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Abstract 

The goal of the current work was to develop and validate web-based measures for 

assessing English vocabulary knowledge. Two existing paper-and-pencil assessments, the 

Vocabulary Size Test (VST) and the Word Familiarity Test (WordFAM), were modified for 

web-based administration. In Experiment 1, participants (n = 100) completed the web-based 

VST. In Experiment 2, participants (n = 100) completed the web-based WordFAM. Results from 

these experiments confirmed that both tasks (1) could be completed online, (2) showed expected 

sensitivity to English frequency patterns, (3) exhibited high internal consistency, and (4) showed 

an expected range of item discrimination scores, with low frequency items exhibiting higher item 

discrimination scores compared to high frequency items. This work provides open-source 

English vocabulary knowledge assessments with normative data that researchers can use to foster 

high quality data collection in web-based environments. 
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1 Introduction 

Reliable, valid measures of language proficiency are useful in both the clinical and 

research domains. In the research domain, measures of language proficiency can serve to 

describe a sample, group participants based on a given proficiency, or be used to examine 

individual differences in performance. Vocabulary is one aspect of language proficiency (Bleses 

et al., 2016; Bloom, 2002; Irwin et al., 2002; Landi, 2010; Mancilla-Martinez et al., 2014; Snow 

& Kim, 2007; Wasik et al., 2016) that has been associated with other cognitive skills, including 

phonological working memory, lexical access, language comprehension, and perceptual learning 

(Colby et al., 2018; Gathercole & Baddeley, 1993; Giovannone & Theodore, 2021; Lewellen et 

al., 1993; Rotman et al., 2020; Tamati & Pisoni, 2014; Theodore et al., 2019). 

Standardized assessments exist to measure vocabulary proficiency (e.g., Dunn & Dunn, 

1997; Wiig et al., 2013; Williams, 1997). These assessments provide critical tools for clinicians 

and researchers alike; however, they are not without limitations. For example, standardized 

assessments often require substantial training and/or a specialized degree for administration 

(Wiig et al., 2013), they can be long in duration (Dunn & Dunn, 1997; Wiig et al., 2013; 

Williams, 1997), and most are licensed by for-profit companies, which introduces a financial 

barrier to their use. In addition, most standardized assessments are designed to be administered 

in-person, with the administrator and participant in a shared physical space, which may be 

viewed as a limitation due to safety concerns stemming from the COVID-19 pandemic and 

geographical considerations that potentially limit access to research participation for individuals 

who reside in underserved areas. 

Web-based technologies have the potential to address some of these limitations (e.g., 

Anwyl-Irvine et al., 2020; Palan & Schitter, 2018). However, remote administration of existing 
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standardized vocabulary assessments is often not possible due to the identified training and 

financial barriers. Moreover, not all existing vocabulary assessments transfer well to a web-based 

format, particularly for researchers who use these assessments for non-clinical purposes. Though 

new tools for web-based research show strong promise, some challenges remain, particularly for 

research that draws on anonymous participant pools (Godinho et al., 2020; Griffin et al., 2021; 

Palan & Schitter, 2018; Storozuk et al., 2020). For example, web-based research methods afford 

the possibility of automated enrollment in online studies by software applications, known as 

“bots,” which pose a threat to data integrity (Godinho et al., 2020; Griffin et al., 2021; Storozuk 

et al., 2020). Even when an actual human may be completing a web-based study, concerns may 

remain regarding whether self-reported demographic information is accurate. For 

psycholinguistics research, language experience and proficiency are often foundational 

characteristics of the participant sample that are needed to interpret research findings. In 

principle, standardized assessments of vocabulary knowledge could provide researchers with a 

means to verify self-reported language proficiency. For the reasons described above, however, 

existing standardized assessments are not ideal for this purpose. 

In this context, the goal of the current work was to develop and validate two web-based 

measures that assess English vocabulary knowledge. To be explicit, we did not aim to develop a 

comprehensive replacement for existing standardized assessments. Instead, we aimed to meet 

three criteria for each measure. First, the assessment should be openly available for free and 

public re-use in the research domain. Second, the assessment should be fast and easy to complete 

without requiring real-time interaction between a participant and a researcher. Third, the 

assessment should yield acceptable psychometric properties indicative of reliable and valid 

vocabulary assessment. To meet this goal, we developed web-based versions of two existing 



 6 

paper-and-pencil assessments, the Vocabulary Size Test (Beglar & Nation, 2007) and the Word 

Familiarity Test (Lewellen et al., 1993; Pisoni, 2007), and then submitted the web-based versions 

to validation testing. Below we describe each assessment in turn, and then introduce the 

validation testing executed in the current work. 

The Vocabulary Size Test (VST; Beglar & Nation, 2007) is a multiple-choice test 

designed to estimate an individual’s English vocabulary size (Beglar, 2010; Beglar & Nation, 

2007; Coxhead, 2016; Coxhead et al., 2015). The VST has numerous forms, including versions 

of various lengths for use with monolingual and bilingual individuals (Beglar & Nation, 2007; 

Coxhead et al., 2014, 2015). The current work adapted Form A of the 20,000 word families VST, 

available at https://www.wgtn.ac.nz/lals/resources/paul-nations-resources/vocabulary-tests/the-

vocabulary-size-test/VST-version-A.pdf (Nation, 2012). This VST consists of 100 multiple-

choice items that assess vocabulary from the twenty most frequent word families as they occur in 

the British National Corpus (Bauer & Nation, 1993). Each family consists of 1000 words, and 

five words from each of 20 families are presented. The first family represents the most frequent 

1000 words in the corpus, the second family represents the second most frequent 1000 words in 

the corpus, and so on to the twentieth family. In the paper-and-pencil version of the assessment, 

each word is presented in a neutral sentential context (e.g., cabaret: We saw the cabaret) 

followed by four response options (e.g., painting covering a whole wall; song and dance 

performance; small crawling creature; person who is half fish, half woman). Participants are 

directed to circle the option that best defines the target word. 

