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Abstract 

Quickly looking to a plausible referent of a word is both an indicator of effective lexical 

processing and an opportunity to learn new words. Beginning in infancy, faster attentional 

orientation during recognition and disambiguation is associated with superior vocabulary ability 

(Bion et al., 2013; Fernald et al., 2006). Yet, existing research on attentional orientation during 

word learning is limited. The present study examined whether the speed of attentional orientation 

during novel word learning is associated with word learning and vocabulary ability in adults.  

The speed of attentional orientation likely depends on strengthening consistent 

associations and pruning spurious ones. In this study, exposure to word-object pairs in a 

familiarization phase affected individuals’ expectations. In each trial of the subsequent Cross-

Situational Word Learning phase, individuals saw two referents and heard two words. The first 

word remained consistent from the familiarization phase to the learning phase. The second word 

was inconsistent from the familiarization to the learning phase. Adults used relative certainty to 

disambiguate the referents of inconsistent words in the first block of the learning phase, despite 

having seen these words co-occur with different objects earlier. Adults who oriented more 

quickly following consistent and inconsistent words learned those words better. Faster attentional 

orientation following the inconsistent word was associated with more developed productive and 

receptive vocabulary abilities.  

These findings suggest that attentional orientation, measured in a context that does not 

draw on previous experiences with the words and objects, is still associated with vocabulary and 

word learning in adulthood. Additionally, the relationships between attentional orientation, word 

learning, and vocabulary ability are not specific to infancy. Adults who attend to the most likely 

referent of a novel word faster have better vocabulary abilities. 
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1 Introduction 

A key question in language research is what it means to know a word. Some 

seminal theories on language processing and development have focused on how word-

object associations form and how they are used, often considering word learning in 

children (Bloom, 2000; Carey & Bartlett, 1978; Golinkoff et al., 2000; Quine, 1960; Xu 

& Tenenbaum, 2007).  Children, for example, can accurately select the referent of a novel 

word on their first exposure to it (Carey & Bartlett, 1978; Mervis & Bertrand, 1994). Yet, 

they often struggle to select that same referent from a set of plausible competitors after a 

brief delay (Bion et al., 2013; Horst & Samuelson, 2008; Smith & Yu, 2013; Vlach & 

DeBrock, 2019). Word-object associations may, thus, be created during online processing 

without the fully-fledged knowledge that would enable success in all contexts.   

The successful identification of referents in some contexts, but not others, 

suggests that referent selection and learning are related but independent concepts. Under 

a model developed by McMurry and colleagues (2012), selecting the referents of words 

can be thought of as the online processing of the word, using previous expectations and 

contextual cues. This processing is reflected in eye-gaze movements. Learning, in 

contrast, occurs through a basic associative mechanism that tracks co-occurrence 

statistics to change connections (weights) between words and objects. This model is 

consistent with the finding that individuals may successfully use words before they know 

them.  
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One way to measure online referent selection is by measuring the speed that 

individuals orient towards the likely referents of words (Cooper, 1974; Tanenhaus et al., 

1995). I will refer to the speed of disengaging from a distractor to fixate on a target 

referent following a word as attentional orientation.  For example, an individual sees a 

plane and a cake and hears the sentence, “The boy sees the cake”. Attentional orientation 

is the speed that individuals who are fixated on the distractor (plane) at the onset of the 

target word (cake) switch to look at the cake. The speed of attentional orientation has 

been associated with vocabulary ability in a variety of settings (e.g. Borovsky et al., 

2012; Fernald et al., 2006; Mani & Huettig, 2012; Marchman et al., 2016), suggesting 

that referent selection is associated with vocabulary when processing familiar words.  

Novel words are processed similarly to known words; however, these words are 

poorly established in the lexical network with weak and spurious connections. The speed 

of attentional orientation during novel word learning thus reflects the strengthening of 

correct expectations and the pruning of incorrect associations. However, there is limited 

evidence linking the processing of consistent or inconsistent information in the first 

exposures to word-referent pairs to the learning of those pairs and vocabulary ability. To 

understand how individuals process and learn words, we must examine processing within 

a learning environment with both spurious and accurate word-referent links.  

In the present study, I examined whether attentional orientation during cross-

situational word learning was associated with word learning in the task, and vocabulary 

ability outside the task. This task was preceded by one-to-one object pairings that were 

either consistent or inconsistent in the cross-situational learning phase. I predicted that 
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faster attentional orientation would be associated with greater learning in the task and 

superior vocabulary abilities.   

1.1 Orientating Attention Based on Recognition and Disambiguation 

Attentional orientation can be measured in contexts where referents are selected 

based on the recognition of the object or selected based on constraints. In both of these 

contexts, attentional orientation is the speed of selecting the appropriate referent based on 

verbal cues. During word recognition, attentional orientation is the time to fixate on the 

referent of a word. In constraint-based selection, attentional orientation is the orientation 

to a target based on principles or biases, even without previous experience with that pair. 

Here, I will focus on selecting one referent based on knowledge of competitors, which I 

will refer to as disambiguation, though some researchers have described this process in 

terms of novelty (Mervis & Bertrand, 1994), the process of elimination (Halberda, 2006), 

and mutual exclusivity (Markman et al., 2003). The association between vocabulary and 

attentional orientation in contexts where individuals deduce and recognize the referents 

of words shows that referent selection is not just the product of established word 

knowledge. Instead, attentional orientation reflects the processing and integration of 

multiple different kinds of information. 

Word recognition research shows that the speed of attentional orientation in 

infancy is associated with language development and becomes faster throughout 

development (Halberda, 2006). More rapid attentional orientation in word recognition 

tasks is associated with greater current vocabulary and is predictive of future vocabulary 

growth in infants (Fernald et al., 2006; Fernald & Marchman, 2012; Peter et al., 2019).  
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However, the relationship between processing familiar words and vocabulary may 

weaken as individuals begin to process familiar words more quickly. Variation in the 

orientation speed for common words may thus no longer explain a significant portion of 

the variance in adult language abilities.  

Many studies find the relationship between attentional orientation and vocabulary 

ability is stronger when language users are less proficient. In Peter and colleagues (2019), 

processing speed at 19 months of age, but not at later time points, correlated with 

vocabulary ability at 18-36 months. Faster processing was associated with better 

vocabulary abilities in 18-month-old’s who knew fewer words (Peter et al., 2019), were 

late talkers (Fernald & Marchman, 2012), and were born preterm (Marchman et al., 

2016). The relationship between processing and vocabulary was either not present or was 

weaker in these studies comparison groups who knew more words. These results suggest 

three possible (non-orthogonal) interpretations; processing speed may be most strongly 

associated with vocabulary ability (1) while word-object associations are still developing, 

(2) in individuals with smaller vocabularies, or (3) at a particular developmental 

timepoint.  

The question of developmental continuity is addressed in studies that find lexical 

processing speed is still associated with vocabulary ability in adults. Though measuring 

the time to process high-frequency words does not identify meaningful differences in 

vocabulary after infancy, adults’ processing of low-frequency words is still related to 

their vocabulary ability. (Janse & Jesse, 2014; Mainz et al., 2017; Yap et al., 2012). 

These findings suggest that the relationship between lexical processing and vocabulary 
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ability persists throughout development so long as the difficulty of tasks is calibrated 

with participant abilities to show meaningful differences.  

  Orientation to the target when two objects are displayed does not just reflect 

recognition of the target word; it also reflects knowledge of the alternative. Infants can 

disambiguate effectively between unfamiliar and novel words (Dewar & Xu, 2007; 

Markman et al., 2003; Mather & Plunkett, 2010). Infants thus do not need a fully 

developed lexical representation of one word to disambiguate. Instead, they can use the 

developing association between one word and referent in a trial to select the other, novel, 

referent following a novel word.  

The ability to disambiguate successfully is related to vocabulary ability in infants. 

Bion and colleagues (2013) presented 18-, 34-, and 30-month-old infants with two 

objects which were either familiar or unfamiliar. On each trial, infants heard a familiar or 

an unfamiliar word. Infants who looked more to the novel object following novel words 

on disambiguation trials had larger vocabularies. In that study, looking time was 

evaluated by dividing the proportion looking time on target by the proportion of time 

looking at the target and the alternate. Infants who oriented quickly to an object increased 

their looking time at that object. However, attentional orientation speed should be 

evaluated during disambiguation to compare with attentional orientation speed in word 

recognition tasks. 

