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Abstract 

Learning the meaning of a word is a difficult task due to the variety of possible 

referents present in the environment. Visual cues such as gestures frequently 

accompany speech, and have the potential to reduce referential uncertainty and 

promote learning, but the dynamics of pointing cues and speech integration are not yet 

known. If word learning is influenced by when, as well as whether, a learner is 

directed correctly to a target, then this would suggest temporal integration of visual 

and speech information can affect the strength of association of word-referent 

mappings. Across two pre-registered studies, we tested the conditions under which 

pointing cues promote learning. In a cross-situational word learning paradigm, we 

showed that the benefit of a pointing cue was greatest when the cue preceded the 

speech label, rather than following the label (Study 1). In an eye-tracking study 

(Study 2) the early cue advantage was due to participants’ attention being directed to 

the referent during label utterance, and this advantage was apparent even at initial 

exposures of word-referent pairs. Pointing cues promote time-coupled integration of 

visual and auditory information that aids encoding of word-referent pairs, 

demonstrating the cognitive benefits of pointing cues occurring prior to speech.  
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Introduction 

The environment surrounding the language learner is busy and multifaceted, with 

many sources of information that convey meaning (Holler & Levinson, 2019), such as 

auditory cues (e.g., sound-based information in speech) and visual cues (e.g., facial 

expressions and body movements). How does the language learner navigate this 

complexity of information to aid their learning? In this study, we investigate how the 

temporal production of two such information sources – words and gestures – are 

combined by the adult language learner to disambiguate and retain novel word-

referent relationships. 

Learning new vocabulary involves determining how unfamiliar words relate to 

aspects of the environment (referent selection) and then encoding these pairings for 

later retrieval (retention).  

Even when restricted to learning only associations between nouns and objects, 

there are multiple possible mappings between words and the correct object (‘referent’) 

available to the learner (Yu & Ballard, 2007). Consequently, constraints that have 

been proposed to address how to correctly pair words and referents have tended to 

focus on biases internal to the learner that guide their referent selection, such as 

mutual exclusivity (Halberda, 2006; Markman & Wachtel, 1988) or assuming a novel 

label refers to a novel object (Carey & Bartlett, 1978; Golinkoff et al., 1992). 

However, these strategies cannot be applied by learners in situations where all 

potential referents are novel.  

An alternative approach is to consider how information from the wider 

environment can contribute to general learning processes, such as cross-situational 

statistics (Siskind, 1996). Cross-situational statistics refers to the aggregation of 

information and commonalities across several, rather than single, learning instances 
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(Yu & Smith, 2007). Thus, a learner can acquire novel label-object pairs by tracking 

the co-occurrence of words and objects across multiple exposures (e.g. Fitneva & 

Christiansen, 2011; Monaghan & Mattock, 2012; Roembke & McMurray, 2016; K. 

Smith et al., 2011; Yu & Smith, 2007; Yurovsky et al., 2013).  

However, cross-situational statistics represent only one source of 

environmental information that a learner can utilise when faced with multiple 

unknown referents. Other environmental cues, such as gaze direction, prosody, and 

gesture cues (e.g. Hollich et al., 2000) might be combined with cross-situational word 

learning to facilitate mapping of word-referent pairs (Dunn et al., 2024; Hartley et al., 

2020; Monaghan et al., 2017; Yu & Ballard, 2007). For instance, pointing cues (e.g. 

deictic gestures or gaze direction) may modulate the degree of referential ambiguity 

by directing learners toward the intended referent, reducing the formation of spurious 

word-object associations (MacDonald et al., 2017). In a cross-situational word 

learning study, Dunn et al. (2024) found that including reliable gaze direction as a cue 

to target referents for novel words increased looks to targets over foil objects 

compared to when gaze was less reliably coordinated with cross-situational statistics. 

In adult cross-situational word learning, the presence of a visual gesture cue 

(implemented as an arrow pointing to the intended referent) resulted in higher 

accuracy (Monaghan et al., 2017), showing that learners are able to combine 

information from speech and gesture to constrain their formation of novel word-

referent associations. In more naturalistic learning situations, deictic pointing cues in 

parent-infant communication have been shown to support a high degree of accuracy in 

identifying a word’s intended referent when adults watch recordings of the 

interactions (Cartmill et al., 2013; Frank et al., 2013). Taken together, these studies 
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show that auditory and gesture information can be combined to reduce referential 

uncertainty and support word learning.  

Co-occurrence of gesture and speech during communication is prevalent in 

communication, both in terms of deictic gestures indicating place and iconic gestures 

indicating form of referents (Goldin-Meadow, 2003; Kita, 2009; McNeill, 2000). 

Furthermore, gestures tend to precede referential speech in production (Beun & 

Cremers, 1998; Levelt et al., 1985; McNeill, 1985), with gesture onset seeming to be 

exquisitely linked in timing to the production of the referring word rather than 

constrained by the production requirements of the utterance (Chu & Hagoort, 2014). 

In a multimodal corpus study of a large number of utterances coded for co-occurring 

gestures, Donnellan et al. (2022) found that deictic gesture onset to a referent tended 

to occur approximately 370ms prior to the onset of a referential word.  

Despite the numerous studies of temporal arrangement of gesture and speech 

production, the utility of this gesture-speech sequencing has not been studied in detail. 

In the Human Simulation Paradigm (HSP; Gillette et al., 1999), adult participants 

guess ‘missing’ words from parent-child interaction videos, where the target word is 

obscured by an auditory ‘beep’ (e.g. ‘where’s the [obscured target word]?’). Scoring 

participants’ accuracy of guess provides a measure of how informative any 

surrounding cues are when identifying the target word. Trueswell et al. (2016) found 

that timing of gestures made by parents within parent-child interaction videos 

predicted the accuracy of other adult participants’ guesses regarding the intended 

referent. Shifting the obscuring ‘beep’ 2 – 4 seconds away from actual word 

occurrence significantly reduced guessers’ accuracy in identifying the target referent.  

Nirme et al. (2019) investigated how timing of deictic gesture and speech affected 

judgments of naturalness for communicative acts. They found that gestures occurring 
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500ms before or after labelling an object resulted in no effect, except when the 

gesture coincided with a pause in speech which reduced naturalness ratings. Habets et 

al. (2011) manipulated timing of iconic gestures and referential naming and found that 

gesture preceding word onset by 360ms resulted in effective semantic integration of 

gesture and speech information, as measured by EEG N400 signals, whereas gesture 

preceding words by 180ms or simultaneous occurrence resulted in less efficient 

integration (Habets et al., 2011). Furthermore, Cavicchio and Busà (2023) found that 

moving an iconic gesture from co-occurring with a verb reference in English to the 

beginning of the sentence containing the verb resulted in slower identification of the 

action by English additional language learners, though there was no significant 

difference for first language English speakers. These results indicate that not only the 

presence, but also the timing of gestural cues relative to speech may be critical for 

supporting word-referent mapping (Trueswell et al., 2016), though research has yet to 

directly demonstrate this effect in word learning.  

Gesture occurring before speech, to orient attention to the intended referent, is 

consistent with studies of cued attention (e.g. Hauer & Macleod, 2016). Such 

attentional cue studies distinguish endogenous cues (e.g., arrows or eye-gaze), where 

attention is directed voluntarily to a target, from exogenous cues (e.g., flashing lights), 

where attention is directed automatically due to sudden salient stimuli (Jonides, 1980; 

Posner, 1981). Naturalistic social cues during word learning, such as pointing cues, 

likely act as endogenous cues similar to those that are examined during attention 

shifting experiments (Brignani et al., 2009). There appears to be temporal sensitivity 

to the role of these cues in adults; whereas exogenous cues quickly shift focused 

attention between a cue and a target at 50ms, shifts of focused attention due to 
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endogenous cues may take up to 500ms (Berger et al., 2005; Shepherd & Müller, 

1989).  