 The Word Familiarity Test (WordFAM; Lewellen et al., 1993; Pisoni, 2007) is a 

subjective word familiarity rating questionnaire. The WordFAM was developed based on 

normative data in the Hoosier mental lexicon corpus (Nusbaum et al., 1984). This corpus 
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consists of word familiarity ratings for 19,750 English words that reflect a wide range of lexical 

frequencies. A total of 600 participants provided ratings for this corpus, with each subject 

providing ratings for 395 words. The rating scale ranged between 1 and 7, with 1 corresponding 

to “You have never seen or heard this word before” and 7 corresponding to “You recognize the 

word and are confident that you know the meaning of the word.” The normative data in this 

corpus consist of the mean familiarity rating for each word as derived by collapsing across the 12 

unique participants who rated each word. Using the Hoosier mental lexicon corpus, the 

WordFAM was developed to sample 150 words from the corpus that span a wide range of 

normative familiarity ratings. Specifically, 50 items were selected to represent low, medium, and 

high frequency words. The paper-and-pencil version of the WordFAM lists 150 words (in a 

single randomized order) next to the digits one through seven. Participants are asked to rate their 

familiarity with each word by circling the appropriate digit corresponding to the provided rating 

scale. 

 In some ways, the VST and WordFAM assessments are particularly well-suited for the 

current goal. Specifically, both tests are currently open access, do not require advanced training 

to administer or interpret, lend themselves well to self-guided completion, and use a lexical 

frequency manipulation to assess breadth of vocabulary knowledge. Critically, past research 

provides some evidence to suggest that these assessments are reliable and valid measures of 

vocabulary knowledge (Beglar, 2010; Coxhead et al., 2014; Lewellen et al., 1993; Nusbaum et 

al., 1984; Tamati & Pisoni, 2014). For example, a Rasch analysis of the 14,000 word families 

VST showed that most assessment items showed strong measurement invariance and a good fit 

to the Rasch model (Beglar, 2010). In addition, Lewellen and colleagues (1993) observed a 

strong association (r = 0.72) between performance on the WordFAM and a standardized 
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assessment of vocabulary (the vocabulary subtest from the Nelson-Denny Reading Test; Nelson 

& Denny, 1960) in a sample of 70 participants, suggesting high construct validity for WordFAM. 

Moreover, the differences between the VST and WordFAM make these assessments ripe for 

joint consideration. That is, though both measures assess vocabulary knowledge, they do so in 

different ways. The VST is a closed-choice test with objectively correct answers, whereas the 

WordFAM elicits a subjective measure of perceived word familiarity. Together, these two 

vocabulary measures can provide a picture of an individual’s vocabulary knowledge through 

both an objective and subjective lens. 

 However, the utility of the VST and the WordFAM could be enhanced through a better 

understanding of the psychometric characteristics of each assessment in addition to a formal 

validation of web-based administration. To this end, two experiments were conducted. 

Experiment 1 tested participants (n = 100) on a web-based administration of the VST and 

Experiment 2 tested a different group of participants (n = 100) on a web-based administration of 

the WordFAM. In both experiments, analyses were conducted to characterize select 

psychometric characteristics of each assessment to gauge the suitability of each measure for 

web-based testing platforms.  

2 Description of Supplementary Materials 

Four Supplementary Materials are provided. First, all experimental tasks described below 

are available to preview and clone for re-use in Gorilla Open Materials 

(https://app.gorilla.sc/openmaterials/245615). Second, additional methodological information 

and analysis results are available in the “SupplementaryMaterials-MethodsResults-

Longform.pdf” document. Third, the “SupplementaryMaterials-NormativeData-Longform.pdf” 

document provides (1) comprehensive demographic characteristics of all participant samples 
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including race, ethnicity, and self-reported dialect, (2) figures illustrating performance for each 

individual participant, and (3) a complete report of normative data for each item in each 

assessment. Fourth, a repository that contains trial-level data, analysis code, and materials for all 

experiments is available at https://osf.io/pcsu6/. 

3 Experiment 1 

3.1 Methods 

3.1.1 Participants 

Participants (n = 100; 47 men, 53 women) were recruited from the Prolific participant 

pool (https://www.prolific.co; Palan & Schitter, 2018). The inclusion criteria were monolingual 

English speaker, born in the United States, currently residing in the United States, between 18 

and 35 years of age, and no history of language-related disorders. 

3.1.2. Stimuli 

Stimuli consisted of the 100 items on Form A of the monolingual (20,000) version of the 

VST (available at https://www.wgtn.ac.nz/lals/resources/paul-nations-resources/vocabulary-

tests/the-vocabulary-size-test/VST-version-A.pdf; Nation, 2012). Each item consists of a 

semantically-neutral prompt (e.g., veer: The car veered) and four response options (e.g., moved 

shakily, changed course, made a very loud noise, slid without the wheels turning). The items 

sample five English words from each of 20 frequency categories that range from extremely high 

frequency items (e.g., see) to extremely low frequency items (e.g., sagacious). The 20 frequency 

categories of the VST are coded as groups that range from 1,000 (lowest frequency items) to 

20,000 (highest frequency items) in 1,000 unit bins.  