In sum, orientating based on knowledge of a word and knowledge of competitors 

is associated with vocabulary ability. Stronger word-object associations and better ability 

to disambiguate should be associated with better word learning and superior vocabulary 



 

6 

 

ability. However, attentional orientation during word recognition and disambiguation 

have not been adequately studied in adults. Additionally, the speed of attentional 

orientation is only examined during word recognition, yet faster processing may both 

indicate stronger word-object associations and provide an opportunity to strengthen 

word-object associations. Examining processing speed during word learning is necessary 

to understand how previous experience contributes to the relationships between 

attentional orientation, word learning, and vocabulary ability.  

1.2 Cross-Situational Word-Learning 

  Cross-situational word learning (CSWL) tasks provide a way to examine how 

referents are selected and word-object pairs are learned. Classic CSWL tasks are used to 

examine how individuals learn word-object across multiple, individually ambiguous, 

naming events (Yu & Smith, 2007). Learners see multiple novel objects and hear 

multiple novel words on each trial. Words always co-occur with the object they refer to, 

while co-occurring word-object pairs vary (e.g., Trial 1: Object 1 and 2 co-occur with 

Word 1 and 2. Trial 10: Object 1 and 3 co-occur with Word 1 and 3). The mapping 

between words and objects on any one trial is thus ambiguous; however, individuals can 

learn by combining information across trials. CSWL thus models the ambiguity present 

in the natural word-learning environment where individuals may have accurate and 

inaccurate hypotheses about the meaning of words. As word learning progresses in 

CSWL, individuals integrate information across multiple trials. Integrating information 

across trials enables individuals to develop increasingly accurate and robust knowledge 

about which object each word refers to, despite the ambiguity of the learning 
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environment.  Both adults and children are more accurate at identifying word-object 

combinations in this task than would be expected by chance (Smith & Yu, 2008; Yu & 

Smith, 2007).  

During CSWL, individuals integrate information within and between trials to 

learn. Between trials, individuals track the co-occurrence of words and objects. For 

example, if a word co-occurs with one object once and another twice, then the latter 

object is the more likely referent of the word. Within trials, individuals are guided by 

constraints and emerging associations to select the referents of words (McMurray et al., 

2012). This selection process likely both reflects (McMurray et al., 2012) and influences 

learning (Trueswell et al., 2013). For example, individuals who effectively use their 

knowledge of a co-occurring pair to quickly switch to a competing object following a 

competing word have a better opportunity to strengthen that association, and individuals 

who have a stronger association switch faster. Examining the relationship between 

selection processes within trials and associative processes between trials is necessary to 

account for word learning across situations.  

Research on the mechanisms underlying CSWL examines developing associations 

and online selection. Successful associative learning (Daltrozzo et al., 2017) and referent 

selection via mutual exclusivity (Bion et al., 2013) are both associated with better word 

learning and better vocabulary ability. Attentional orientation during word learning 

reflects the speed of lexical access to associations formed in the task (Fernald et al., 2006; 

Lany, 2018; Law & Edwards, 2015) and the use of disambiguation, which guides referent 

selection based on knowledge of competitors (Dewar & Xu, 2007; Markman et al., 2003; 
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Mather & Plunkett, 2010). The CSWL environment involves selecting the correct 

referent based on constraints and emerging associative knowledge, and these processes 

also underlie the selection of known referents. Attentional orientation during word 

learning differs as it does not reflect fully-fledged knowledge but instead reflects weak 

representations, which become stronger over time.  

Research on visual attention during word learning has not directly measured 

attentional orientation and has not examined adults. Two studies found that infants with 

larger vocabularies showed greater synchronicity between words and gaze movements 

during CSWL (Scott & Fisher, 2012; Smith & Yu, 2013). Synchronicity, however, differs 

from attentional orientation as it involves both the time to switch to look at a target and 

the time to dwell on a target. 

 The unique contribution of processing speed is therefore unclear in both CSWL 

research and disambiguation research. Additionally, the developmental specificity of the 

relationship between looking at novel words, the learning of those words, and vocabulary 

ability is unclear because both CSWL and disambiguation research only compare these 

elements in infants. To inform theories about how individuals learn word object 

associations at different developmental timepoints, we must measure the relationship 

between processing, learning, and vocabulary later in life. Examining attentional 

orientation during adult CSWL will tell us if attentional orientation is associated with 

vocabulary when adults, who have largely established vocabularies and learn words 

slowly from word object associations.  
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1.3 Learning Consistent and Inconsistent Information 

In many theories, language processing and learning depend on strengthening 

accurate associations and pruning inaccurate ones (Grimmick et al., 2019; McMurray et 

al., 2012; Ramscar et al., 2013; Xu & Tenenbaum, 2007). In early experiences with a 

word, referential ambiguity means that associations may form between both the true 

referent and competitors. Individuals subsequently experience evidence consistent with 

their accurate hypotheses and inconsistent with inaccurate hypotheses. The discrepancy 

between the expectations and the input can be used to adjust expectations for the future. 

Previous research in adults has examined how correct and incorrect expectations 

affect cross-situational word learning (Fitneva & Christiansen, 2011, 2017; Grimmick et 

al., 2019). Fitneva and Christiansen (2011), for example, examined the performance of 

adult learners who, by chance, initially fixated for longer on the correct referent 

following the onset of a word during CSWL. They found that participants who formed 

more incorrect associations at the beginning of the study (indicated by their longest 

fixation) learned the set of words better. The inconsistency between the participants’ 

initial mapping and the evidence they receive on subsequent trials could therefore 

contribute to the learning process.  

Two follow-up studies deliberately introduced associations in a familiarization 

phase which were either consistent or inconsistent in a subsequent CSWL phase (Fitneva 

& Christiansen, 2017; Grimmick et al., 2019). These studies modified the number of 

consistent and inconsistent words between two conditions. Fitneva and Christensen 

(2017) found that adults learned words better in the condition with more inconsistent 
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words. Grimmick and colleagues used the same approach but increased the number of 

words individuals had to learn. In contrast to Fitneva and Christensen (2017), they found 

that learners’ performance did not differ significantly between the two conditions. 

Overall, consistent items were learned better than inconsistent items; however, 

inconsistent items were learned better in the condition in which they were more common 

than in the condition in which they were less frequent.  

Grimmick and colleagues compared the fit of different models to determine what 

constraints best explain this pattern of results. They began with an associative model that 

has successfully approximated individuals’ learning during a variety of CSWL tasks 

(Kachergis et al., 2012, 2013, 2017). In this Biased Associative Model, word-object pairs 

are learned proportional to the level of certainty a learner has about a given association. 

The model captures competing preferences that pull learners to preferentially attend to, 

and store, information that is either highly novel or highly familiar. The model calculates 

the uncertainty of a given trial and adjusts the associations between words and objects 

based on this. This model has effectively explained individual learning during a variety of 

CSWL experiments. Additionally, Grimmick et al. added an error-based learning 

mechanism from Rescorla and Wagner (1972) to the Biased Associative Model to explain 

learning for inconsistent and consistent word pairs in the task. This new, Predictive 

Biased Associative Model provided the best fit for the learning patterns exhibited in 

Fitneva and Christensen, (2011, 2017) and Grimmick (2019). In sum, there is now 

support for the claim that individuals allocate attention based on their uncertainty and 

learn proportionally to the error signal resulting from a given word-object pairing. 
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Thus, consistent and inconsistent information processing are both important to 

consider during cross-situational word learning. However, existing research in novel 

word learning has not examined whether attentional orientation following inconsistency 

is associated with vocabulary ability. The pruning of an inconsistent association is likely 

important to both processing and learning. Linking this processing to vocabulary would 

show that processing speed in a context with competing associations that must be pruned 

are associated with vocabulary skills. I expect that individuals who orient their attention 

to the target of both consistent and inconsistent words should learn those words better and 

should have better language abilities.  

1.4 Current study 

In the present study, associations between novel words and objects with one-to-

one pairings were introduced during the familiarization phase of a CSWL task. Half of 

the word-object associations were consistent from the familiarization phase to the 

learning phase, and the other half were inconsistent. (Consistency thus refers to whether a 

word appears with the same object or a different one in the familiarization phase relative 

to the learning phase.) In each trial of the learning phase, there were two distinct subtrials 

following the onset of the consistent word (CW) and inconsistent word (IW). The 

consistent word always occurred first, and the inconsistent word always occurred second. 