Therefore, the timing of a cue in relation to label utterance could be crucial to 

successful word-referent mapping and how attention is directed. Focusing attention on 

a referent shortly after it is labelled may be significantly less optimal for learning than 

focusing attention during label utterance following early cues prior to the naming 

event. Such an effect would suggest that the occurrence of gesture before naming in 

naturalistic communication (e.g., Donnellan et al., 2022) may be optimal for language 

learning due to the (endogenous) attentional shift that it precipitates. However, these 

predictions from observational studies about the importance of gesture timing to word 

learning have not yet been tested in controlled studies. Observational studies are 

unable to systematically control the distribution of cues, their timing, or other 

potential sources of information that may interact with gesture and speech.  

In particular, we do not yet know whether a pointing cue to an intended 

referent occurring immediately before (versus after) speech may be critical for 

learning, nor whether the time-window of sensitivity might be less than the 2s 

observed in Trueswell et al. (2016) and is perhaps closer to the 360ms asynchrony 

investigated by Habets et al. (2011) in their study of iconic gestures. Furthermore, 

although multiple sources of information may aid accurate referent selection, 

disambiguation of meaning does not necessarily reflect long-term learning. Accurate 

referent selection under referential ambiguity may reflect ‘fast’ in-moment problem-

solving by the learner, whereas retention of novel words may occur as a ‘slow’ and 

gradual process, during which multiple exposures strengthen or weaken word-referent 

pairs over time (McMurray et al., 2012).   
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In these respects, investigating the timing of pointing cues is critical for 

refining models of word learning. If word learning is influenced by when, in addition 

to whether, the learner is directed to the intended referent, then this would suggest that 

strength of associations when acquiring word-referent mappings are influenced by the 

quality (and not only the quantity) of integration of visual and speech information 

(Bhat et al., 2022). Such findings would signify the need to refine standard associative 

learning models where temporal contiguity has not been considered (McMurray et al, 

2012; Yu & Smith, 2012), and would provide evidence that the temporal relation 

found between gesture and speech production also has an effect on language learning. 

An alternative perspective is that the relative timing is more of an accident of 

production constraints (e.g., Chu & Hagoort, 2014) and has no impact on word 

learning. 

The current study 

In this paper, across two studies we examine how adult learners identify word-

referent pairings by using environmental cues to reduce referential ambiguity, and 

how this might affect their subsequent retention of novel words. Our research 

addresses three novel questions: (1) What are the effects on learning accuracy of 

pointing cues that occur before, versus after, a referent is labelled? (2) Do any 

facilitative effects of pointing cues on referent selection accuracy also apply to longer-

term retention of words? (3) What temporal dynamics of looking behaviour reflect 

learning from pointing cues presented before, versus after, labelling the referent? 

Studies 1 and 2 investigated the temporal process of how pointing cues are 

integrated with auditory and visual information to support accurate cross-situational 

word learning. We manipulated the timing of a pointing cue (Study 1) and employed 

an eye-tracker to uncover how the dynamics of visual attention are affected by 
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pointing cue timing (Study 2). In each study, we tested how our manipulations 

affected both immediate recall and retention (after a delay) of novel word-referent 

mappings. Given that Nirme et al. (2019) found some evidence that gesture-speech 

timing affected judgments of naturalness of the communicative situation, we also 

measured the extent to which participants were aware of the variation in timing 

between gesture and speech.  We used a static photograph of a finger and hand as a 

pointing cue. This stimulus was chosen to limit additional visual information, such as 

oromotor movements associated with speech or eye gaze. Previous studies of pointing 

gestures and speech in human-machine interaction have sometimes used a virtual 

avatar (e.g. Kranstedt et al., 2006; Nirme et al., 2019) or recorded human gestures 

(e.g., Cavicchio & Busà, 2023; Habets et al., 2011). However, naturalistic gestures 

extend over a few hundred milliseconds (Donnellan et al., 2022) and determining 

when a deictic gesture begins to provide referential information is imprecise. In this 

study, we aimed to investigate the close temporal relation of speech and pointing 

relative to word learning with control over the precise timing of the gesture cue. 

Furthermore, previous research has identified that operationalisation of gesture as a 

pointing hand is effective as a cue to learning in cross-situational word learning 

(Monaghan et al., 2017). We reflect on potentially using more naturalistic gestures in 

future investigations in the General Discussion. All pre-registrations, data, 

experimental stimuli and tasks, and code for all analyses in this paper are available on 

the Open Science Framework (OSF): 

https://osf.io/2m9pe/?view_only=9d64688d03d84704aa5f2e8f8eb34dc9.1 

 

 

 

1 Please note that two additional experiments were pre-registered with those reported in this 
manuscript; the results of which are reported on OSF for full transparency. 

https://osf.io/2m9pe/?view_only=9d64688d03d84704aa5f2e8f8eb34dc9
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Study 1: When are pointing cues in word learning most useful? 

Study 1 investigated whether cue timing effects apply to adults’ use of pointing 

cues in cross-situational word learning.  As endogenous cues appear to induce slower 

attention shifts than exogenous cues (Shepherd & Müller, 1989), pointing cues that 

occur sometime before, rather than after, a label may be critical to encoding robust 

label-target associations and minimizing spurious label-foil associations. We 

manipulated the timing of pointing cues relative to label utterance across two 

conditions: pointing appeared before or after the verbal label. In the HSP, Trueswell 

et al. (2016) found that shifting an obscured word 2 seconds earlier than the word’s 

original position was sufficient to reduce the accuracy score of those guessing the 

missing word from ~ 60% to ~ 43%. Furthermore, if the obscuring ‘beep’ was moved 

too early, guessers did not relate the visual event to the missing word, as they were 

perceived as too temporally discontinuous. However, shifting attention between 

potential referents during word learning can happen very quickly (e.g. within 225ms, 

Halberda, 2006), and Habets et al. (2011) already found a semantic integration change 

from 360ms to 180ms asynchronies for iconic gestures and word naming. We 

therefore assessed whether sensitivity to cue timing can be observed in a smaller 

temporal window than tested by Trueswell et al. (2016) in the HSP by presenting 

pointing cues just 1 second before and after a novel label, at a point in between the 

parameters of Trueswell et al.'s (2016), Nirme et al.’s (2019), and Habets et al.’s 

(2011) studies.  

We hypothesized that participants would respond more accurately on both 

immediate and retention trials when tested on words trained in the early pointing 

condition compared to the late condition. Early pointing cues may support cross-

situational word learning by highlighting the target prior to (or at) label utterance, 
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reducing spurious associations between the label and non-target foils. Late pointing 

cues may be less useful for word-referent mappings as any attentional shift that occurs 

due to the pointing cue will be after the crucial information (the label) has been 

uttered, reducing the chance to reconcile the auditory label and the visual referent 

together and robustly encode the association.  

Method 

Participants 

Participants were twenty monolingual English-speaking adults without any 

sensory deficits (age M = 20.9 years, SD = 5.16, range = 18.0 – 39.0; 5 male, 15 

female), as specified in the pre-registration. They were recruited via leaflets and the 

*** University research participation system, which allows all members of the 

University community to partake in research. Informed, written consent was obtained 

from all individuals prior to participation. Participants were either paid £3.50 or 

received course credit for taking part. The number of participants was specified in the 

pre-registration and based on previous studies that test cross-situational word learning 

using a similar paradigm (e.g. Monaghan et al., 2015; Monaghan & Mattock, 2012). 

