that their listener is confused, skeptical, interested or bored (De Rosnay et al., 
2014). Language ability in the form of complex sentence construction may also aid 
thought about others’ mental states, especially at the relatively older ages tested here, 
years during which children may be progressing from first order (I suspect he is hun-
gry) to second-order observations (He knows that I suspect he is hungry) (de Villiers, 
2007). 

Our analyses allowed us to examine the potential effects of language, theory of mind, 
and shy temperament on discourse, each after controlling for the others. We also ex-
amined the effects of sex, ability to solve the ToL, and age. Whether measured as re-
ceptive vocabulary or a receptive and expressive narrative ability, language was the 
only predictor. Children with stronger language abilities produced more complete ex-
planations of the ToL during the discourse task, as evident by their rubric scores. 
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There were no significant interactions between language and condition or between 
language and modality. In other words, regardless of their vocabulary knowledge, 
children tended to offload more information onto gestures when the visual context 
allowed. The high positive correlation between gesture scores and spoken language 
scores further supports the conclusion that children's gesture use was a sign of the 
integrity of their overall communicative competence rather than a way of compensat-
ing for communicative weaknesses. These findings are consistent with age-related 
differences in communicative competence. Older children not only use more com-
plex spoken language but also more complex gestures than younger children (Ala-
millo et al., 2013). Like teachers who package relevant information into their gestures 
during classroom lectures (Alibali et al., 2013; Ovendale et al., 2018), children who 
frequently gesture when sharing a visual context with their interlocutor likely max-
imize the effectiveness of their message.  

We do not dismiss the potential influence of theory of mind or shy temperament in 
other discourse contexts. Recall that, in the discourse task used here, we told the chil-
dren that their communication partner did not know how to solve the ToL; thus, we 
likely reduced the need for mind reading. Moreover, the children did not interact with 
their partner but, instead, were recorded for later listening or viewing. This situation 
may have lessened the burden that shyer children may have felt had they been part 
of an actual exchange. The decision to simulate phone and video chat rather than en-
gage the children in these actual contexts was purposeful. We wanted to control the 
amount of feedback a listener would provide, but we could not imagine how to do so 
in a pragmatically appropriate way. By recording the children's discourse, we got 
around this problem. That said, this strength is also a limitation of the work. The child 
was at a remove from an actual communicative exchange. Moreover, the child did not 
receive the scaffolding that the verbal and gestural responses of a listener would have 
provided, which surely made the discourse task more difficult than usual, perhaps 
especially so for those with weaker language abilities. Observations of naturalistic re-
mote discourse would be a valuable complement to the work reported here. Also, a 
comparison between the two types of remote discourse studied here and actual face-
to-face discourse would be helpful if we are to understand fully the challenges in-
volved in remote communication. 

Finally, we turn to the implications of the language as a predictor of remote discourse 
skills. This remote discourse task was difficult. None of the children provided 100% 
of the information we deemed essential. That said, some of the children had particu-
larly poor performance. On average, those whose receptive/expressive language 
scores fell one standard deviation below the mean provided only 30% of the essential 
information. Real-world remote communication is likely to be challenging for these 
children unless their partner provides ample scaffolding in the form of feedback and 
questions. Given the ubiquity of remote communication in children's lives, it is essen-
tial to document how the estimated 9% of children with language disorders (Norbury 
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et al., 2016) fare in remote contexts and determine the supports needed to ensure ad-
equate remote discourse function. 

Conclusions 

Among the limitations of this study were our inability to complete it as registered and 
the lack of ecological validity inherent in a partnerless simulation. That said, we pro-
vided evidence of positive relationships between language and theory of mind and 
negative relationships between language and shyness, extending the extant literature 
to older children. We also confirmed that, as a group, seven-to-nine-year-olds adjust 
their discourse to the needs of their remote communication partners. They include 
essential semantic information, and when they know that their partner does not share 
their visual context, they still gesture frequently, but they increase their reliance upon 
the spoken modality. Perhaps the primary contribution of this work is the finding that 
remote discourse is challenging, even for children as old as nine,  and especially so 
for children who have below-average receptive and expressive language abilities. This 
finding has important practical implications given that children’s communication 
partners—their friends, families, teachers, and health care providers—are frequently 
remote. Children with low language abilities may experience functional limitations 
during remote communication, a context that is increasingly necessary in today’s 
world.  
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Appendix 

Discourse Instructions for Participants 

“Now that you know how to play this game, I’m going to ask you to teach two of my 
friends.”  

Audio 

“This is X (photo of woman A or B on phone). She couldn’t be here today but she told 
me that we could record the directions. Then she will borrow the game later and try 
it out. She doesn’t have a computer screen so she won’t be able to see you but she 
DOES have her cell phone, so she can listen to your recording. I’ll start the recording 
(make a big fuss about the microphone). You explain to her how to play the game, and 
she will listen to what you say. Be very careful to tell her what the game looks like, 
what the rules are, and exactly how to play.”  

Now that they know about the game, you can help them solve five of the problems. 
I’ll get the game set up for you each time. “You are the teacher. Tell X how to make 
this one (pt to child’s board) look like this one (pt to target board further away).”  

Repeat for items p, p, 1, 2, 3. 

“That was great! Okay, I’m going to ask you to do that one more time for a different 
friend.”  

Audiovisual 

“This is X (photo of woman A or B facing screen). She couldn’t be here today but she 
told me that we could video the directions. Then she will borrow the game later and 
try it out. She has a computer so she WILL be able to hear you AND see you. I’ll start 
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the recording (make a big fuss about the video camera). You explain to her how to play 
the game. She will watch and listen to what you say. Be very careful to tell her what 
the rules are, and exactly how to play.”  