Matching the number of consistent and inconsistent words ensured that each trial was 

equally informative, which should result in an incremental and continuous increase in 

knowledge throughout the learning phase.  
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Attentional orientation was the time to switch from the alternate to the target of 

each word.  There were thus two categories of switching. CW switching occurs after the 

onset of the first, consistent word. IW switching occurs after the onset of the second 

word. This word is inconsistent as it appeared with a different object in the 

familiarization than the learning phase. If individuals formed associations between words 

and objects in the familiarization phase, they may experience an error signal when the 

referent for that word does not appear. This error may be resolved by using knowledge of 

the consistent object beginning in the first block of the learning phase. The co-occurrence 

of words and objects on subsequent trials will reinforce the true association.  

 As described above, this study focused on adults due to previous research, which 

introduced expectations in the same way and indicated that adults’ learning in this 

context may be explained using an error-based learning model (Fitneva & Christiansen, 

2017; Grimmick et al., 2019). Faster processing of novel words may indicate effective 

strengthening of accurate associations, weakening of inaccurate associations, and 

selection processes within trials. I examined whether the speed of attentional orientation 

in a word learning context with consistent and inconsistent expectations is associated 

with word learning and vocabulary abilities. I expected faster attentional orientation 

would be associated with greater learning in the task and superior vocabulary abilities. 
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2  Method 

2.1 Participants  

Sixty-seven participants were required to achieve 80% power to detect an r =.3 

correlation using a one-tailed bivariate test. Eighty-four participants were recruited to 

allow for exclusions. Participants received either 10$ or course credit for participating in 

this study, which lasted one hour. Participants were required to have normal, or 

corrected-to-normal, vision because information was presented visually. 

From this subset, ten participants were excluded because they had a 

neurodevelopmental disorder, used alcohol or drugs before participating in the study, or 

did not learn English as a child.  Eight participants were excluded based on insufficient 

eye-tracking data. One participant was excluded due to a Cook’s distance score indicating 

they had a high influence on our primary analyses coupled with a lack of reliability in 

their language scores. After these exclusions, the final sample consisted of 65 participants 

(M = 20.17 years, SD = 3.16 years, 15 males). The final sample was composed of 53 

individuals recruited through the Queen’s University Participant Pool and 12 individuals 

recruited through online and print advertising. Participants were predominantly 

Caucasian and female, reflecting the undergraduate population from which most of the 

sample was drawn. 

2.2 Procedure 

Participants were given a letter of information and a consent form to read and sign 

(Appendix C).  The study session began with a Word Learning Task which consisted of a 
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familiarization phase, followed by a learning phase that implemented CSWL, a 5-minute 

break, and then a test.  Before starting this task, the study administrator fitted 

participants’ heads into a headrest so that their eyes were approximately 57cm from the 

eye tracker. A Tobii 1750 remote eye-tracker sampling at 50Hz recorded gaze data during 

CSWL. The eye-tracker was calibrated using a 5-point calibration, in which participants 

viewed a dot traveling to 5 points on the screen. To successfully calibrate, individuals 

needed to fixate on each of the 5 points. After calibration, the Word Learning Task 

began. Participants were instructed to maintain their head in the headrest until the end of 

the learning phase. During the five-minute break between the learning and test phase of 

the Word Learning Task, participants completed a background questionnaire. Responses 

during the test phase were made using a mouse and gaze data was not collected during 

this phase.  

After the Word Learning Task, cognitive abilities were evaluated using multiple 

assessments. The Stroop task, as well as the CogState Detection and One-back Tasks, and 

the Matrix Reasoning task from the Wechsler Adult Intelligence Scale 4th edition (WAIS-

IV) were administered, but results from these tasks are beyond the scope of this study. 

The current study used three vocabulary measures: the WAIS-IV Similarities (SI) and 

Vocabulary subtests and the Peabody Picture Vocabulary task (PPVT-IV). The two 

productive vocabulary tasks were administered in one block, with the Similarities subtest 

first and the Vocabulary subtest second. The PPVT-IV was administered in a separate 

block. The block order varied to avoid differences between productive and receptive 
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vocabulary being confounded with order effects. The task order, shown in Figure 1, 

indicates the two positions vocabulary tasks were administered.  

 

Figure 1 

 Order of Administration for Cognitive Assessments 

 

2.3 Word Learning Task 

2.3.1 Stimuli 

 The Word Learning Task included twelve novel objects and twelve pseudowords 

(Appendix E). The pseudowords were phonologically valid in English and were spoken 

by a female native English speaker. The pseudowords ranged in duration from 354ms to 

760ms. All objects in the task were similar in brightness and distinctive in appearance.  

Images of the objects are from the Novel Object Database (Horst & Hout 2016). 

2.3.2 Familiarization  

The familiarization phase introduced incidental associations between co-occurring 

words and objects. The familiarization phase instructed participants that, “Before the 

study begins, we need to calibrate the computer. Simply pay attention as you see the 

images and hear the words.” Twelve pairs of novel words and objects were presented 
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twice, in one-to-one mappings (Figure 2). Each trial began with the presentation of a 

central fixation point for 400ms.  After the fixation point, a novel object was displayed 

centrally for 300ms before the onset of the novel word. The object was displayed for 

500ms after the offset of the word. The inter-trial interval displayed a blank screen for a 

random interval lasting between 700ms and 1000ms.  

Figure 2 

 Structure of Familiarization Trials 

 

2.3.3 Learning 

 In the learning phase, participants were instructed to “Figure out which image 

corresponds to each word” (see Appendix F for full task instructions). The learning phase 

employed a 2x2 cross-situational learning design where each trial presented two objects 

and two words (Smith & Yu, 2008). See Figure 3 for the Learning phase Trial Structure. 
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Figure 3 

  Structure of Learning Trials 

 

Four word-object pairs from the familiarization phase were used again, 

unchanged in the learning phase. Four word-object pairs were novel combinations of the 

remaining eight objects and words presented during the familiarization phase. Pairs that 

did not change between the familiarization and learning phase will be referred to as 

“consistent”, and pairs that changed between the familiarization and the learning phase 

will be referred to as “inconsistent.” Each learning trial combined a consistent and an 
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inconsistent pairing (see Figure 4). The word from the consistent pair played first and the 

word from the inconsistent pair played second.  

Figure 4 

 Consistent and Inconsistent Pairings 

 

There were six blocks of four learning trials in this phase. The learning phase 

counterbalanced the location of objects in several ways to avoid location biases. The first 

word referred to the object on the right an equal number of times as it referred to the 

object on the left. The referent of each word appeared an equal number of times on the 

left and on the right. The left/right placement of referents was counterbalanced by 

dividing participants into two groups; if one group saw the referent of the first word of 

the first block on the left, the other group saw it on the right.  

Each trial of the learning phase began with a central fixation for 400ms. After 

this, both objects appeared on the screen for 2000ms before the first word began. After 

the onset of the first word there was 2000ms until the onset of the second word. After the 
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second word onset, both objects remained on the screen for 2000ms. At this point, the 

trial concluded and the screen was blank for a random interval between 1000 and 1500ms 

before the next trial.  

2.3.4 Test 

 All eight images from the learning phase were shown in a circle surrounding a 

central point until the end of the test phase (Figure 5). The test phase began with 

instructions to click the central point to hear a word and then click on the object that word 

“names”.  Each trial began with the appearance of the central point. After participants 

clicked the point, it disappeared and they heard a word from the learning phase. After 

participants clicked on an object, the next trial began, indicated by the re-appearance of 

the central point. Participants continued until they selected a referent for each of the eight 

pseudowords from the learning phase.  Once selected, a given item could still be selected 

on a later trial. Individuals’ responses were scored as correct based on their selection of 

the appropriate object after a given word.  

The words were presented in a random order. Each participant was randomly 

assigned to one of two arrangements of the images around the circle, Test1 and Test2. 