Materials  

All stimuli used can be found on OSF. Thirty-two novel objects and 32 novel 

two-syllable words were taken from the NOUN database (Horst & Hout, 2016). 

Sound files for each word were made using the Serena system voice (Macintosh 

computer, OS 10.13). Each object and word were paired randomly for each 

participant to produce 32 word-object mappings. Pictures and audio were presented 

on a Macintosh computer (OS 10.13, 21.5-inch monitor, 1920 x 1080 resolution) 

using PsychoPy3 (Pierce & MacAskill, 2018). Participants used closed cup 

headphones. 
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Procedure 

Testing took place in a quiet room. Both studies included two training and test 

conditions and were run using a similar procedure. Participants first completed a 

warm-up with two familiar objects and words presented as they would be during 

training. The order of conditions was counter-balanced across all participants. During 

the first condition, participants were administered the first training block with one set 

of 16 word-referent pairs, followed by an immediate testing block, then a five-minute 

distractor task (coloring in a geometric picture), before completing a retention testing 

block. They then repeated this process with another set of 16 word-referent pairs for 

the second condition.  

Each correct word-referent pairing appeared four times per training condition, 

with 16 word-referent pairings to be learnt per condition. Screen position of the 

objects was pseudo-randomized so that the target appeared an equal number of times 

on the left and on the right. The order of trials within training blocks was pseudo-

randomized with the constraint that referents appeared no more than twice in a row. 

Target objects also acted as foils for their non-associated words and were pseudo-

randomized with the constraint of appearing an equal number of times across all trials. 

To ensure participants could disambiguate words and referents based on cross-

situational information, co-occurrences of the same targets and foils were minimized 

across trials. 

Training blocks 

Participants completed two cue conditions, an ‘early’ and a ‘late’ pointing cue 

condition, in counterbalanced order. These cues were blocked, which enabled us to 

probe participants’ awareness of cue timing differences at debrief, without the need 

for leading questions about the asynchrony. At all times, participants saw two novel 
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objects on screen with a pointing cue - a picture of a hand pointing to the target 

appeared simultaneously with the referent. The target word in both conditions was 

played 500 milliseconds after referent presentation. In the early condition, participants 

saw the pointing cue 1 second before word utterance (Figure 1a). In the late condition, 

the pointing cue appeared 1 second after word utterance. In both conditions, the two 

referents appeared for the duration of the trial (3 seconds), label utterance occurred at 

the same time at the 2 second mark after the referents had first appeared, and the cue 

lasted for 1 second (Figure 1b). The timing of the pointing cue with the novel label 

was adjusted to ensure an equal amount of time before and after label utterance in 

both conditions.  

Figure 1.  

Studies 1 and 2: Training trials, a) early pointing cue, b) late pointing cue condition.  

a)        

 

b)  
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Testing blocks 

In order to test learning accuracy for the word-referent pairs, participants were 

administered two testing blocks: immediate, which occurred immediately after 

training, and retention, which occurred after a five-minute distractor task (coloring in 

a complex picture). Each word was tested on one immediate trial and on one retention 

trial. During test trials, all 16 referent objects were presented simultaneously on-

screen, and the learner was asked to click on the correct referent for each target word, 

requested in a random order (‘which is the [target word]?’; chance level = 0.0625; 

Figure 2). The on-screen positions of the referents differed for immediate and 

retention trials. Participants were asked at debrief after the study had finished if they 

had noticed any difference between the two training blocks and their response was 

recorded.  

 

Figure 2.  Studies 1 and 2 testing trial example: participants see all 16 referents for 

given condition and are asked to click on the corresponding object for novel words. 
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Statistical analysis 

 As pre-registered, accuracy of correct word-referent pairs was scored as 1 

(correct) or 0 (incorrect) and entered into general linear mixed effects models 

(GLMEs), using glmer from the lme4 package (v.1.1-20, Bates et al., 2015) in R 

Studio [v1.1.463; R v.3.6.3]. Separate analyses were conducted for immediate testing 

blocks, retention testing blocks, and all testing blocks combined (i.e., immediate and 

retention testing blocks). This enabled direct comparison between trial types, 

reflecting the discrete processes that may underlie immediate referent selection and 

retention of novel words after a delay. All model fitting sequences began with a 

baseline model that contained only random effects. Subsequent models were then 

built progressively by adding individual fixed effects and comparing each model to 

the previously best-fitting model using log-likelihood comparisons (Barr et al., 2013), 

selecting the more complex model if it was a significantly better fit. A frequentist 

approach was utilised, where comparisons p < .05 were classed as statistically 

significant. 

For all models, we used sum-to-zero coding. For models predicting immediate 

testing accuracy, a fixed effect of pointing cue condition (‘1’ = early, ‘-1’ = late) was 

included. For models predicting retention accuracy, a fixed effect of pointing cue 

condition (‘1’ = early, ‘-1’ = late) was tested, followed by a fixed effect of accuracy 

for each word on immediate testing trials (‘1’ = correct, ‘-1’ = incorrect), and then for 

presence of interactions between condition and immediate accuracy. For models 

predicting overall accuracy across trial types, we first tested the fixed effects of 

pointing cue condition(‘1’ = early, ‘-1’ = late), then the effect of trial type (‘1’ = 

immediate, ‘-1’ = retention), and then for the presence of interactions between 

condition and trial type.  For all models, random effects of participant, target word, 
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and target object, and test order (early or late condition first) were included, and 

random slopes of condition were fitted for each random intercept unless this 

prevented the model from converging.  

Results and discussion 

The final best-fitting models, and results for all three analyses, are presented in 

Table 1 and Figure 3. Participants performed statistically above-chance in both 

conditions on immediate and retention trials.  

The final random effects structure included by-participant and by-target word 

random intercepts with slopes for condition, and random intercepts of target object 

and test order, across all models. Slopes of condition for target object and test order 

did not converge despite using allFit() procedures; these had the lowest variance so 

were removed (Barr et al., 2013). The best-fitting model for immediate testing trials 

demonstrated a fixed effect of pointing cue condition (χ2(1) = 4.35, p = .037). 

Participants were significantly more likely to respond accurately in the early pointing 

condition compared to the late pointing condition (p = .028). The best fitting model 

for retention trials included fixed effects of immediate accuracy and condition (χ2(1) = 

146.1, p < .001), although there was no significant effect of condition once immediate 

accuracy was also included (p = .062). Participants were significantly more likely to 

respond correctly on retention trials if they responded correctly on immediate trials 

for the same word (p < .001) 

Overall, participants had higher accuracy (immediate and retention test trials) 

in the early condition (M = 0.69) compared to the late condition (M = 0.60). For 

overall accuracy, the best-fitting model contained fixed effects of both pointing cue 

condition and trial type (χ2(1) = 4.50, p = .034), indicating that participants were more 

likely to respond correctly when tested on words learnt in the early pointing cue 
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condition compared to the late pointing cue condition (p = .006), and were more 

likely to respond correctly in retention than immediate test trials overall (p = .032).  

At debrief, only four of the 20 participants reported noticing a difference 

between conditions related to the pointing cue. This was unexpected, as the conditions 

were split into two distinct training blocks and the timing differences between words 

and pointing spanned a 1 second interval, which we expected to be easily detectable. 

 

Table 1. Study 1: Best-fitting general linear model results predicting trial accuracy 

by pointing cue condition. 