3.1.3 Procedure 

All experiments reported in this manuscript were programmed using Gorilla Experiment 
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Builder (https://gorilla.sc; Anwyl-Irvine et al., 2020), which was also used to control online data 

collection. A visual display was presented on each trial. The item prompt appeared at the top of 

the display, the four response options appeared as clickable buttons in the middle of the display, 

and a progress bar appeared at the bottom of the display. On each trial, participants selected 

which of the four response options best defined the word shown in the item prompt. A response 

was required on every trial and participants were encouraged to guess if they were unsure. 

Participants each completed 100 trials, reflecting one unique randomization of the 100 test items. 

The ISI was 500 ms, timed from the participant’s response. Participants were compensated 

$1.67, reflecting an estimated completion time of 10 minutes. 

3.2 Results 

3.2.1 Accuracy and completion time 

Accuracy (mean proportion correct) and completion time were calculated for each 

participant; which is shown in Figure 1A. Mean accuracy across participants was relatively high 

(0.79, SD = 0.08; range = 0.60 – 1.00), mean completion time was 11 minutes (SD = 4 minutes), 

and there was no evidence to suggest a speed-accuracy tradeoff (r = 0.03, p = 0.799). 

3.2.2 Accuracy by frequency bin 

Recall that the VST was designed to present five items from each of 20 frequency groups. 

If the frequency norms used to develop the VST reflect current word usage, then we should 

observe a relationship between accuracy and frequency group. To promote more direct 

comparison to the WordFAM assessment, which is arranged into low, medium, and high 

frequency bins, the 20 frequency groups were each assigned to one of four frequency bins that 

consisted of successive groupings of five consecutive frequency groups. Accuracy scores for 

each frequency bin are shown in Figure 1B both by subjects and by items. Though visual  
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Figure 1. Results of the VST examined in Experiment 1. Panel A shows the boxplot distribution 
of accuracy (proportion correct) and completion time across participants, and their relationship. 
Panel B shows the accuracy boxplot distributions for each frequency bin by subjects (left) and by 
items (right). Panel C shows split-half reliability for accuracy in the aggregate (left) and by 
frequency bin (right). Individual points show by-subject means; functions indicate the line of 
best fit, and the shaded region indicates the 95% confidence interval for the line of best fit. 
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inspection suggests a monotonic increase in accuracy across the four frequency bins, statistical 

analysis (presented in the Supplementary Materials) showed no significant change in accuracy 

between the low and mid-low bins, with monotonic improvement in accuracy from the mid-low 

bin to the mid-high bin and from the mid-high bin to the high frequency bin. 

3.2.3 Internal consistency 

Cronbach’s alpha was high (a = 0.85, 95% CI = 0.81 – 0.88). As a second measure of 

internal consistency, split-half reliability was determined by first calculating mean proportion 

correct for each participant separately for odd- and even-numbered items, which we refer to as 

the A and B items, respectively. In the paper version of the VST, items are numbered 

consecutively (i.e., 1 – 100) across ascending frequency groups. As such, making a split based on 

odd vs. even item numbers yields equal frequency representation between the two halves. Figure 

1C shows the association between accuracy on the A and B items in the aggregate and by 

frequency bin. In the aggregate, the VST yielded high split-half reliability (r = 0.76, p < 0.001). 

Split-half reliability was variable across the frequency bins, with numerically higher split-half 

reliability for the low (r = 0.56, p < 0.001) and mid-low (r = 0.47, p < 0.001) bins compared to 

the mid-high (r = 0.35, p < 0.001) and high (r = 0.27, p = 0.006) frequency bins. 

3.2.4 Item discrimination analysis 

The point-biserial coefficient was calculated for each item to determine the association 

between performance on each individual item and performance on all other items. For example, 

for item 1, the point-biserial correlation was calculated to determine the association between 

binary performance on item 1 (i.e., 0 = incorrect, 1 = correct) and the sum of correct responses 

across items 2 – 99. Seventeen (of 100) items showed uniform ceiling performance across all 100 

participants and thus the point-biserial correlation could not be calculated. For the remaining 83 
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items, the mean point-biserial correlation across items was 0.23 (SD = 0.12, median = 0.24), with 

49 items showing r ³ 0.20 (a common criterion for acceptable item discrimination; e.g., 

McGahee & Ball, 2009). As shown in Figure 2, items in lower frequency bins tended to have 

higher point-biserial correlations than items in higher frequency bins. 

Figure 2: Results of 
the item discrimination 
analysis for the VST 
examined in 
Experiment 1. The plot 
shows the distribution 
of point-biserial 
correlations obtained 
across VST items, with 
color used to mark the 
lexical frequency bin 
of each item. The 
vertical dashed line 
marks r = 0.20, which is one criterion used to indicate an acceptable item discrimination 
coefficient. 

4 Experiment 2 

4.1 Methods 

4.1.1 Participants 

A different sample of participants (n = 100; 48 men, 51 women, one participant who 

declined to report gender) was recruited from the Prolific participant pool following the inclusion 

criteria described for Experiment 1. 

4.1.2 Stimuli 

Stimuli consisted of the 150 items on the Word Familiarity Test (WordFAM; Lewellen et 

al., 1993; Pisoni, 2007). Each item is a single word. Items sample a wide range of English lexical 

frequencies, with 50 items in each of three frequency categories: low (e.g., inrush), medium 

(e.g., undulant), and high (e.g., mother). 
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4.1.3 Procedure 

A visual array was presented on each trial. The Likert scale (shown in Table 1) was 

presented at the top of the display, the word appeared in the middle of the display, the Likert 

scale response options appeared as clickable buttons beneath the word, and a progress bar 

appeared at the bottom of the array. On each trial, participants rated their familiarity with the 

word according to the provided scale. A response was required on every trial and participants 

were encouraged to guess if they were unsure. Participants completed 150 trials, reflecting one 

unique randomization of the 150 test items. The ISI was 500 ms, timed from the participant’s 

response. Participants were compensated with $2.50, reflecting an estimated completion time of 

15 minutes. 