The location of consistent and inconsistent items was counterbalanced so that if a 

consistent item appeared at a given location in the first test presentation, an inconsistent 

item appeared at that location in the second test presentation. For example, if the top item 

was consistent in Test1, it would be inconsistent in Test2. If an item was inconsistent, 

neighbouring items were consistent. 
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Figure 5 

The Test Phase of the Word Learning Task 

Note. All 8 objects from the learning phase are displayed surrounding a central point. 

2.4 Measures 

2.4.1 Receptive Vocabulary 

 Receptive vocabulary was measured using the Peabody Picture Vocabulary Test 

4th Edition (PPVT-4). In this task, participants chose which of four line-drawings best 
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matched the meaning of a spoken word. All participants began at the adult start point 

(item 157). The test administrator progressed through each item following that point 

according to the administration guidelines. Once a participant selects eight incorrect 

answers in a set of 12, that set is completed and the task is discontinued (Dunn, L., Dunn, 

D., & Pearson Assessments, 2007).  

Due to an error, an experimenter discontinued the task for 13 participants after 

they made eight incorrect responses but before the end of the 12-item set. PPVT-IV 

scores are calculated by subtracting the number of errors from the ceiling item. The 

ceiling item should be the last item administered and the last item in a set. Appendix H 

describes the PPVT-IV score calculation for participants affected by the error. Analysis 

of the data includes these participants. However, the relationship between PPVT-IV 

scores and attentional orientation did not change when these participants were excluded 

(Appendix H). 

2.4.2 Productive Vocabulary  

Two assessments from the fourth edition of the Wechsler Adult Intelligence Scale 

(WAIS-IV) evaluated productive vocabulary. In these tasks, individuals must produce 

verbal responses rather than selecting an answer in a forced-choice test.  

WAIS-IV Vocabulary Subtest. The Vocabulary subtest measures the ability to 

orally define words that are spoken aloud and visually displayed. Individuals are asked to 

explain what each word ’means’. Responses are scored on a scale from 0 to 2. A score of 

2 shows complete and accurate understanding, 1 shows partial understanding, and 0 

shows inaccurate understanding or lack of ability to respond. A score of 2 can be 



 

22 

 

achieved by providing a perfect synonym for a word. This subtest measures verbal 

concept formation, language development, and word knowledge (Weiss, 2010). The task 

requires long-term memory and reflects cultural and educational experiences. Standard 

prompting and discontinue criteria were used in the administration of this task and the 

WAIS-IV Similarities and Matrix Reasoning subtests (Wechsler, 2008).  

WAIS-IV Similarities Subtest. The Similarities subtest measures individuals’ 

ability to identify a relationship between two words. For each item in this task, 

individuals are asked to describe the way two words are alike. For example, “In what way 

are an epilogue and a sunset alike?”. Responses are evaluated using the same 0-2 scale as 

the Vocabulary subtest. In this task, a score of 2 shows a complete understanding of the 

similarity, 1 shows a partial understanding, and zero indicates an inaccurate 

understanding or no understanding of how the words are similar. Similar to the 

Vocabulary Subtest, this task measures verbal concept formation (Weiss, 2010). It also 

measures categorical thinking, abstract verbal reasoning, and the ability to distinguish 

between essential and non-essential features.  

2.5 Gaze Data 

Looking behaviour during the learning phase is parsed into two measures of 

interest, the proportion of looking time on target (versus alternate) for block 1 and 

attentional orientation. Both measures were calculated using fixation data generated by 

version 2.5.1 of the Clearview software (Tobii Technology, 2006a). The fixation data 

only included gaze points that were part of fixations that met the validity, duration, and 

proximity criteria described below.  
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Clearview generated validity codes ranging from 0 (most valid) to 4 (least valid) 

for each gaze point. Gaze points with validity scores of 0 and 1 were admissible as 

potential fixations. Scores of 0 indicate that the system recorded all relevant data for a 

given eye. Scores of 1 indicate that only data from 1 eye is available (see appendix G for 

a description of the excluded Clearview validity codes). However, Clearview can 

accurately determine whether this data is from the left or right eye and make assumptions 

to estimate the coordinates of the gaze point. If the gaze points for both eyes are valid, 

these scores were averaged to determine the coordinates of the gaze point on the x and y 

axes. If there was only one eye with valid gaze point coordinates, the x and y coordinates 

of this eye were used as the gaze point coordinates.  

Participants were excluded based on the number of timestamps in the learning 

phase for which they did not have valid gaze point data. Every 20ms, gaze point 

coordinates were either recorded or marked as missing. Gaze point coordinates were 

missing if Clearview could not determine a valid estimate of the gaze point. If more than 

12% of the total number of gaze points during the learning phase were missing, this 

participant was excluded. 

Gaze data was grouped into fixations based on proximity and duration. When a 

valid gaze point is followed by another valid gaze point within 30 pixels from it for a 

period of at least 100ms, this was considered a fixation. The fixation center is the average 

of gaze points in the fixation. The duration of fixations is the time from the first gaze 

point in the fixation to the last. Fixations were grouped based on whether they fell in 

areas of interest (AOIs) surrounding either objects at the onset of each word and in the 
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2000ms period following the onset of that word. (Figure 6 displays the AOIs in the 

learning phase.)  

Figure 6  

Degrees of Visual Angle of the Screen and the Areas of Interest 

 

For each word, one object was the target, and the other was the alternate. The 

target is the intended referent of the word, which always co-occurs with that word during 

the familiarization phase while the alternate is the referent of the other word. Attentional 

orientation and block 1 proportion of looking time on target were calculated from the 

fixation data.  

Figure 7 shows one participant’s fixations in the target and alternate areas of 

interest after the onset of the consistent and inconsistent words in a trial of the learning 

phase.  
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Figure 7 

Ordered Fixations Following a Consistent and Inconsistent Word 

Note. These fixations are visualized using the gaze point coordinates of the fixation 

surrounded by a radius of 30 pixels. The fixations are numbered based on their order 

following words 1 and 2. 

2.5.1 Attentional Orientation 

Attentional orientation measured the speed with which individuals shifted their 

gaze from the alternate to the target object after the onset of the target word. The 

individual in Figure 7 oriented their attention to the target of the consistent word on the 

third fixation and to the target of the inconsistent word on the fourth fixation. Consistent 

with past research examining the speed of gaze shifting, attentional orientation measured 

shifting from a fixation on the alternate object to the target object after the onset of the 

target word (Fernald et al., 1998, 2008; Lany, 2018; Law & Edwards, 2015). The speed 
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of shifting from one object to another is a well-established measure of implicit 

knowledge about word-referent pairs (Fernald et al., 1998, 2008; Lany, 2018; Law & 

Edwards, 2015). Attentional orientation is examined 100 ms after word onset because 

individuals direct their gaze based on incremental auditory information (Fernald et al., 

2001) as early as 100 ms after the onset of an auditory cue (Altmann, 2011). 

Attentional orientation is only measured on a subset of trials where individuals are 

fixated on the alternate at the onset of a word and shift to fixate on the target 100-2000ms 

after the onset of the word. Attentional orientation was averaged for inconsistent and 

consistent words. Individuals needed to make more than one switch per word type to be 

included in analyses using that word type. Both types of switching were log-transformed 

to reduce the skewness of the response distribution.  

2.5.2 Proportion of Looking Time on Target (Versus Alternate) 

The proportion of looking time on target is the proportion of time looking at the 

target of a word in the two seconds following the onset of that word compared to the 

looking time at the alternate during the same window. In this study, we will examine the 

proportion of looking time on target during block one of the learning phase to evaluate 

the influence of the familiarization phase. 

3 Results 

This section first presents the word learning, gaze behaviour, and vocabulary 

results. Then, the correlations between word learning, attentional orientation, and 

vocabulary will be presented.  
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Table 1 

 Descriptive Statistics for Word Learning, Switching, and Vocabulary 

Note. IW and CW Switch are rounded to the nearest millisecond as the eye tracker has a 

temporal resolution of 20ms.  

3.1 Cross-Situational Word Learning 

The mean number of words correctly identified in the test phase of the word 

learning task was 5.14 (SD = 2.25):  2.80 consistent words (SD =1.26) and 2.34 

inconsistent words (SD =1.34). A paired samples t-test showed that participants learned 

consistent words better than inconsistent words, t(64)  = 2.84 , p = .006. Figure 8 depicts 

the number of participants who earned a given number of correct answers for each item 

type during the test.  