Immediate trial accuracy   

Fixed effect estimate SE z-value p-value 

(intercept) 1.08 0.42 2.58 .010 

Pointing cue condition 0.30 0.14 2.20 .028 

Retention trial accuracy     

(intercept)  0.38 0.29 1.32 .187 

Pointing cue condition 0.37 0.20 1.87 .062 

Immediate accuracy 1.47 0.14 10.35 < .001 

Overall accuracy     

(intercept) 1.05 0.43 2.43 .015 

Pointing cue condition 0.43 0.16 2.73 .006 

Trial type 0.15 0.07 2.15 .032 

 
 

  



 
DYNAMICS OF POINTING CUES IN WORD LEARNING 

 

19 

Figure 3.  Study 1: The effect of pointing cue timing on behavioral response – mean 

accuracy across testing trials with standard error bars of all participants, grouped by 

pointing cue condition and trial type. 

 

 

The results of Study 1 indicate that temporal ordering of cues with word 

utterance is important when initially establishing word-referent pairs, consistent with 

the cued attention literature (Hauer & Macleod, 2016; Yoshida and Burling, 2012). 

Our results not only confirm the importance of cue timing to referent selection 

(Trueswell et al., 2016), but also indicate that the effect of temporal co-occurrence is 

more fine-grained than -2 to + 2 seconds. Pointing cues during training that occur just 

1 second before label utterance significantly improved accuracy at test when 

compared to those that occurred 1 second after word utterance. Whether gestures 

occurring even closer to naming, as in the 500ms used in Nirme et al. (2019) or the 
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360ms used in Habets et al. (2011), may boost learning further is an open question 

that we revisit in the General Discussion. Further, the effect of temporal synchrony of 

pointing and spoken label during referent selection also influenced retention accuracy 

in our cross-situational paradigm. 

Interestingly, only four of the 20 participants reported noticing that the 

pointing cue appeared at different time points within trials across the two conditions. 

This suggests that the temporal synchrony of pointing cue and spoken information 

was not explicitly available to the majority of participants, indicating that strategic use 

of information was likely not driving performance, and that differences in test 

accuracy between conditions were not due to conscious manipulation of attention by 

learners. These results, however, do not yet indicate how learners’ attention to objects 

is affected by the timing of a pointing cue and what pattern of visual attention relates 

to learning – we therefore examine this using an eye-tracker in Study 2.  

 

Study 2: How do early pointing cues support more accurate word learning than 

late pointing cues?  

We hypothesized that the advantage of early pointing cues over late cues was 

due to where attention was allocated during, rather than following, label utterance. 

Early pointing may benefit learning by endogenously cuing orientation of visual 

attention to the target referent before the word is named (Hauer & Macleod, 2016), 

thus strengthening the link between word and referent. That is, participants may have 

learned more effectively in the early condition because they were already looking at 

the target object when they heard the referring label. We therefore repeated the 

procedure of Study 1 to replicate the behavioral effects, but also monitored 

participants’ gaze during training trials using an eye-tracker, allowing us to pinpoint 
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where their attention was directed during label utterance. We made two additional 

predictions relating to the temporal dynamics of multiple cue integration during word 

learning: (1) if the early pointing cue promotes attention to the target over the foil, 

participants would have increased overall relative looking time to the target compared 

to the foil during training trials in the early condition (relative to the late pointing cue 

condition), and (2) if the early pointing cue advantage for learning is due to where 

attention is located when the word is spoken, then greater accuracy would be 

predicted by fixations to the target during and immediately after the spoken label, but 

not prior to the spoken label. 

Method 

Participants 

Participants were twenty monolingual English-speaking adults without any 

sensory deficits who had not partaken in Study 1 (M age = 19.9, SD = 4.15, range = 

18.0 – 37.0; 5 male, 15 female), as specified in the pre-registration. They were 

recruited and reimbursed as per the procedures outlined in Study 1. 

Materials 

 The materials remained the same as in Study 1, with the following exceptions: 

a Tobii Pro X3-120 eye-tracker was used (sampling rate 120Hz) in conjunction with a 

Windows computer (17-inch monitor, screen resolution 1600 x 900) to track binocular 

participant gaze throughout training trials. Participants were seated approximately 

60cm away from the eye-tracker.  

Procedure 

 Participants’ eye positions were calibrated using the Tobii Eye-Tracker 

Manager five-point calibration system before the experiment. The rest of the 

procedure followed that of Study 1.  
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 An average of binocular data from the left and right eye was taken to give a 

single (x, y) coordinate for each gaze point. Where data from one eye was missing, 

data from the other eye was taken. If data from both eyes were missing, linear 

interpolation within-participant and within-trial was used to smooth the data.  

The data were split into time bins of 250 milliseconds, and three distinct areas 

of interest (AOIs) were identified: cue, foil, and target object. Fixations within these 

AOIs were detected using the saccades package (von der Malsburg, 2015) in R 

[v1.1.463], allowing for isolation of fixations whilst disregarding artifacts such as 

blinks. All processing code is available on OSF.  

Statistical analysis 

We first constructed GLME analyses in the same way as for Study 1 with 

behavioral response data at test only (Analysis 1). We then examined the effect of 

pointing cue timing on the learning process during training, first descriptively, and 

then by employing growth curve analysis (GCA) to analyze target fixation proportion 

across conditions (Analysis 2). GCA allows for modelling of differences between 

participants whilst allowing for within-participant differences across time (Mirman et 

al., 2008). We used the best-fitting orthogonal polynomials for the time form function, 

testing up to cubic polynomials. GCAs were fitted according to Mirman (2014) using 

lme4 in R Studio. A baseline model was constructed that predicted mean fixation 

proportion to target with fixed effects of all time terms, and random slopes of all time 

terms per participant, and random slopes of time terms for each participant per 

condition. These models failed to converge despite applying techniques to retain 

maximal random effects structure (Barr et al., 2013; Mirman, 2014), resulting in a 

baseline model of all time terms with random effects of all time terms per participant. 

Subsequent models were then built up by adding a fixed effect of pointing cue timing 
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condition (early or late) to the intercept only, and then adding a fixed effect of 

pointing cue timing condition to all time terms. Each model was compared to a 

baseline model, or previous best-fitting model, using log-likelihood comparisons. For 

all models, the early pointing cue training condition was used as the reference level. 

We then conducted post-hoc t-tests to compare mean target fixation proportions 

between time bins.  

Analysis 3 identified when looking behavior during training trials had the biggest 

effect on accuracy at test. Target fixation data were split into three distinct training 

phases, each comprising four time bins (Figure 6):  

a) Phase 1: before the verbal label in both conditions, and after cue occurrence in 

the early pointing cue condition (-1000 – 0 milliseconds) 

b) Phase 2: after the verbal label in both conditions (0 – 1000 milliseconds) 

c) Phase 3: after the occurrence of the pointing cue in the late condition (1000 – 

2000 milliseconds) 

GLMEs were constructed with fixed effects of eye-tracking behavior per Phase and 

built in the same format as for all other analyses. Only the fixed effects differed; 

instead of a fixed effect of condition, average fixation proportion to target for each of 

the training Phases (per word and per participant; coded as Phase 1, 2, and 3) was 

used. An added fixed effect of condition was not included due to a high variance 

inflation factor between condition and target fixation proportion (>3; Zuur et al., 

2010). Interactions between time periods were not tested due to high VIF values 

within interaction models. 