Table 1: Likert scale used to elicit familiarity ratings for the WordFAM assessment. 
Rating Reference 

1 You have never seen or heard the word before. 

2 You think that you might have seen or heard the word before. 

3 You are pretty sure that you have seen or heard the word but you are not positive. 

4 You recognize the word as one you have seen or heard before, but you don’t know 
the meaning of the word. 

5 You are certain that you have seen the word but you only have a vague idea of its 
meaning. 

6 You think you know the meaning of the word but are not certain that the meaning 
you know is correct. 

7 You recognize the word and are confident that you know the meaning of the word. 

 

4.2 Results 

4.2.1 Mean rating and completion time 

Mean familiarity rating and completion time were calculated for each participant. As 

shown in Figure 3A, the mean rating across participants was at the center of the Likert scale (4.2,  
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Figure 3: Results of the WordFAM test examined in Experiment 2. Panel A shows the boxplot 
distribution of mean ratings and completion time across participants, and their relationship. Panel 
B shows the rating boxplot distributions for each frequency bin by subjects (left) and by items 
(right). Panel C shows split-half reliability for mean ratings in the aggregate (left) and by 
frequency bin (right). Individual points show by-subject means; functions indicate the line of 
best fit, and the shaded region indicates the 95% confidence interval for the line of best fit. 
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SD = 0.8; range = 2.5 – 6.0) and mean completion time was 7 minutes (SD = 4 minutes). There 

was no evidence to suggest an association between participants’ mean ratings and completion 

times (r = -0.15, p = 0.138); this relationship was further attenuated when the two participants 

exceeding completion times of 20 minutes were excluded (r = -0.04, p = 0.714). 

4.2.2 Ratings by frequency bin 

The boxplot distribution of mean ratings for each frequency bin is shown in Figure 3B 

both by subjects and by items. Visual inspection suggests a monotonic increase in accuracy 

across the three frequency bins for both the by-subject and by-item rating distributions. As 

described in the Supplementary Materials, this pattern was confirmed by statistical analysis. 

4.2.3 Internal consistency 

Cronbach’s alpha was high (a = 0.98, 95% CI = 0.97 – 0.98). Split-half reliability was 

calculated as follows. First, the 150 words were sorted by their original normed score. Second, 

items were alternately assigned to A and B versions moving from the lowest to highest normed 

score. This procedure yielded 25 items in each frequency bin for each of the A and B versions, 

with equivalent normed scores between the two versions for each frequency bin. Figure 3C 

shows the association between familiarity ratings on the A and B items in the aggregate and 

separately for each frequency bin. Split-half reliability for the WordFAM was high in the 

aggregate (r = 0.95, p < 0.001) and for each of the low (r = 0.89, p < 0.001), mid (r = 0.90, p < 

0.001), and high (r = 0.86, p < 0.001) frequency bins. 

4.2.4 Item discrimination analysis 

The correlation coefficient was calculated for each item to determine the association 

between performance on each individual item and performance on all other items. For example, 

for item 1, the correlation was calculated to determine the association between the rating 
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provided for item 1 and the mean rating provided across items 2 – 99. Two (of 150) items 

showed a uniform ceiling rating across all 100 participants and thus the correlation could not be 

calculated. For the remaining 148 items, the mean correlation across items was 0.43 (SD = 0.16, 

median = 0.48), with 133 items showing r ³ 0.20. As shown in Figure 4, items in lower 

frequency bins tended to have higher correlations than items in higher frequency bins. 

Figure 4: Results of 
the item discrimination 
analysis for the 
WordFAM examined 
in Experiment 1. The 
plot shows the 
distribution of item 
correlations obtained 
across WordFAM 
items, with color used 
to mark the lexical 
frequency bin of each 
item. The vertical 
dashed line marks r = 0.20, which is one criterion used to indicate an acceptable item 
discrimination coefficient. 

4.2.5 Comparison between the Prolific sample and existing norms 

Performance of the current sample was compared to the existing normative data for the 

WordFAM. The existing norms were collected in the late 1990s in a laboratory setting and 

consist of a mean familiarity rating for each of the 150 items as derived across participants from 

the Indiana University community (the Hoosier sample; Nusbaum et al., 1984). There was a 

strong association between the Hoosier and Prolific samples in terms of the mean familiarity 

rating for each item (r = 0.82, p < 0.001; Figure 5A). Moreover, the mean familiarity rating for 

each frequency bin was similar between the two samples (Figure 5B), as confirmed by a 

statistical analysis that is presented in the Supplementary Materials. 
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Figure 5: Comparison between results of the WordFAM test in Experiment 2 and existing norms 
from the Hoosier mental lexicon corpus. Panel A shows the association between mean by-item 
ratings in the Hoosier sample and the current Prolific sample. Individual points show mean by-
item ratings; the black function indicates the line of best fit, and the shaded region indicates the 
95% confidence interval for the line of best fit. Panel B shows mean by-item ratings for each 
frequency bin in both samples; error bars indicate standard error of the mean. 

 
 

5 Discussion 

The purpose of this study was to develop and validate two web-based measures for 

assessing English vocabulary knowledge. In Experiment 1, participants completed a web-based 

version of the existing long-form VST. We observed moderate variability in completion time and 

accuracy across participants, with relatively fast mean completion times and relatively high 

accuracy. Accuracy was linked to lexical frequency, indicative of assessment validity, and 

internal consistency (e.g., Cronbach’s alpha, split-half reliability) was high, indicative of 

assessment reliability. In Experiment 2, participants completed a web-based version of the 

existing long-form WordFAM assessment. We observed minimal variability in completion times, 

which was relatively fast, and mean ratings were centered on the 7-point familiarity rating scale. 