 Consistent 
Words 
Learned 
(/4) 

Inconsistent 
Words 
Learned 
(/4) 

CW 
Switch 

IW 
Switch 

WAIS-IV 
Vocabulary 

WAIS-IV 
Similarities 

PPVT-IV 

M 2.80 2.34 700 
ms 

555ms 13.38 13.15 204.80 

SD 1.26 1.34 229 
ms 
 

177ms 2.09 2.76 9.13 
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Figure 8 

Test Scores for Consistent and Inconsistent Pairs 

 

3.2 Gaze Data 

Block 1 proportion of looking time on target and attentional orientation were both 

calculated from fixation data during the learning phase. Participants fixated an average of 

3.58 (SD =1.52) times during the period following a consistent word and 3.43 times 

during the period following an inconsistent word (SD = 1.51). Attentional orientation was 

composed of an average of 7.29 (SD = 3.09) eligible gaze shifts for consistent words and 

10.33 (SD = 5.34) eligible gaze shifts for inconsistent words per person. 

Throughout the learning phase, the proportion of time participants spent looking 

at the target compared to the alternate (M = .75, SD = .11) was significantly higher than 
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the chance level t(64) = 18.49, p = <.001. Appendix I shows one participant’s looking 

behaviour during the learning phase.  

3.2.1 Block 1 Proportion of Looking Time on Target  

Consistent Words. I used a one-sample t-test to compare the proportion of 

looking time on target (versus the alternate) to the chance level of .5, which would be 

expected if information from the familiarization did not influence looking behavior in the 

first block.  During the first block of the learning phase, the proportion of time 

participants spent looking at the target compared to the alternate for consistent words 

(M = .63, SD = .17) was significantly higher than the chance level t(64) = 6.01, p = 

<.001. Greater than chance looking at the referent of the consistent word following its 

onset indicates that the information from the familiarization phase affected behaviour in 

the learning phase.  

Inconsistent Words. In each trial during the first block of the learning phase, 

individuals have not seen the inconsistent word co-occur with either referent. However, 

they may still look at the target above the chance level if information about the first word 

influences their visual attention after the second word. I conducted a one-sample t-test to 

determine whether individuals looked more at the target of the second word more than 

50% of the time in the period after its onset. In the first block of the learning phase, 

individuals looked at the target of the inconsistent word (M = .61, SD =.19) significantly 

more than half the time t(65) = 4.88, p = <.001. Greater than chance looking at the 

referent of the consistent word following its onset indicates that the information from the 

familiarization phase affected behaviour in the learning phase.  
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3.2.2 Attentional Orientation   

I used a two-tailed Pearson correlation to determine whether there was a 

relationship between attentional orientation following consistent and inconsistent words.  

I expected that people who switched more quickly to look at the referent of consistent 

words would also be faster to look at the referents of inconsistent words. However, 

attentional orientation following consistent words was not significantly associated with 

attentional orientation following inconsistent words, r(56) = .18, p = .914.  

3.3 Vocabulary Measures 

I used a Pearson correlation to evaluate the relationships between the measures of 

vocabulary ability.  WAIS-IV Vocabulary scores were significantly associated with 

Similarities r(63) = .43, p <.001 and PPVT-IV Scores r(62) = .64, p < .001. Scores on the 

WAIS-IV Similarities task were significantly associated with PPVT-IV Scores r(62) = 

.33, p = .004. Thus, all vocabulary measures were correlated with each other.  

3.4 Relationships Between Learning, Switching, and Vocabulary Ability 

Faster processing should be associated with greater word learning and superior 

vocabulary ability. These directional hypotheses are supported by the robust literature on 

these relationships in other contexts and a pilot study using this paradigm (Snelling, 

2018). One-tailed tests are, thus, used to examine correlations in this section. Using a 

one-tailed approach is advantageous as the main effect of Snelling (2018) was a 

correlation of r = .34. As this result was found in a small sample, the confidence region 

for the true effect is relatively large. Even if the true effect is .30, a one-tailed test would 
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require 68 participants to find the effect 80% of the time. Using a one-tailed approach is 

therefore more likely to represent the true result given the number of participants in our 

sample. Table 2 shows the correlations between these vocabulary measures. I will 

describe the relationships between the word learning, attentional orientation, and 

vocabulary measures in the following three sections.  

Table 2  

One-Tailed Correlations Between Learning, Switching, and Vocabulary 

Variable 1 2 3 4 5 6 

       

1. Consistent 

Words Learned 
            

              

2.Inconsistent 

Words Learned 
.49*           

              

3. CW Switching -.26* -.08         

              

4. IW Switching -.42* -.42* .18       

              

5. PPVT-IV .35* .31* -.11 -.23*     

              

6. Vocabulary  .40* .25* -.17 -.21* .64*   

              

7. Similarities  .13 -.01 -.03 -.09 .33* .43* 

              

 

Note. * indicates p < .05.  

 

3.4.1 Word Learning and Attentional Orientation  

To determine whether the speed of attentional orientation following consistent 

and inconsistent words was associated with learning words of that type, I used a one-
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tailed Pearson correlation. Faster attentional orientation for consistent word was 

associated with better learning of consistent words r(56) = -.26,  p = .024. Faster 

attentional orientation for inconsistent words was associated with better learning of 

inconsistent words r(63) = -.42,  p < .001. Individuals who oriented more quickly to the 

target of both consistent and inconsistent words selected the target of that word type more 

accurately during the test phase of the Word Learning Task.  

3.4.2 Word Learning and Vocabulary Ability 

I evaluated whether individuals with more correct responses during the test had 

larger vocabularies using a one-tailed Pearson correlation. Individuals with better WAIS-

IV Vocabulary r(63) = .38, p < .001 and PPVT-IV r(62) = .38, p = .001 scores learned 

more words during the Word Learning Task.  

3.4.3 Attentional Orientation and Vocabulary Ability 

To examine whether attentional orientation following consistent and inconsistent 

words were associated with vocabulary abilities. I used a one-tailed Pearson correlation. 

Contrary to my expectations, CW Switching was not associated with any language 

measures and the WAIS-IV Similarities language measure was not associated with 

attentional orientation. IW Switching was negatively correlated with both WAIS-IV 

Vocabulary r(63)= -.21 p = .047 and PPVT-IV scores r(63) = -.23 p = .032. Thus, as 

expected faster switch time following the inconsistent word is associated with superior 

performance in these language measures. Figure 9 shows the relationship between 

attentional orientation for each word type and vocabulary scores.  
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Figure 9  

Relationships Between Vocabulary Ability and Attentional Orientation 

 
Note. Each point shows the scores on a given measure for one participant. Linear 

trendlines are surrounded by a shaded grey region denoting 95% confidence interval. * 

indicates p < .05.   
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4  Discussion 

Individuals who have larger vocabularies orient their attention more effectively 

during word recognition (Fernald et al., 2006) and when orientation is based on 

knowledge of alternatives and heuristics (Bion et al., 2013). Yet, research about the 

relationship between attentional orientation during word learning and vocabulary ability 

is limited. The present study aimed to contribute to this literature by measuring 

attentional orientation in adults who had accurate and inaccurate expectations before 

cross-situational word learning. 

The more rapidly individuals oriented to consistent and inconsistent referents, the 

better they retained word-object pairs of the corresponding type (Table 2). Additionally, 

individuals who oriented more quickly to the referents of inconsistent words had larger 

vocabularies, as measured by the PPVT-IV and the WAIS-IV Vocabulary subtest, but not 

the WAIS-IV Similarities subtest. I will discuss three main take-away points from these 

results. First, I will discuss the differences between the Similarities test and the other 

language tests to show how these differences and sampling constraints may have 

contributed to the lack of a significant relationship between the Similarities test and 

attentional orientation. I will then discuss the evidence that individuals disambiguate 

during the present word learning task; examining disambiguation of words that are 

equally novel, and that both previously co-occurred with objects, enables us to 

understand the kinds of inference adults are making when they disambiguate. Finally, I 

will discuss how the relationship between attentional orientation following inconsistent 

words and vocabulary fits with existing theories about language processing and use.  
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4.1 Attentional Orientation and Vocabulary Type 

Attentional orientation following the inconsistent word was associated with 

vocabulary ability as measured by the WAIS-IV Vocabulary and PPVT-IV tasks but not 

with the WAIS-IV Similarities task. This may be due to differences in the vocabulary 

abilities underlying each task. Another explanation is that this is due to the characteristics 

of our sample. I will address both these possible explanations in this section. 