To further understand our results, we also conducted an additional post-hoc 

analysis, Analysis 4, that was not pre-registered. This was split into two models: 

Analysis 4a identified the effect of word-referent exposure on average fixation 
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proportion during the most crucial Phase of training as determined by Analysis 3 

using a linear mixed effects model. Analysis 4b identified the effect of the interaction 

between fixation proportion during the most crucial Phase of training, as determined 

by Analysis 3, and word-referent exposure on test accuracy using a general linear 

mixed effects model. Models were constructed using the same processes as described 

previously, with the following exceptions. Analysis 4a tested fixed effects of word-

referent exposure (number of occurrences as a continuous variable, 1 to 4) and 

condition (‘1’ = early, ‘-1’ = late). Analysis 4b tested fixed effects of an interaction 

between word-referent exposure  (number of occurrences as a continuous variable, 1 

to 4) and average target fixation proportion during training, immediate accuracy (‘1’ = 

correct, ‘-1’ = incorrect) for retention trial analysis, and trial type (‘1’ = immediate, ‘-

1’ = retention) for overall accuracy. In addition, for Analysis 4b, a random effect of 

test trial number was included.  

Results and discussion 

Analysis 1: The effect of pointing cue timing on behavioral response   

The final random effects structure included by-participant random intercepts with 

slopes for condition, and by-target word random intercepts across all models. Random 

intercepts by-target object and by-test order did not converge, and random slopes of 

condition for all other random intercepts also did not converge despite using allFit(); 

these had the lowest variance so were removed. The results, presented in Table 2 and 

Figure 4, replicated those of Study 1. Participants again performed above-chance in 

all conditions. Participants were more accurate at test on words learnt when the 

pointing cue occurred 1 second before label utterance (rather than 1 second after) 

across immediate trials (model fit: χ2(1) = 4.28, p = .038). Study 2 also demonstrated 

an additional effect of condition on retention trials where Study 1 did not: a model 
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that included fixed effects of condition and immediate accuracy provided the best fit 

for retention test trial data (model fit: χ2(1) = 111.18, p < .001). Participants were  

more likely to respond accurately on retention trials for words learned in the early 

pointing cue condition (p = .006) and, as per Study 1, more likely to respond 

accurately for words that were correctly disambiguated in immediate test trials (p < 

.001). 

The best fitting model predicting overall accuracy included fixed effects of 

pointing cue condition, trial type, and an interaction between pointing cue condition 

and trial type (model fit: χ2(1) = 4.85, p = .028). This model showed that participants 

were  more likely to respond accurately in immediate trials than retention  trials (p = 

.003), more likely to respond accurately in the early cue condition than the late cue 

condition (p = .002), and the interaction demonstrated that learners were more likely 

to respond accurately in retention trials for words learnt in the early compared to late 

pointing cue condition (p = .026).  Only three of the 20 participants reported noticing 

a difference between pointing cue conditions at debrief – again suggesting that the 

difference in performance appeared to be independent of any conscious manipulation 

of attention.   
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Table 2.  Study 2, Analysis 1: The effect of pointing cue timing on behavioral 

response – Best-fitting general linear model results predicting trial accuracy by 

pointing cue condition. 

 
Immediate trial accuracy   

Fixed effect estimate SE z-value p-value 

(intercept)  1.03  0.37  2.75 .006 

Pointing cue condition  0.26  0.13 2.00 .045 

Retention trial accuracy     

(intercept)  0.14  0.30  0.46 .646 

Pointing cue condition  0.47  0.17 2.75 .006 

Immediate accuracy  1.29  0.13 9.73 < .001 

Overall accuracy     

(intercept) 0.89 0.40 2.20 .028 

Pointing cue condition 0.38 0.12 3.09 .002 

Trial type 0.21 0.07 2.99 .003 

Pointing cue: trial type  -0.15 0.07 -2.22 .026 
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Figure 4.  Study 2, Analysis 1: The effect of pointing cue timing on behavioral 

response – average accuracy across testing trials with standard error bars of all 

participants, grouped by pointing cue condition and trial type. 

 

Analysis 2: Target fixation proportion during training using growth curve analysis 

 Figure 5 shows how mean fixation proportion to target, foil, and cue alters 

across trial time by condition (using geom_smooth in the ggplot2 package, Wickham, 

2016) in R [v1.1.463], local polynomial regression fitting). In the early pointing 

condition, participants looked predominantly at the target with a peak around word 

utterance, but began to look at the foil towards the end of the trial. In the late pointing 

condition, fixations at the beginning of the trial were split roughly equally between 

target and foil, but participants began to discriminate between target and foil after 

word utterance, with fixation to target rising after the pointing cue.  
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Figure 5.  Study 2, Analysis 2: Target fixation proportion during training using 

growth curve analysis – Mean fixation proportion (aggregated across all participants 

and trials) during training in 250ms time bins by pointing cue condition. Grey shaded 

areas indicate 95% confidence intervals. Phase 1 = after pointing cue in early 

condition and before word occurrence in both conditions; Phase 2 = after word 

onset; Phase 3 = after pointing cue in late condition. Note that as this figure shows 

aggregated mean fixation proportion across participants and trials per condition, 

looks to cue in the late pointing condition prior to word occurrence likely stem from 

participants expecting the cue to appear from previous within-condition trials. 
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The GCA model and data fits are shown in Figure 6,2 with Table 3 showing 

fixed effect parameter estimates and standard error (p-values estimated using normal 

approximation for t-values). The overall time course of mean target fixations was best 

captured with a third-order (cubic) orthogonal polynomial (model fit: χ2(1) = 20.22, p 

< .001). The effect of condition improved model fit on the intercept and all time terms 

(all p < .001). The GCA analysis indicated that target fixation proportion was 

significantly different between the two conditions, with participants exhibiting a 

mirrored effect (Figure 6): participants in the early pointing cue condition looked 

longer at the target at the beginning of trials and decreased their fixation over the 

duration of trials, whilst participants in the late condition looked less at the target at 

the beginning of trials and increased their fixation over the duration of trials. To 

further test where differences between the early and late condition were significant, a 

series of post-hoc independent samples two-tailed t-tests for each time bin were 

carried out. These reflected the same pattern as the GCAs; the t-tests demonstrated a 

significant difference at almost all time bins (8 out of 11 time bin differences were p 

<.001; Table 4).  

 
  

 

2 Due to technical issues, some data at the beginning of the trial were lost. The drop in fixation 
proportion to target at time bin 8 (2000 ms) in the late condition was likely due to cue appearance, but 
this was not captured by a quartic orthogonal polynomial. 



 
DYNAMICS OF POINTING CUES IN WORD LEARNING 

 

30 

Figure 6.  Study 2, Analysis 2, Target fixation proportion during training using 

growth curve analysis – Growth curve analysis showing mean fixation proportion to 

target in 250ms time bins, by pointing cue condition. Data points indicate mean and 

standard error bars for target fixation proportion, aggregated across all participants 

and trials. Lines indicate model fit. 
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Table 3.  Study 2, Analysis 2: Target fixation proportion during training using growth 

curve analysis – Results of growth curve analysis of mean target fixation proportion – 

estimates of time terms between pointing cue condition and model comparison of best-

fitting model.  

Term Early cue condition Late cue condition 

 estimate SE t-value p-value estimate SE t-value p-value 

(intercept) 0.73 0.02 43.74 < .001 -0.15 0.02 -9.16 < .001 

Linear 

Quadratic 

Cubic 

-0.26 

-0.20 

0.14 

0.06 

0.05 

0.05 

-4.37 

-4.19 

2.99 

< .001 

< .001 

< .001 

0.75 

0.34 

-0.24 

0.05 

0.05 

0.05 

13.95 

6.39 

-4.56 

< .001 

< .001 

< .001 

Term Model comparisons    

 χ2(df) p-value      

(intercept) 45.49(1) < .001      

Linear 

Quadratic 

Cubic (full) 

137.74(1) 

36.38(1) 

20.22(1) 

< .001 

< .001 

< .001 

     

 

 

  



 
DYNAMICS OF POINTING CUES IN WORD LEARNING 

 

32 

Table 4.  Study 2, Analysis 2: Target fixation proportion during training using growth 

curve analysis – Post-hoc T-tests comparing mean target fixation proportion at 

250ms time bins by pointing cue condition.  