Ratings systematically reflected lexical frequency, internal consistency was high, and there was a 

strong association between the normative data gathered in the Prolific sample and existing 

r = 0.82, p < 0.0011

2

3

4

5

6

7

1 2 3 4 5 6 7
Rating (Hoosier)

R
at

in
g 

(P
ro

lif
ic

)

A

1

2

3

4

5

6

7

Low Medium High
Frequency bin

R
at

in
g Sample

Hoosier
Prolific

B



 19 

normative data from the Hoosier mental lexicon corpus. Collectively, these results indicate that 

the web-based vocabulary knowledge assessments developed here are suitable for use in remote 

research. All versions of the VST and WordFAM tests described here are freely available on 

Gorilla Experiment Builder as Open Materials (https://app.gorilla.sc/openmaterials/245615); 

moreover, the item lists are provided in the Supplementary Materials to support the use of these 

assessments on other platforms. 

Like any assessment, the measures presented here are not without their limitations. For 

example, the use of multiple-choice questions to measure vocabulary competency on the VST 

may raise concern. While there is some evidence that multiple-choice assessments can be reliable 

measures due to their correlation to performance on assessments using other answer strategies 

and their high test-retest reliability (McCoubrie, 2004; Roediger & Marsh, 2005), prior work 

examining the VST has argued that the multiple-choice format used for this assessment may 

yield a test of vocabulary recognition rather than vocabulary knowledge, which may inflate the 

estimate of vocabulary knowledge (Stewart, 2014). It is also possible that performance on a 

vocabulary assessment is higher when the examinee is asked to recognize a vocabulary item 

from a closed set of options, as is required on the VST, rather than to recall a vocabulary word 

from memory (Laufer & Goldstein, 2004). However, gold-standard measures for vocabulary 

assessment continue to rely on multiple-choice responses to assess vocabulary knowledge (e.g., 

Dunn & Dunn, 1997). Likewise, results from the WordFAM test should not be interpreted 

without consideration of potential limitations. As stated previously, the WordFAM is a 

subjective measure of vocabulary knowledge, and therefore cannot be interpreted as a definitive 

measure of vocabulary competence. However, extant research demonstrates that word familiarity 

ratings are strongly associated with behavioral measures of lexical access and at least one 
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standardized vocabulary assessment, providing some assurance that the subjective rating scale 

used on the WordFAM does not hinder its ability to measure vocabulary competency 

(Gernsbacher, 1984; Lewellen et al., 1993; Tamati et al., 2013; Tamati & Pisoni, 2014). 

Furthermore, it is important to highlight that the normative data (see Supplementary 

Materials) gathered for the current vocabulary assessments were obtained from (self-reported) 

monolingual speakers of American English from a single participant pool (Prolific; Palan & 

Schitter, 2018); accordingly, the utility of the normative data may be limited to this population. 

That is, though we specifically recruited monolingual English speakers via the Prolific 

participant pool and have no evidence to indicate that participants were dishonest in their self-

reported language background, we do not have “ground truth” of language background that 

might be more obtainable in a traditional laboratory-based environment. However, the striking 

similarity between the current Prolific sample and the existing Hoosier norms for the WordFAM 

provides some assurance of integrity in participants’ self-reported language background. 

A final limitation to note is that the current experiments did not measure test-retest 

reliability or convergent validity (as a subtype of construct validity) of the web-based VST and 

WordFAM assessments. That is, because each participant only completed one of the two 

assessments at a single time point, it was not possible to examine whether an individual’s 

performance on a given assessment is stable over time or whether an individual’s performance 

on one assessment is associated with performance on the other assessment. To address this 

concern, Drown et al. (Under review) developed two brief versions of each assessment, 

capitalizing on the high split-half reliability that was observed for the long-form assessments. A 

large sample of participants (n = 85) completed the two brief versions of each assessment at 

separate timepoints. The results showed high test-retest reliability for both the VST (r = 0.68) 
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and WordFAM (r = 0.82) and moderate convergent validity between the two assessments (r = 

0.38 – 0.59). 

Despite these limitations, the current results suggest that the web-based vocabulary 

knowledge assessments developed here can be used to reliably and validly assess English 

vocabulary knowledge in adults on web-based testing platforms. Accordingly, these assessments, 

which are freely available for reuse, provide a new tool for screening based on vocabulary 

knowledge, confirming self-reported language proficiency, or for investigating the relationship 

between vocabulary and other constructs of interest. Each measure is suitable to stand alone, 

though joint administration is also possible given the brief completion times. Future research that 

examines the relationship between performance on the current open-source measures and 

conventional for-fee, in-person standardized assessments would be fruitful for better 

understanding the validity of the web-based measures developed here. Future research should 

also aim to adapt these measures to increase the dialectal and multicultural sensitivity of the 

stimuli to capture vocabulary competency across the diversity of English-speaking individuals. 
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SUPPLEMENTARY MATERIALS: METHODS AND RESULTS 
 
This document provides supplementary methods and results material for “Validation of two measures for 
assessing English vocabulary knowledge on web-based testing platforms: Long-form assessments.” 
 