The relationship between IW Switching, WAIS-IV Vocabulary, and PPVT-IV 

scores could occur because these vocabulary tasks more directly evaluate word 

knowledge than the Similarities task. Vocabulary tasks that involve defining the meaning 

of words may be more similar to the processes which underlie early word learning than 

when tasks involve more conceptual reasoning. The Similarities task measures abstract 

thinking, concept formation, and verbal reasoning. The Similarities task may, therefore, 

be more distinct from the PPVT-IV and Vocabulary tasks, which draw more heavily on 

appropriate word use, the retrieval of information from long-term memory, and cultural 

and educational experiences. Attentional orientation during word learning may be 

associated with the word knowledge components of vocabulary tests.  

Further, the sample may also not appropriately represent the true relationship with 

the similarities task. The vocabulary measures in our sample were less strongly correlated 

than they are in the population.  The sample may have not adequately captured all 

members of the population, restricting the range of the attentional orientation and 

Vocabulary measures. Most participants in this study were enrolled in post-secondary 

education. This means that the natural range of attentional reorientation and vocabulary 
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was limited as participants were more likely to have characteristics enabling successful 

university admission. Individuals with lower vocabularies and poorer online processing 

were likely not sufficiently represented in this sample. The restricted range could impact 

the data by reducing the strength of correlations and making it difficult to identify 

outliers.  

 The restricted range could have affected correlations among vocabulary measures 

and between the vocabulary measures, the measures of attentional orientation, and 

learning in the task. The vocabulary measures correlated less strongly with each other 

than expected based on previous research.  If the range of the sample was not restricted, 

then the stronger correlation between vocabulary scores present in the population would 

likely become apparent. The increased variability in language scores and the increased 

shared variation would likely mean more similar patterns of relationships between the 

vocabulary measures and attentional reorientation. It is therefore plausible that the lack of 

a relationship between similarities and attentional orientation is not representative of the 

full population.  

The Similarities measure appears to be particularly affected by the lack of 

sampling individuals with lower abilities. The Similarities measure is less normally 

distributed than both the PPVT-IV and the Vocabulary measure, indicated by measures of 

kurtosis and skew. There is a long tail of the distribution where individuals have lower 

scores and then the bulk of individuals who achieve similar scores. The similarities task 

does not appear to distinguish well between individuals in our sample, which is more 

similar than the overall population.    
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The lack of dispersion in our sample impacts our ability to identify outliers as 

anomalous, as they could represent meaningful variation. This is important as the 

outlying scores have a significant impact on the statistical significance of our results. 

Further sampling of individuals with lower vocabulary scores is thus required to extend 

the results to the general population. With a more representative sample, the relationships 

between vocabulary measures and attentional reorientation should become more accurate 

to the overall population.  

4.2 Disambiguation  

The present study provides evidence that individuals use the consistent word to 

disambiguate the referent of the inconsistent word, in turn suggesting that adults can use 

disambiguation to determine the target of words that previously occurred with a different 

object. As well as informing research on disambiguation, examining how individuals use 

the first word to learn the second word shows the processes that underlie gaze switching. 

Attentional orientation may capture both immediate disambiguation and increasing 

associative knowledge. This section will describe two pieces of evidence that individuals 

use the consistent word-object pair to determine the referent of the co-occurring 

inconsistent word. 

 First, during the first block of the learning phase, individuals look at the 

inconsistent object more than 50% of the time following the inconsistent word. As this 

word and object have never co-occurred, this effect must be due to individuals using their 

use knowledge of the consistent word to map the inconsistent word to the remaining 

referent. The greater than chance looking at the referent of the inconsistent word occurs 
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even though individuals had prior experience of this word with a different object.  

Second, there is a relationship between learning the consistent word and orienting 

following the inconsistent word. The strength of the association between consistent words 

and objects may impact the speed with which individuals disengage from the consistent 

referent and look to the inconsistent object after the onset of the inconsistent word.  

Attentional orientation following consistent words is not associated with the learning of 

inconsistent words (Table 2).  

Together, above chance looking at inconsistent items during the first block of the 

learning phase and the relationship between learning consistent words and orienting 

following inconsistent words suggests that individuals use their knowledge about the 

consistent word to attend to the referent of the inconsistent word following its onset. The 

above chance looking time at the inconsistent word in the learning phase shows that 

adults disambiguate using the consistent word despite only two exposures to the 

consistent pair and conflicting prior experience with the inconsistent word. This is 

important as it can inform existing theoretical disagreements about the relative 

contributions of novelty (Mervis & Bertrand, 1994) and mutual exclusivity (Markman et 

al., 2003) in disambiguation. In this study, both words are equally novel, and both have 

the same number of co-occurrences before a trial in the learning phase. Adults’ ability to 

disambiguate when both objects have labels and are familiar shows that disambiguation 

can occur when the cues about word-referent pairings are less clear. 
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4.3 IW Switching and Vocabulary Ability 

Faster attentional orientation following the inconsistent second word was 

associated with superior scores on the PPVT-IV and WAIS-IV Vocabulary measures. In 

the previous section, I suggested that disambiguation from the consistent objects 

contributed to the learning of the inconsistent objects. Another factor that may have 

contributed is the pruning of spurious associations in this task. McMurray (2012) showed 

that pruning spurious connections may be particularly important in determining 

processing speed and learning.  The relationship between attentional orientation 

following inconsistent words and vocabulary could be due, in part, to the effective 

suppression of the initial spurious associations. However, word order and processes such 

as disambiguation also likely contribute to the relationship between vocabulary and 

attentional orientation following inconsistent words. The relationship between IW 

switching and vocabulary is therefore not just due to inconsistency, but due to the 

multiple factors which influence attentional orientation in this context. 

The finding that attentional orientation and vocabulary are related in this context 

is important because experience with the to-be-learned words is equal between 

participants. That is, any differences in learning and processing are due to the 

participant’s abilities. Previous language experience may be responsible for greater 

associative learning abilities and faster attentional orientation, but the present study 

suggests that increased experience with the words used during attentional reorientation is 

not responsible for the relationship between processing and vocabulary.  While 

experience with words improves processing of those words (Diependaele et al., 2013; 
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Lany, 2018; Yap et al., 2009) and faster processing of familiar words leaves individuals 

better prepared to process, encode and retain novel words(Fernald & Marchman, 2012), 

the relationship between attentional orientation and vocabulary does not directly depend 

on different experiences with the words as experience with the words within the present 

task is equal for all participants. Instead, rich input likely develops the abilities to learn 

words efficiently as well as process them efficiently, and it is these individual differences 

that drive the relationship between attentional orientation and vocabulary in our task. The 

relationship between attentional orientation and vocabulary in this task thus shows that 

the relationship between these measures is not dependent on unequal experiences with the 

words in the task.  

4.4 Conclusions 

Overall, the present study has contributed to our understanding of whether the 

process of attentional orientation during a word-learning task -- in which some 

associations must be strengthened, and others must be pruned -- is associated with word 

learning and vocabulary. This research shows that adults successfully select the referents 

of inconsistent words using their knowledge of a competitor. Attentional orientation 

following consistent and inconsistent words is associated with learning words of the 

corresponding type. Inconsistent word attentional orientation is associated with 

productive and receptive vocabulary measures. There are four central conclusions about 

the subcomponents of vocabulary measures, the disambiguation bias, developmental 

continuity, and the experience-independent nature of the effects we find.  
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First, differences in the way tasks measure vocabulary abilities can help us to 

understand the generalizability of our effects and the cognitive architecture that underlies 

learning in our task. Our finding that IW switching is associated with a measure of 

productive and receptive vocabulary shows that IW switching may be more associated 

with the knowledge of words, than with a particular domain. The lack of relationship 

between IW switching and the Similarities task is likely due to a combination of sampling 

limitations and the task measuring aspects of vocabulary that are more distinct from IW 

switching than the vocabulary abilities measured by the PPVT-IV and WAIS Vocabulary 

tasks. This shows that despite being strongly associated, vocabulary measures do tap into 

different kinds of abilities. These differences may be magnified when a sample responds 

more similarly in a vocabulary task than the population as a whole. Understanding the 

particular components of vocabulary that are associated with attentional orientation 

measured in different tasks can help us to better pinpoint the similarities and differences 

in attentional orientation across contexts.  