Now that they know about the game, you can help them solve five of the problems. 
I’ll get the game set up for you each time. “You are the teacher. Tell X how to make 
this one (pt to child’s board) look like this one (pt to target board further away).”  

Repeat for items p, p, 1, 2, 3.  

Debriefing  

You did so well being the teacher. Sometimes it is harder to be the teacher when the 
person you are talking to can’t see you. My friends are going to study your record-
ings to see how children talk to people who can’t see them, like when you talk on a 
phone. They won’t really be watching to learn the game, that part was just pretend.  

Discourse Scoring 

One point was awarded for each item that the child completed successfully. Except 
for the final four items, the child was credited for successful completion via words 
OR gestures. For the five trials (items P1, P2, 1, 2, 3 on the ToL), we assumed that the 
listener had the visual context of the two boards, one in start position and one in tar-
get position. Total scores could range from 0 – 15.  

Greets the listener (2 points): 

• Hello 
• Goodbye 

Verbal credit was given if the child offered the listener a stated “hello” or  “good-
bye.”  Iconic gestures were credited if the child waved to greet or bid farewell to the 
listener. 

Rules (4 points): 

• Explains that the two boards must be alike  
• Explains that you must use as few moves as possible  
• Explains that no peg can have more beads than it can hold  
• Explains that you can move only one bead at a time  

Children earned one point per rule if they provided an adequate explanation with 
words and/or gestures.  
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Examples for both boards must look alike: 

o “You have to copy the teacher’s board.”
o “Try to do the same pattern.”
o The child set-up the teacher’s board with an example pattern,  and then

showed the listener how to manipulate the beads in order to make the
other board match.

Examples for complete the pattern in as few moves as possible: 

o “Solve in the least amount of moves”
o “Use less moves as possible”
o “Whoever has less of the movings wins.”
o The child used a hand gesture to illustrate moving the beads, while using

the word ‘moves,’ and holding up two fingers to show that the example
problem required only two moves.

Examples for no peg can contain more beads than it can hold: 

o “The small one can hold one bead, the middle one can hold two, and the
tall one can hold three,”

o “The large peg can hold three, the middle peg can hold two and the small
one can hold one.” The child manipulated the beads on the board to show
the listener the maximum bead amounts for each peg.

o The child pointed to a peg as they stated how many beads could be placed
on it.

Examples for move only one bead at a time. 

o “You can only move one bead at a time.”
o “You can only take one off the peg at a time.”
o Children often explained this rule via demonstration gestures by showing

the various ways in which this rule can be  broken, in the same way it was
presented to them prior to completing the standardized portion of the test
(i.e.,  lifting two beads off the pegs with one hand/lifting two beads off the
pegs with two hands/lifting one bead off the peg and placing it on the ta-
ble, and then proceeding to take another bead off a peg).

Example Problems (5 points): 

• Gives enough information for listener to correctly solve trial P1, minimum
number of moves is not required

• Gives enough information for listener to correctly solve trial P2, minimum
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number of moves is not required  
• Gives enough information for listener to correctly solve trial 1, minimum 

number of moves is not required  
• Gives enough information for listener to correctly solve trial 2, minimum 

number of moves is not required  
• Gives enough information for listener to correctly solve trial 3, minimum 

number of moves is not required  

To earn verbal points in the absence of gesture, the child was required to provide the 
listener with sufficient information to solve the problem accurately using only spo-
ken language. Credited instructions included referents and/or descriptive words for 
each move within the problem. Acceptable descriptors for identifying the target peg 
included distinctions in size (e.g., short/tall/little/long/middle) and body-oriented di-
rectional terms (e.g., left/middle/right.)  Credit was also given if the child identified 
where a bead should be placed by stating the color of the bead already atop the tar-
get peg (e.g., Put the green one on the red one), or by stating the color of the bead 
that was in the target position prior to the previous move (e.g., “Put the red one 
where the blue one used to be”). In the absence of gesture, environmental-oriented 
directional terms (e.g., front/back, first/last) were not considered specific enough to 
describe target pegs (e.g., “Put the blue bead on the front peg and move the red bead 
to the back one” was too vague to receive credit because it is not clear which is front 
and which is back).  

To earn credit via demonstration gestures, the child needed to move the beads from 
the starting position to the target position without breaking any rules. Credit was 
given for the successful completion of the problem, despite move count.  

Children received credit if they combined verbal description and gesture to clearly 
convey content: 

o “The red one goes on this peg” (pointing to peg) 
o “See this blue bead [participant moves bead closer to the listener], it goes 

on this peg”.  
o “I move the red one to the small peg, and that’s one move [holds up one 

finger]”, and “I’m going to switch these around [moves hand from left to 
right to indicate switching].” 

 

Specific content words (4 points): 

• Refers to the beads with a relevant word (e.g., bead, ball) at least once  
• Refers to pegs with a relevant word (e.g., peg, stick, stand) at least once  
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• Uses a relevant directional term (e.g., here/there, right/left) at least once
• Uses a relevant sequential term (e.g., first, next, then) at least once

The words ‘bead’ and ‘peg’ were credited with one point each if used correctly to 
identify the corresponding item, at least once, during the discourse task. Acceptable 
synonyms were also given credit, and included words such as, ball and block for the 
target vocabulary word bead, and the words ‘stick and stand ’ for the target word peg. 
Spatial/Location terms (e.g., here/there, middle, tall) and sequential words (e.g., 
first, next, then) were credited, with one point each, if the participant used one or 
more of these during the problem-solving portion of the task. 
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