 

In line with our hypothesis, participants were more likely to fixate on the 

target before and during word utterance in the early compared to the late condition. 

However, the increase in target fixation prior to cue onset over trials in the late 

Time bin, 
ms 

Early 
cue 

 Late 
cue 

  Comparison   

 M 
 

SE M SE t-value(df) 95% CI p-value Cohen’s 
d 

-750 0.75 0.07 0.82 0.07 -0.72 (25.57) -0.28, 0.13 .478 -0.27 

-500 0.91 0.01 0.41 0.02 16.16 (29.32) 0.44, 0.57 < .001 5.11 

-250 0.86 0.03 0.37 0.03 10.89 (37.90) 0.39, 0.57 < .001 3.44 

0 (word 

onset) 

0.81 0.04 0.42 0.04 7.43 (37.89) 0.29, 0.49 < .001 2.35 

250 0.85 0.04 0.50 0.03 7.01 (37.39) 0.25, 0.45 < .001 2.22 

500 0.84 0.03 0.61 0.03 5.28 (38.00) 0.14, 0.32 < .001 1.67 

750 0.69 0.04 0.63 0.04 1.20 (38.00) -0.05, 0.18 .238 0.38 

1000 0.71 0.04 0.52 0.04 3.31 (37.16) 0.07, 0.30 .002 1.05 

1250 0.63 0.04 0.80 0.02 -3.81 (28.90) -0.27, -0.08 < .001 -1.20 

1500 0.58 0.04 0.89 0.02 -5.87 (26.25) -0.41, -0.20 < .001 -1.85 

1750 0.56 0.04 0.80 0.02 -4.93 (29.4) -0.35, -0.14 < .001 -1.56 
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pointing cue condition demonstrates that, over multiple exposures to word-referent 

pairs, participants could identify the correct target prior to the cue’s appearance. The 

cue in the late pointing condition thus appeared to act as a confirmation of a referent, 

whereas in the early pointing condition, the cue appeared to act as a predictor of the 

referent prior to label occurrence. We then assessed how these patterns during training 

might have affected participants’ performance at test.  

Analysis 3: When does target fixation during training predict word learning 

accuracy?   

The final random effects structure included by-participant random intercepts 

with slopes for condition, and by-target word random intercepts, across all models.  

Random intercepts by target object and by test order did not converge, and random 

slopes of condition for all other random intercepts also did not converge despite using 

allFit(); these had the lowest variance so were removed. Results of the models are 

reported in Table 5. There was a significant effect of fixation proportion to target in 

Phase 2 (after verbal label in both conditions) on immediate trial accuracy (model fit: 

χ2(1) = 6.10, p = .014). There was also a significant effect of fixation proportion in 

Phase 2 and immediate test trial accuracy when testing retention trial accuracy (model 

fit: χ2(1) = 109.12, p < .001). Finally, there was a significant effect of fixation 

proportion to target in Phase 2 (after verbal label in both conditions) and trial type 

when testing overall accuracy (model fit: χ2(1) = 10.19, p = .001). GLMEs fitted for 

Phases 1 (before verbal label in both conditions, after cue in early condition) and 3 

(after cue in late condition) did not identify significant effects of average fixation 

proportion to target on accuracy in any of the test trials, indicating that looking 

behavior during training before the word occurred and after the cue occurred in the 

late pointing cue condition did not influence performance at test. An additional 
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analysis testing total fixation proportion during the trial across all time periods (see 

OSF) did not yield any significant predictive effects on accuracy. Thus, fixation to 

target during Phase 2 (after verbal label in both conditions) immediately after word 

utterance was the crucial time period for accurate learning.   

 
 
Table 5.  Study 2, Analysis 3: When does target fixation during training predict word 

learning accuracy?  – Best-fitting general linear model results predicting trial 

accuracy with fixed effects of target fixation proportion during training.  

Immediate accuracy   

Fixed effect estimate SE z-value p-value 

(intercept) 0.09 0.42 0.23 .822 

Target fixation proportion (Phase 2) 1.13 0.45 2.54 .011 

Retention accuracy     

(intercept) -0.40 0.53 -0.75 .452 

Target fixation proportion (Phase 2) 1.13 0.55 2.05 .041 

Immediate accuracy 1.28 0.13 9.64 <.001 

Overall accuracy     

(intercept) 0.93 0.50 0.19 0.85 

Target fixation proportion (Phase 2) 1.07 0.36 2.97 .003 

Trial type 0.22 0.07 -3.21 .001 

 
Note. Only fixation proportion during training Phase 2 (after the label utterance) was a 

significant predictor of accuracy. 
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Analysis 4a: Does word-referent exposure influence fixation to target?  

Next, we analyzed fixation proportion to target during Phase 2 (after verbal 

label in both conditions), taking into account the number of times participants had 

been exposed to the word-referent pair. Each word-referent pairing had four 

exposures during training, and the expectation of cross-situational word learning is 

that participants successfully learn word-referent pairs after multiple exposures.  

The final model had by-participant random intercepts of by-target word 

random intercept with slopes of condition, and a random intercept of target object. A 

slope of condition did not converge for target object despite using allFit() and was 

removed. For average fixation proportion during Phase 2 (after verbal label), the best 

fitting model included significant fixed effects of word-referent exposure, condition, 

and an interaction between the two (χ2(1) = 62.41, p <.001; Table 6). This indicated 

that mean target fixation proportion increased with exposure for the late pointing 

condition but decreased for the early condition. Figure 7 illustrates how participants in 

the early pointing cue condition looked less at the target during label utterance as 

word-referent exposure increased, whereas participants in the late pointing cue 

condition exhibited the opposite pattern, looking more at the target during label 

utterance after multiple exposures. These profiles likely reflect different learning 

strategies over time between the two conditions.  
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Table 6.  Study 2, Analysis 4a, Does word-referent exposure influence fixation to 

target?  – Best-fitting linear model results predicting target fixation proportion by 

pointing cue condition and word-referent exposure. 

Fixed effect estimate SE t-value p-value 

(intercept)  0.69  0.02  27.78 <.001 

Word-referent exposure 

Pointing cue condition 

Word-referent exposure: condition 

-0.002 

0.23 

0.04 

0.006 

0.02 

0.006 

-0.44 

8.11 

-7.96 

0.66 

<.001 

<.001 

 

Figure 7. 

Study 2, Analysis 4a: Does word-referent exposure influence fixation to target?  – 

Mean target fixation proportion (aggregated across all participants, all words, and 

all trials) and standard error bars during label utterance (Phase 2 [after verbal label 

in both conditions]; Figure 5) by word-referent exposure and pointing cue condition.  
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Analysis 4b: Does the interaction between word-referent exposure and target 

fixation proportion during training affect accuracy at test? 

All models had random intercepts of participant, target word, target object, 

and test trial number; test order did not converge despite using allFit() and had the 

lowest variance so was removed. For immediate accuracy, the interaction between 

word-referent exposure and average target fixation proportion during Phase 2 of 

training  (model fit: χ2(1) =  3.94, p = .047; Table 7) indicated that participants were 

more accurate if they fixated longer on the target with increasing word-referent 

exposures (p = .045).  