 Second, this study shows that disambiguation is used to map words to referents 

based on relative certainty. Even when the referent of a word is inconsistent with 

previous experience with that word, adults still disambiguate more than would be 

expected by chance.  

Third, the results of this study show developmental continuity. The same 

relationship between attentional orientation and vocabulary is found in adults as is found 

in infants. The processes adults use to learn words across situations are related to both 

their word learning and overall vocabulary ability. The relationship between attentional 
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orientation in adult word-learning, their learning outcomes, and their vocabulary abilities 

is important because adults pick up a new language less fluently than young children 

(Johnson & Newport, 1989; Newport, 1990). The finding that adults with high 

vocabularies orient more quickly as they learn words supports the idea that language use 

and language learning are closely related and show a degree of developmental continuity 

(Christiansen & Chater, 2016; McMurray et al., 2012; Xu & Tenenbaum, 2007).  

 Finally, finding a relationship between attentional orientation in a word-learning 

task and vocabulary shows that attentional orientation measured in a context where 

everyone receives the same input is still related to vocabulary. This shows that attentional 

orientation is independently related to vocabulary. Together, these four contributions 

show the importance of developing well-specified accounts of language processing 

during both the task and language measures. Collectively, the findings of this study 

broaden our understanding of the experience independent and developmentally 

continuous nature of the relationship between attentional orientation and vocabulary.  
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Appendix C: Letter of Information, Consent, and Debriefing Forms 

LETTER OF INFORMATION & CONSENT: Language Learning 

Stanka A. Fitneva Ph.D. 

Department of Psychology, Queen’s University 

 

NAME OF PARTICIPANT (please print): ____________________________________ 

 

THE STUDY: I have been asked to participate in a study examining language learning. In this 

study, I will be asked to learn a made-up language which involves listening to some words and 

viewing images. I understand that then my knowledge will be tested. I understand that my eye 

movements will be also recorded. After the language task, I will complete some intelligence 

tasks. I understand that I can choose to not answer any question at any time. This experiment will 

take approximately 50 min in total. 

 

RISKS: This study does not present any psychological, physical, economic, or social risks for 

participants 

 

BENEFITS: I will receive 1 credit towards a Psychology course through the Queen’s University 

Psychology participant pool or chocolate for my participation. I will also have the opportunity to 

learn more about psycholinguistics and psychological research.  

 

CONFIDENTIALITY: I understand that information gathered from this study will be kept 

confidential and anonymous and will be stored in locked cabinets and password protected 

computers in Dr. Fitneva’s lab. I understand that the information gathered from this experiment 

may be used in multiple analyses related to psycholinguistic questions and I heareby authorize 

such use. I also understanding that for scientific purposes, the data from this study may be shared 

with other researchers interested in language learning. Should this happen, or should the results of 

this study be published or presented at scientific conferences, I understand that neither my name 

nor any other identifying information would be revealed.  

 

IF I HAVE QUESTIONS: Any questions about study participation may be directed to the Dr. 

Stanka Fitneva at 613-533-2363 or fitneva@queensu.ca. Any ethical concerns about the study 

may be directed to the General Research Ethics Board at 1-844-535-2988 (Toll free in North 

America) or Chair.GREB@queensu.ca.  

 

VOLUNTARY PARTICIPATION: By signing below, I indicate that I have read this Letter of 

Information and Consent Form and understand the nature of this study. In addition, the 

experimenter has answered my questions satisfactorily. I know that I may refuse to answer any 

questions or discontinue my involvement at any time without penalty. My signature below 

indicates that I have read the information in this form and consent to participate in this study 

voluntarily. 

 

_____________________________________  ________________________ 

SIGNATURE OF PARTICIPANT    DATE 

mailto:Chair.GREB@queensu.ca
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Debriefing Form 

 

Dear Participant,  

 

Thank you for taking part in this experiment!  

 

The goal of the project is to explore a series of hypotheses about word learning. In 

particular, it has been shown that language learners form quick associations between 

words and referents. We are interested in how the accuracy of these initial associations 

influences the eventual learning of the correct associations. Although it may seem 

plausible that the less accurate one is at the beginning the more difficult it is to learn, 

there are also reasons to believe the opposite: the experience of difficulty upon the 

conscious or unconscious discovery of the initial errors may lead to stronger and more 

efficient learning. The additional tasks you performed may help explain some of the 

variability in people’s language learning skills. 

 

Participating in research can help achieve the pedagogical objectives of psychology 

courses by providing insight into psychological research as it is practiced in academia 

(Rosell et al., 2005). As further reading, we recommend accessing some of the following 

sources: 

 

Pinker, S. (1994). The language instinct. New York: W. Morrow and Co. 

 

Golinkoff, R. M., & Hirsh-Pasek, K. (2006). Baby Wordsmith: From associationist 

to social sophisticate. Current Directions in Psychological Science, 15(1), 30-33. 

 

Oppenheimer, D. M. (2008). The secret life of fluency. Trends in Cognitive 

Sciences, 12, 237-241. 

 

If you have questions about a particular aspect of the study you’ve participated in, please 

ask the experimenter now or contact us later. Any questions about study participation 

may be directed to Dr. Stanka Fitneva at fitneva@queensu.ca, phone number: 613-533-

2363. Any ethical concerns about the study may be directed to the Chair of the General 

Research Ethics Board at chair.GREB@queensu.ca or 613-533-6081. 

 

We look forward to seeing you in other studies of the Language and Cognition lab! 

 

Date: _________________             Study: Detective 
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Appendix D: Language Background Form 

LANGUAGE/ BACKGROUND INFORMATION: 

 

1. Gender:                                                      Date of Birth: month _______ / year _______ 

 

3. Which is your dominant hand (circle one)?  Left  Right 

 

4. What is your native language? (If you grew up with more than one language, please specify) 

 

________________________________________________ 

 

5. Do you speak another language(s)?  

 

 __YES   please list:  _________________________________________________ 

__NO    (If you answered NO, please go to Question # 10) 

 

6. List all languages you know/have studied in the first column of the table below. Then answer 

the following questions in the columns: 

a) Write down the age when you began learning each language. 

 

b) & c.) Rate your reading/writing proficiency and conversational fluency in each 

language.  

Please rate according to the following scale (write down the number in the table): 

4 = Very Fluent: Can live and work in this language 

3 = Fluent: Can converse/read/write comfortably, rarely making errors with 

grammar or words.  

2 = Fair: Can maintain a conversation/ read/write simple text, though grammar 

rules and specialized words have not been mastered 

1 = Slight: Can understand simple questions or statements 

 

d) Considering the last couple of months, how much you use each language in your daily 

activities (home, work, school, reading and entertainment, communication with family and 

friends, etc.)? For example, you may say you use English 99% and French 1% of the time. Your 

estimates should add up to 100%. 

 

Language a) Age you Began 

Learning it 

b) Reading/Writing 

Proficiency 

 

c) Conversational 

Fluency (speaking & 

listening) 

d) Activity 
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             Total 

= 100% 

7.  What language did your mother speak at home? ___________________ 

What language did your father speak at home?   ___________________ 

 
8. What language were you instructed in at school?  

Preschool: ______________________Elementary School:        

High School:      College/University:      

 

9. If you have lived or traveled in other countries for more than a three-month stay, please 

indicate the name(s) of the country or countries, your length of stay, and the language(s) you 

learned or tried to learn.  