1. Sample size determination and participant exclusions 
 
As described in the main text, Experiment 1 (Vocabulary Size Test, VST) and Experiment 2 (Word Familiarity 
Test, WordFAM) each tested a different sample of 100 participants. The sample size (n = 100 in each 
experiment) was determined by convention; specifically, this sample size reflects approximately 2 – 3 times our 
evaluation of the common sample sizes in between-subjects conditions in the psycholinguistic research domain. 
This sample size exceeds 80% power to detect an effect size of the magnitude r = 0.30. 
 
One additional participant was tested in Experiment 1 but excluded from analysis due to failure to perform the 
task as directed. This participant showed a total completion time of less than one minute, with mean accuracy 
(0.19 proportion correct) near chance (0.25, given the four-alternative, forced-choice design of the assessment). 
Two additional participants were tested in Experiment 2 and subsequently excluded from analysis due to failure 
to perform the task as directed. One of these participants showed reaction times of less than 50 ms for most of 
the trials; the other participant showed a flat response function with many consecutive strings of repeated 
ratings (e.g., ratings of 3, 4, 5, 3, 4, 5, 3, 4, 5 over a series of trials). 
 
2. Modifications to the VST 
 
As described in the main text, stimuli for the VST consisted of the 100 items on Form A of the monolingual 
(20,000) version of the VST (available at https://www.wgtn.ac.nz/lals/resources/paul-nations-
resources/vocabulary-tests/the-vocabulary-size-test/VST-version-A.pdf). The spelling of one item (yoghurt) 
was changed to reflect American English spelling conventions (i.e., yogurt), as was one of the response options 
(group of players gathered round the ball in some ball games was changed to group of players gathered around 
the ball in some ball games; underline added here for clarity). Aside from these two cases, the stimuli in the 
present study were identical to those of the original VST. 
 
3. Analysis to examine accuracy as a function of frequency bin for the VST (Experiment 1) 
 
To examine accuracy as a function of frequency bin, trial-level responses (0 = incorrect, 1 = correct) were 
submitted to a generalized linear mixed effects model with the binomial response family as implemented with 
the glmer() function of the lme4 package in R. Frequency bin was entered into the model as a fixed effect, 
coded to reflect sliding contrast comparisons (i.e., low vs. mid-low, mid-low vs. mid-high, mid-high vs. high). 
The random effects structure consisted of random intercepts by subject, random slopes for frequency bin by 
subject, and random intercepts by item. The results of the model showed no significant change in accuracy 
between the low and mid-low bins (!"  = 0.859, SE = 0.537, z = 1.600, p = 0.110), and monotonic improvement 
in accuracy from the mid-low bin to the mid-high bin (!"  = 1.882, SE = 0.558, z = 3.372, p < 0.001) and from 
the mid-high bin to the high frequency bin (!" = 1.327, SE = 0.592, z = 2.240, p = 0.025). 

 
4. Analysis to examine ratings as a function of frequency bin for the WordFAM (Experiment 2) 
 
To examine familiarity ratings as a function of frequency bin, trial-level ratings were submitted to a linear 
mixed effects model as implemented with the lmer() function of the lme4 package in R. Frequency bin was 
entered into the model as a fixed effect, coded to reflect sliding contrast comparisons (i.e., low vs. middle, 
middle vs. high). The random effects structure consisted of random intercepts by subject, random slopes for 
frequency bin by subject, and random intercepts by item. The results of the model showed a monotonic increase 
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in ratings from the low to middle frequency bin (!"  = 1.204, SE = 0.221, t = 5.455, p < 0.001) and from the 
middle to high frequency bin (!" = 2.568, SE = 0.227, t = 11.314, p < 0.001). 
 
5. Analysis to compare WordFAM performance between the Prolific and Hoosier samples (Experiment 2) 
 
Mean item ratings were submitted to ANOVA with the between-subjects factor of frequency bin and the within-
subject factor of sample. Because this is a by-items analysis, item is treated as subject. Accordingly, frequency 
bin is a between-subjects factor (a given item can only be in one frequency bin) and sample is a within-subject 
factor (because each item is present in both samples). The ANOVA revealed the expected main effect of 
frequency bin [F(2, 147) = 476.46, p < 0.001]. There was no main effect of sample [F(1, 147) = 0.02, p = 
0.888]. However, there was a significant interaction between frequency bin and sample [F(2, 147) = 4.71, p = 
0.010]. To explain the interaction, paired t-tests examined the difference between the two samples for each 
frequency bin. There was no significant difference between the two samples for the low frequency bin [t(49) = -
1.87, p = 0.068] or the middle frequency bin [t(49) = 1.25, p = 0.219]. For the high frequency bin, the Hoosier 
sample showed a slightly higher mean rating [mean difference = 0.21, t(49) = 2.923, p = 0.005]. 



SUPPLEMENTARY MATERIAL: NORMATIVE DATA (LONG-FORM ASSESSMENTS) 
 
This document provides supplementary material for “Validation of two measures for assessing English 
vocabulary knowledge on web-based testing platforms: Long-form assessments,” including detailed 
demographic reporting, individual subject performance, and normative values for the web-based versions of the 
Vocabulary Size Test (VST) and Word Familiarity Test (WordFAM). The list of contents is shown below. 
 
Tables 
 

Table S1. Count of self-reported gender and age characteristics of the participant sample. 
 
Table S2. Count of self-reported dialect characteristics of the participant sample. 
 
Table S3. Count of self-reported race and ethnicity characteristics of the participant sample. 
 
Table S4. Mean proportion correct (and SD) and point-biserial correlation coefficient (r) across the 100 
participants for each item on the VST. 
 
Table S5. Mean rating (and SD) and correlation coefficient (r) across the 100 participants for each item on 
the WordFAM. 

 
Figures 
 

Figure S1. For each subject, mean accuracy (proportion correct) by frequency bin on the long-form VST. 
 