For retention data, the model contained a fixed effect of immediate accuracy at 

test and the interaction between word-referent exposure and average target fixation 

proportion during Phase 2 of training (model fit: χ2(1) = 362.21, p < .001; Table 7). 

This indicated that participants were more likely to respond accurately in retention 

test trials if they had responded correctly on the corresponding immediate test trial (p 

< .001), and they were more likely to respond accurately overall if they fixated longer 

on the target with increasing word-referent exposures during training (p = .015).  

For target fixation data predicting overall accuracy, fixed effects of trial type 

and average target fixation proportion during first word-referent exposures were 

found (model fit: χ2(1) = 54.90, p < .001, Table 7). Participants were more likely to 

respond accurately in immediate trials than retention trials (p < .001), and were more 

likely to respond accurately overall if they fixated longer on the target with increasing 

word-referent exposures during training (p < .001).  
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Table 7.  Study 2, Analysis 4b, Does average target fixation proportion by word-

referent exposure during training affect accuracy?  General linear model results 

showing interaction between average target fixation proportion during Phase 2 and 

word-referent exposure on accuracy at test. 

Immediate trial accuracy    

Fixed effect estimate SE z-value p-value 

(intercept) 1.16 0.52 2.25 .024 

Word-referent exposure * target fixation 

proportion in Phase 2 

0.09 0.04 2.01 .045 

Retention trial accuracy     

(intercept)  0.08  0.46  0.18 .861 

Immediate accuracy  1.34  0.08 16.79 <.001 

Word-referent exposure * target fixation 

proportion in Phase 2 

0.12 0.05 2.44 .015 

Overall accuracy     

(intercept)  0.84 0.49  1.73  .083 

Test trial type 

Word-referent exposure * target fixation 

proportion in Phase 2 

 0.25 

0.10 

0.04 

0.03 

6.61 

3.37 

<.001 

<.001 

 

Together with the GCA analysis (Analysis 2), Analyses 4a and 4b indicate that 

participants learned words more accurately when the pointing cue occurred 1 second 

before the word, rather than 1 second after, primarily because they exhibited higher 

target fixation during the period surrounding label utterance. Furthermore, from the 

first exposures to word-referent pairs, participants already demonstrated higher target 
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fixation proportion during label utterance in the early pointing cue condition (Figure 

7), which predicted higher accuracy at test.  

 
General Discussion 

The contribution of cross-situational statistics to word learning is well 

documented, but the mechanisms through which environmental cues facilitate cross-

situational word learning are not well understood. In this study, we showed how 

studies of pointing cue use in word learning can align with the long-standing tradition 

of studies exploring visual attentional cueing. We highlighted how the effectiveness 

of pointing cues in language learning is determined by the timing of endogenous cue 

reorientation, potentially tailored to exploit the coordination of attention at the 

moment of labelling to optimise word learning. 

Study 1 demonstrated that early pointing cues under referential ambiguity 

yield superior learning to late pointing cues, indicating that when cues occur in 

relation to label utterance has a direct influence on word-object mapping accuracy. 

Study 2 replicated these results and confirmed that this superior learning was due to 

the early cue directing visual attention to the target referent during label utterance. 

Both studies demonstrated that immediate referent selection accuracy was a predictor 

of later retention accuracy, and that this effect was a stronger predictor of retention 

than any manipulation of pointing cue condition – indicating that the dynamics of 

referent selection are vital to subsequent retention (McMurray et al. 2012; Yu & 

Smith, 2012). These results are consistent with studies that examine the time course of 

how, and when, endogenous cues orient attention to objects (Berger et al., 2005; 

Yoshida & Burling, 2012). However, these effects have not previously been merged 

with word learning, and our study investigating cross-situational word learning with 

different temporal arrangements of pointing cues provides an example of how 
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endogenous cueing during similar word learning tasks may interplay with speech to 

support learning. 

Studies that examine pointing cues under naturalistic settings have also 

indicated different effects of temporal order for cued attention during word learning. 

In naturalistic settings, gestures appear more frequently before, rather than after, 

speech (Bergmann et al., 2011; Donnellan et al., 2022). Frank et al. (2013) found that 

pointing gestures were used to introduce new topics and tended to be used at the 

beginning of discourses about objects during semi-naturalistic mother-infant 

interactions. Regarding language acquisition, children also looked at an object less as 

it was talked about more, mirroring the pattern of target fixation behavior in the early 

pointing condition (Figure 7). Furthermore, novel words are learnt by infants most 

accurately when they are centered in view and largest in size during label utterance 

(Pereira et al., 2014), and children’s attention to referents is highest during, and just 

after, label utterance in naturalistic mother-infant interaction videos (Trueswell et al., 

2016).  

In adult communication, adjusting the timing of gesture and naming has been shown 

to affect processing. Nirme et al. (2019) found that moving the gesture later affected 

judgments of naturalness for communicative situations when the gesture overlapped 

with a pause, Habets et al. (2011) found enhanced semantic integration when iconic 

gestures occurred before rather than simultaneously with naming, and Cavicchio and 

Busà (2023) found that iconic gestures resulted in quicker identification of an action 

for non-native speakers. Thus, it has been established that gesture-naming timing is 

critical for effective processing of potential word learning situations, and in our study, 

we showed how manipulating this timing can affect both referent selection and 

retention of novel words. It appears that gesturing before speaking is beneficial for 
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learning, and so the temporal ordering may not merely be a consequence of 

production constraints, but may instead be meeting the contingent need of the learner 

in acquiring new words (Holler & Levinson, 2019). Overall, the benefit of 

endogenous cues to cross-situational word learning appears to be mediated by quality 

rather than quantity: when a learner fixates upon a target referent may matter more 

than how much they fixate on a target referent. As Study 2 demonstrated, simply 

looking at a target prior to label utterance is not sufficient to improve learning. Our 

analyses showed that target fixation prior to word occurrence during training (Study 

2, Phase 1, before verbal label in both conditions, after cue in early condition) did not 

predict accuracy at test, despite participants in the early pointing cue condition having 

more time to fixate on the target before label utterance. Rather, the predictive value of 

early pointing cues leads to a learner fixating upon the correct referent when label 

utterance occurs from the very first exposures to novel words, and this may confer an 

advantage in overall resilience of forming word-referent mappings. This difference is 

apparent even when varying the relative timing of the pointing cue to label utterance 

by only 1 second, as participants performed significantly less accurately in the late 

pointing cue condition across both studies. Consistent with these findings, MacDonald 

et al. (2017) found that adult learners still tracked a single hypothesis and spent less 

time on alternative word-referent pairs when a gaze cue to a target object was present 

(as opposed to absent) even after being given the same amount of time to visually 

inspect the objects during cross-situational training in both conditions. The authors 

suggested this was because gaze increased opportunity to maintain attention on the 

target referent.  

When examining adult cross-situational word learning, Yu et al. (2012) found 

that strong and weak learners exhibited a pattern of looking behavior that only began 
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to differ around the middle stages of their training, likely due to gradual aggregation 

of statistical co-occurrences over time. This is consistent with our results in Study 2, 

where participants in the late pointing cue condition increasingly fixated on the target 

over trials with increased word-referent exposure (Figure 7). However, during the 

early pointing cue condition, participants began trials by fixating upon the target 

because they were cued towards it. In Yu et al. (2012), strong learners had increased 

attention to the referent towards the end of trials, rather than the beginning. With an 

early pointing cue, learners in Studies 1 and 2 may have been provided with a shortcut 

that enabled them to direct their attention towards the target from the very first 

exposure, resulting in more accurate performance at test. This is in line with the eye-

tracking data showing that fixations to target in the first exposures to word-referent 

pairs, rather than the last exposures, were predictive of word learning accuracy.  