 

10. Have you ever had: 

___ speech or hearing impairment ___ language disability ___ learning disability 

 

Please explain: _______________________________________________________________ 

 

11. Have you ever been diagnosed with a condition which hinders your vision? If so, please 

describe the conditions and measures used to correct (ex. Nearsighted, corrected with contacts) 

 

Yes/No 

 

Please explain: _______________________________________________________________ 

 

12.    How many hours of sleep did you get last night (approximately)? ____ 

  

13.    Please rate how rested you feel on a scale from 1 (exhausted) to 7 (extremely rested and 

alert) ___ 

  

14.    Please rate how stressed you feel on a scale from 1 (not stressed at all) to 7 (extremely 

stressed) _ 

  

15.    In the present moment are you: Happy, Neutral, Sad (Circle One)  

  

16.    Have you consumed coffee or any other caffeinated beverages today? Yes / No 

   If yes: how many caffeinated beverages have you consumed today? ___  

  

17.    Did you consume any alcoholic beverages last night? Yes / No 

  If yes: how many alcoholic beverages did you consume last night? ____ 

  

18.    Are you currently experiencing symptoms consistent with a hangover? Yes / No 

  

19. Have you consumed any alcoholic beverages today? 

  If yes: how many alcoholic beverages have you consumed today? ____ 

  

20. Have you used any recreational drugs in the past 6 hours? Yes / No 
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Appendix E: Word Learning Task Stimuli 

Words 

Zild  Vaps Dwig Chep 

Kalz Glick Lin Fleg 

Tev Shas Nost Raf 

 

Objects
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Appendix F: Procedure Script 

Introduction: “This study is looking at how individuals learn language. Here we have a 

consent form which has a more detailed description of the study. 

Adult Calibration: (Make sure you’re on the “Clearview” computer screen *) 

“Please put your face in this window with your chin on the chin rest and your forehead on 

the rest up here. Try to get as comfortable as you can so you don’t have to move once we 

calibrate the eye-tracker. We will only be using the eye-tracker for a few minutes.” 

Once the window is green: “Okay, now we’re ready to begin calibration. You will see 

some blue dots on the screen. Try to follow them with your eyes while not moving your 

head.” 

 

1. Detective (Switch to the “E-prime” computer screen, Start the experiment) 

 

Calibration: “This is the calibration phase. Please read the instructions and let me know 

when you’re ready to begin.” 

Click on the recording under stimuli on the left of the screen, then hit record. You will 

know it’s recording when the three palm trees appear on the Clear view computer. 

Learning: “In this part of the study you will be learning some new words. Read the 

instructions and let me know when you’re ready to begin” 

****5-minute BREAK**** 

“Now you’ll have a break to fill out the language background form, after the break we’ll 

see how many words you can remember!” Remove headrest, set up Stroop box and 

mouse while they fill out the language background form. 

**** Once the sound goes ***** 

“Now we are just going to see how much you remember from before the break. Read the 

instructions and let me know if you have any questions.”  

-> If they are confused, move them to the next page and talk them through the procedure: 

“When you’re ready to hear a word click the black button. Then move your mouse to 

click the object that you think it names.”  

 

2. Stroop  

“Read the instructions and let me know when you’re ready to begin”  

Before they start: Reiterate how the task works: “In this task you’ll be identifying the 

colour of the letters, not the word they are spelling, hit any button on the box to try an 

example.” 

“Which button did you press?” 

Correct (Red): “That’s right, red refers to the colour the letters are, not the word they 

spell.”  

You can try the real task now, try to respond as quickly and accurately as possible to the 

colour of the text. Press any button when you’re ready to start!” 

Incorrect (Yellow): “That’s not how we do this task. In this task you should respond to 

the colour of the letters, not the word they spell. You can try the real task now, respond as 
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quickly and accurately as possible to the colour of the text. Press any button when you’re 

ready to start!” 

 

3. CogState 

* TURN DOWN VOLUME OF COMPUTER so that the volume dial is parallel with 

desk* 

“We will now do two separate computer tasks. Each will have a practice period and 

instructions. 

Ensure they practice pressing both mouse buttons! Remind them “You will need to 

remember which button is yes and no” 

When going through the instructions: hit the enter button on the keyboard, rather than 

letting the participant click so they don’t start before you’re ready. During practice: you 

should watch and listen to make sure that the participant is responding correctly. If they 

are making errors, you should come around the curtain and correct. (ex. Confirm they are 

clicking the right buttons, not clicking before they see a card). If they start before you 

have finished the instructions provide the information at the break before the test.  You 

should not correct during the test. 

DETECTION TASK: HAS THE CARD TURNED OVER? 

Practice:  

“Read the instructions and let me know when you’re ready to begin” 

After they are ready say: "You will hear a sound whether your answer is right or wrong 

so don’t be worried if the computer is making a sound.” 

 Real Task   

“You are now going to do the real test. Do you have any questions? (Press ENTER to 

begin.)” 

ONE BACK TASK:     IS THE PREVIOUS CARD THE SAME?  

Practice: 

“This is the final task on the computer. Read the instructions and let me know when 

you’re ready to begin”  

Before they start: “The answer to the first question is no because there is no card before, 

after that you will be seeing if the next card is the same and responding accordingly.”  

Real Task  

“You are now going to do the real test. Do you have any questions? (Press ENTER to 

begin.)” 

End of Cog State: “Okay, now we have some tasks in the other room for you to try!” 

 

In-Person Tasks 

Order: 1. = Similarities, vocabulary, matrix, PPVT-IV 2. = PPVT, Matrix, Similarities, 

Vocabulary 

“Task introduction from WAIS-IV administration manual (not included due to 

copywrite” 

 

 

4. Similarities  – WAIS-IV                                                                     
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Task administered according to administration manual (not included due to copywrite) 

 

5. Vocabulary – WAIS-IV                                                                    

Task administered according to administration manual (not included due to copywrite) 

 

7. Matrix reasoning                                                                     

Task administered according to administration manual (not included due to copywrite) 

 

8. PPVT 

Task administered according to administration manual (not included due to copywrite) 

 

Conclusion: “Thank you for participating! Here is our debriefing form. You can read this 

and take it with you if you want! Do you have any questions about anything we did 

today? Answer questions/ direct them to Kat (k.snelling@queensu.ca) for more info. We 

will give you 1 credit by the end of the day!” 
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Appendix G: Gaze Point Validity 

Tobii technology (2006b) provides the following information about the 

interpretation of the validity codes in the gaze output files: 

The meaning of validity codes  

The TET Server provides validity codes for each eye with every gaze data 

point. The validity code is a measure of the systems certainty that it has 

recorded the correct data.  

The validity code ranges from 0 to 4, with the following interpretations for each 

value:  

0 The system is certain that it has recorded all relevant data for the 

particular eye, and that the data recorded belongs to the particular eye 

(no risk of confusing left eye with right eye by the system).  

1 The system has only recorded one eye, and has made some 

assumptions and estimations regarding if the recorded eye is left or 

right. However, it is still highly probable that the estimations done are 

correct. The validity code on the other eye is in this case always set to 3.  

2 The system has only recorded one eye, and has no way of determining 

if this is the left or the right eye.  

3 The system is fairly confident that the actual gaze data is actually 

incorrect or corrupted. The other eye will always have validity code 1.  

4 The actual gaze data is missing or definitely incorrect. A couple of 

gaze data with validity code 4 on both eyes, followed by a number of 

gaze data with validity code 0 on both eyes, are usually a sure sign of a 

blink.  

It is recommended that the validity codes are always used for data filtering, to 

remove data points which are obviously in-correct. For most studies, we 

recommend removing all data points with a validity code of 2 or higher. (p.17) 
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Appendix H: PPVT-IV Administration Error 

 

The participants affected by the administration error were responding below the 

level of chance in their final set. A participant responding at the chance level would guess 

1/4 items correctly. To calculate the ceiling for participants affected by the administration 

error, I added .25 for each item not administered to the number of the last question. For 

example, for one participant, the PPVT-IV should have been discontinued after item 216. 

Instead, the experimenter ended the task when they made eight incorrect responses after 

item 214. The ceiling for this participant was 214 plus .5 for the two items missed. The 

number of errors (23) subtracted from the ceiling resulted in a final score of 191.5 for this 

participant. 

 Correcting the ceiling to account for unadministered items allows for an unbiased 

comparison between participants affected by the error and those who were not. Excluding 

the PPVT-IV scores of participants affected by the error did not affect the significance of 

the relationships between attentional orientation and PPVT-IV scores. A one-tailed 

Pearson correlation examining only the participants with correct PPVT-IV administration 

showed that PPVT-IV scores were not significantly associated with CW switching but 

were significantly associated with IW switching r(48)= -.27 p = .03. 
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Appendix I: Looking Time at the Target and Alternate  

Looking time is calculated from fixations on the target or the alternate during the 

2000 ms period following each word. The gaze point coordinates of fixations are grouped 

into 30-pixel hexagonal bins. The number of milliseconds of looking within each bin 

determines its colour.  
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