Figure S2. For each subject, mean familiarity rating by frequency bin on the long-form WordFAM. 
  



Table S1. Count of self-reported gender and age characteristics of the participant sample. 
  Gender  Age (years) 

Assessment n Men Women Unreported  Mean SD Range 
VST 100 47 53 0  25 6 18 – 35 

WordFAM 100 48 51 1  27 5 18 – 35 
 
[Continued on next page.] 
 
 
  



Table S2. Count of self-reported dialect characteristics of the participant sample. 
Dialect VST WordFAM 

American – 1 
Decline to state 2 1 
Do not know 11 17 
Do not know, Mid Atlantic 1 – 
Do not know, Mid Atlantic (Pennsylvania) 1 – 
Do not know, New England 1 – 
Do not know, Southern, Southwestern – 1 
Eastern/Pittsburgh 1 – 
Inland Northern 1 – 
Mid Atlantic 3 2 
Midwestern 27 22 
Midwestern, Pacific Southwest 1 – 
Midwestern, Southwestern 1 – 
New England 10 13 
New England, Midwestern 1 – 
New England, New York 1 – 
New York 1 1 
Northeastern 1 2 
Northeastern (Philadelphia) 1 – 
Pacific Northwest 5 9 
Pacific Southwest 7 10 
Southern 12 16 
Southern Californian 1 – 
Southern, Midwestern 2 – 
Southern, Southwestern – – 
Southern, Texan 1 – 
Southwestern 5 4 
Southwestern, Texan, Non-regional Diction 1 – 
Spanglish 1 – 
Tristate – 1 

  



Table S3. Count of self-reported race and ethnicity characteristics of the participant sample. 
  Ethnicity 

Assessment Race Hispanic 
or Latino 

Not Hispanic 
or Latino Unreported 

VST American Indian/Alaska Native – 1 – 

 American Indian/Alaska Native, White, More 
than One Race – 1 – 

 Asian – 6 – 

 Asian, Native Hawaiian or Other Pacific 
Islander, White – 1 – 

 Asian, White – 2 – 
 Black or African American – 7 – 
 Black or African American, White 1 – – 

 Black or African American, White, More than 
One Race – 1 – 

 Decline to state – – 2 
 More than One Race 1 1 – 
 White 3 73 – 

WordFAM American Indian/Alaska Native, White – 1 – 
 Asian – 11 – 
 Asian, White, More than One Race – 3 – 
 Black or African American – 8 – 
 Black or African American, White – 2 – 
 More than One Race 1 – – 
 White 1 72 1 

 
[Continued on next page.] 
  



Table S4. Mean proportion correct (and SD) and point-biserial correlation coefficient (r) across the 100 
participants for each item on the VST. NA values for r indicate items for which accuracy was at ceiling for all 
participants. Number and group correspond to those used in the original VST Form A assessment, available at: 
https://www.wgtn.ac.nz/lals/resources/paul-nations-resources/vocabulary-tests/the-vocabulary-size-test/VST-
version-A.pdf. Bin and version correspond to the divisions made in the current work as described in the main 
text. 

Number Group Bin Version Item Mean SD r 
1 G.01000 High A see 1.00 0.00 NA 
2 G.01000 High B time 1.00 0.00 NA 
3 G.01000 High A period 0.99 0.10 0.02 
4 G.01000 High B figure 0.85 0.36 0.18 
5 G.01000 High A poor 1.00 0.00 NA 
6 G.02000 High B microphone 0.92 0.27 0.22 
7 G.02000 High A nil 0.94 0.24 0.19 
8 G.02000 High B pub 1.00 0.00 NA 
9 G.02000 High A circle 0.95 0.22 0.11 

10 G.02000 High B dig 1.00 0.00 NA 
11 G.03000 High A soldier 1.00 0.00 NA 
12 G.03000 High B restore 0.99 0.10 0.12 
13 G.03000 High A pro 0.97 0.17 0.10 
14 G.03000 High B compound 0.94 0.24 0.06 
15 G.03000 High A deficit 0.89 0.31 0.29 
16 G.04000 High B strap 0.97 0.17 0.15 
17 G.04000 High A weep 0.99 0.10 0.06 
18 G.04000 High B haunt 0.99 0.10 0.11 
19 G.04000 High A cube 1.00 0.00 NA 
20 G.04000 High B butler 0.99 0.10 0.09 
21 G.05000 High A nun 1.00 0.00 NA 
22 G.05000 High B olive 1.00 0.00 NA 
23 G.05000 High A shudder 0.98 0.14 0.25 
24 G.05000 High B threshold 0.97 0.17 -0.02 
25 G.05000 High A demography 0.86 0.35 0.33 
26 G.06000 Mid-High B malign 0.85 0.36 0.21 
27 G.06000 Mid-High A strangle 0.99 0.10 0.03 
28 G.06000 Mid-High B dinosaur 0.98 0.14 0.05 
29 G.06000 Mid-High A jug 1.00 0.00 NA 
30 G.06000 Mid-High B crab 0.98 0.14 0.09 
31 G.07000 Mid-High A quilt 0.99 0.10 0.07 
32 G.07000 Mid-High B tummy 1.00 0.00 NA 
33 G.07000 Mid-High A eclipse 1.00 0.00 NA 
34 G.07000 Mid-High B excrete 0.96 0.20 0.05 