Increased looking and attention to the referent when an unfamiliar label is 

uttered may benefit learning by increasing the initial strength of association between 

label and target, which then builds up gradually over multiple situations. The results 

of Study 2 that demonstrated high target fixation during first exposures to words 

during the early cue condition support this interpretation. Reducing attention to foil 

objects may also decrease the likelihood of forming spurious word-object 

associations, supporting learning of precise word-referent mappings intended by the 

speaker (e.g., Yu & Ballard, 2007; McMurray et al., 2012). Associative models of 

word learning (MacWhinney, 2005; McMurray et al., 2012; Yu & Smith, 2012) 

contend that a learner builds up weights on associations between labels and foils, as 

well as targets. We show that directing attention to the target with a pointing cue prior 

to the word being spoken may prevent the learner from making false associations 

between a foil and the label, limiting the formation of competing associations. 
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However, cues that occur after the word is spoken do not appear to prevent some 

competing false label-foil associations from being formed, resulting in reduced 

accuracy at test relative to the early pointing cue condition. Applying a cue to indicate 

the target referent after the label has been spoken does not provide the same quality of 

information as when attention is already drawn to the target referent prior to the label 

being spoken. Therefore, the presence of cues is not the only factor that promotes 

optimal word learning – the contiguity of those cues in relation to labelling must also 

be effective. 

Another benefit for learning conferred by pointing cues preceding labelling 

concerns prediction. Ramscar et al. (2010) manipulated the ordering of objects and 

labels during word learning in adults and found that learning was more accurate when 

objects were presented prior to labels, rather than when labels preceded objects. This 

may be due to differences in the informativeness of labels and objects as conditioning 

cues; when objects occur prior to labels, learners must process several object features 

as distinctive cues that compete for relevance when predicting the label. However, 

when learners are exposed to the label first, this provides a far more constrained 

source of information to predict objects from. Consistent with this, learners in our 

study appeared to use the early pointing cue as a predictor of the referent, whereas in 

the late pointing condition, the cue may have simply confirmed the participant’s 

assumption, resulting in a weaker prediction for the learner.  

An alternative explanation for why early pointing cues facilitate more accurate 

word learning is that participants are more familiar with this ordering of gesture and 

speech, assuming that the majority of gestures precede naming referents in naturalistic 

communication. Under this view, early gesturing is an accidental property of the 

communicative environment, and learners become attuned to this. Though this is a 
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possibility, applying equally to the interpretation of previous studies adjusting gesture 

and speech ordering (e.g., Cavicchio and Busà, 2023; Habets et al., 2011; Nirme et al., 

2019; Trueswell et al., 2016), we believe this is less likely than our favoured 

interpretation that a positive effect of ordering exists due to cognitive mechanisms 

integrating speech and visual information. This is because the eye-tracking data 

demonstrate how the learner explores the scene, providing evidence not only of a 

learning boost, but also how patterns of looking to the target at the point of naming is 

beneficial for learning, and precipitated by the gesture. Being used to the relative 

order of speech and gesture would not necessarily result in these subtle patterns of 

looking. As our results are consistent with the general attentional cueing literature 

(Berger et al., 2005; Brignani et al., 2009; Hauer & Macleod, 2016; Shepherd & 

Müller, 1989), rather than being specific to situations involving gestures and naming 

production, we contend that it is preferable to explain results with broader cognitive 

theories than more specific theories. Also, as only seven of 40 participants noticed a 

difference in cue timing between conditions, violation of ordering familiarity did not 

influence conscious processing for the majority of our sample. In Nirme et al. (2019), 

judgments of naturalness were only impacted when iconic gestures overlapped with a 

pause, and manipulations of 500ms before or after naming did not otherwise influence 

judgments. For our study, moving the gesture to 1s before or after naming similarly 

resulted in no difference in participants’ perceptions. This suggests that learners have 

little meta-awareness of the context and process surrounding word learning itself, and 

likely have little explicit control over how cues, labels, and referents are sequenced in 

communicative situations. Nonetheless, in naturalistic settings speakers use gesture 

and speech in ways that are beneficial to learning, despite being unaware of their 

temporal contiguity. 
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Limitations 

This study has a number of limitations. Firstly, our use of a finger and hand as 

a pointing cue may raise the question of whether an arrow might yield the same 

results. However, the advantage of using a finger pointing cue is simply that they play 

a more prominent role in naturalistic language learning than arrows. Whether visual 

attention grabbers such as lights and arrows outweigh social cues, such as head turn 

and eye gaze, has been addressed elsewhere (e.g., see Axelsson et al., 2012; Hartley et 

al., 2020; Wu & Kirkham, 2010). A similar limitation concerns the naturalism of a 

static photograph of a human hand with an index point as a pointing cue; although 

easily recognizable by human learners, this was not as naturalistic as having an actor 

pointing at different objects. As described previously (see ‘Current Study’ section), 

this static cue was chosen to afford more control over precise timing on informative 

value during word-referent mapping, as compared to dynamic video stimuli, where 

informative value occurs over time (Donnellan et al., 2022). Although we believe it is 

unlikely that video stimuli would produce vastly different results, we do recommend 

that future studies examine the role of more naturalistic social and non-social cues 

under the same conditions of referential ambiguity, or even weigh different types of 

social cues against one another.  

Secondly, despite pointing cues being reliable indicators of referents, they do 

not occur in many naturalistic learning situations, such as during language acquisition. 

In their semi-naturalistic mother-infant video corpus, Frank et al. (2013) report that 

pointing cues had a recall value of 10%, whereas maternal eye gaze had a recall value 

of 36%. In Trueswell et al. (2016), highly informative vignettes that contained 

maternal gestures were rare, and in Iverson et al. (1999), mothers only used pointing 
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cues during word learning 15% of the time. Pointing cues are likely only one of 

several cues that can support cross-situational word learning. 

Thirdly, we did not intermix early and late cues within the same block, and 

instead attempted to minimise variation by blocking the task by cue timing. This 

blocking may have introduced additional bias into the results if learners were 

distinctly aware of the difference; however, as noted, the majority of participants 

failed to notice a difference between the conditions. 

A final limitation – and opportunity for further exploration – was that we 

investigated only two time intervals between gesture and naming: a 1s asynchrony, 

that was situated between the 2s of Trueswell et al. (2016) and the 500ms and 360ms 

intervals of Nirme et al. (2019) and Habets et al. (2014), respectively. Testing 

multiple asynchronies will allow us to determine the precise optimal difference 

between gesture and naming to support learning, potentially closer to the 370ms 

interval between gesture and naming found in naturalistic discourse (Donnellan et al., 

2022). Evidence for a quantitative effect on ordering of gesture and naming will 

enable us to specify more fully the fine-grained learning mechanisms that apply in 

learning novel words. 

Conclusion 

These studies offer multiple insights into how pointing cues can facilitate 

disambiguation of meaning when a learner is faced with referential ambiguity. The 

value of pointing cues appears to be in compensating for referential ambiguity by 

providing accurate information about referents. Cues are particularly useful when 

highlighting referents prior to labels; when a perfectly disambiguating pointing cue 

occurs before a novel word is spoken, this provides a superior benefit to the learner 

than when a pointing occurs after a novel word. These temporal effects are consistent 
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with how pointing cues interoperate with speech in naturalistic studies, and show how 

attention literature regarding endogenous cues is also applicable to cross-situational 

word learning. The studies presented here provide a controlled setting that 

demonstrates how and when pointing can support cross-situational statistical learning, 

and translate well-investigated attention and memory phenomena into effects of 

cueing during word learning.     
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