35 G.07000 Mid-High A ubiquitous 0.61 0.49 0.41 
36 G.08000 Mid-High B marrow 1.00 0.00 NA 
37 G.08000 Mid-High A cabaret 0.92 0.27 0.26 
38 G.08000 Mid-High B cavalier 0.49 0.50 0.35 
39 G.08000 Mid-High A veer 0.74 0.44 0.30 
40 G.08000 Mid-High B yogurt 1.00 0.00 NA 
41 G.09000 Mid-High A octopus 1.00 0.00 NA 
42 G.09000 Mid-High B monologue 0.96 0.20 0.32 
43 G.09000 Mid-High A candid 0.83 0.38 0.32 
44 G.09000 Mid-High B nozzle 0.98 0.14 0.12 
45 G.09000 Mid-High A psychosis 0.97 0.17 0.09 
46 G.10000 Mid-High B ruck 0.21 0.41 0.13 
47 G.10000 Mid-High A rouble 0.63 0.49 0.19 
48 G.10000 Mid-High B canonical 0.65 0.48 0.21 
49 G.10000 Mid-High A puree 0.97 0.17 0.24 
50 G.10000 Mid-High B vial 1.00 0.00 NA 
51 G.11000 Mid-Low A counterclaim 0.95 0.22 0.30 
52 G.11000 Mid-Low B refectory 0.31 0.46 0.12 
53 G.11000 Mid-Low A trill 0.70 0.46 0.40 
54 G.11000 Mid-Low B talon 0.99 0.10 0.22 
55 G.11000 Mid-Low A plankton 0.98 0.14 0.17 
56 G.12000 Mid-Low B soliloquy 0.75 0.44 0.26 
57 G.12000 Mid-Low A puma 0.98 0.14 0.10 
58 G.12000 Mid-Low B augur 0.32 0.47 0.35 
59 G.12000 Mid-Low A emir 0.34 0.48 0.40 
60 G.12000 Mid-Low B didactic 0.43 0.50 0.45 
61 G.13000 Mid-Low A cranny 0.75 0.44 0.18 
62 G.13000 Mid-Low B lectern 0.49 0.50 0.13 
63 G.13000 Mid-Low A azalea 0.91 0.29 0.32 
64 G.13000 Mid-Low B marsupial 0.87 0.34 0.36 
65 G.13000 Mid-Low A bawdy 0.71 0.46 0.43 
66 G.14000 Mid-Low B crowbar 0.97 0.17 0.14 
67 G.14000 Mid-Low A spangled 0.76 0.43 0.34 
68 G.14000 Mid-Low B aver 0.47 0.50 0.17 
69 G.14000 Mid-Low A retro 0.88 0.33 0.30 
70 G.14000 Mid-Low B rascal 0.99 0.10 0.22 
71 G.15000 Mid-Low A tweezers 0.93 0.26 0.16 
72 G.15000 Mid-Low B bidet 0.97 0.17 0.21 
73 G.15000 Mid-Low A sloop 0.56 0.50 0.42 



74 G.15000 Mid-Low B swingeing 0.36 0.48 0.04 
75 G.15000 Mid-Low A cenotaph 0.39 0.49 0.38 
76 G.16000 Low B denouement 0.50 0.50 0.15 
77 G.16000 Low A bittern 0.48 0.50 0.19 
78 G.16000 Low B reconnoitre 0.37 0.49 0.28 
79 G.16000 Low A magnanimity 0.54 0.50 0.30 
80 G.16000 Low B effete 0.75 0.44 0.32 
81 G.17000 Low A rollick 0.87 0.34 0.33 
82 G.17000 Low B gobbet 0.59 0.49 0.29 
83 G.17000 Low A rigmarole 0.76 0.43 0.37 
84 G.17000 Low B alimony 0.88 0.33 0.34 
85 G.17000 Low A roughshod 0.14 0.35 0.27 
86 G.18000 Low B copra 0.41 0.49 0.26 
87 G.18000 Low A bier 0.36 0.48 0.27 
88 G.18000 Low B torpid 0.41 0.49 0.40 
89 G.18000 Low A dachshund 0.96 0.20 0.21 
90 G.18000 Low B cadenza 0.51 0.50 0.32 
91 G.19000 Low A obtrude 0.59 0.49 0.27 
92 G.19000 Low B panzer 0.47 0.50 0.18 
93 G.19000 Low A cyborg 1.00 0.00 NA 
94 G.19000 Low B zygote 0.91 0.29 0.25 
95 G.19000 Low A sylvan 0.50 0.50 0.37 
96 G.20000 Low B sagacious 0.32 0.47 0.53 
97 G.20000 Low A spatiotemporal 0.86 0.35 0.26 
98 G.20000 Low B casuist 0.33 0.47 0.29 
99 G.20000 Low A cyberpunk 0.88 0.33 0.25 
100 G.20000 Low B pussyfoot 0.75 0.44 0.19 

 
[Continued on next page.] 
 
  



Table S5. Mean rating (and SD) and correlation coefficient (r) across the 100 participants for each item on the 
WordFAM. Number refers to the order in which items appear on the paper-and-pencil version of the 
WordFAM. The Hoosier vector shows the mean rating for each item in the original Hoosier sample. Bin and 
version correspond to the divisions made in the current work as described in the main text. 

Number Hoosier Bin Version Word Mean SD r 
25 1.00 Low A inrush 2.65 1.87 0.43 
46 1.00 Low B systolic 3.71 2.20 0.58 
74 1.00 Low A oppress 6.82 0.70 0.24 
75 1.00 Low B braggadocio 2.74 2.33 0.52 
132 1.00 Low A seasonable 6.31 1.32 0.20 
53 1.33 Low B jalousie 1.54 1.08 0.30 
78 1.33 Low A dysprosium 1.89 1.43 0.48 
105 1.33 Low B shibboleth 1.90 1.67 0.54 
81 1.50 Low A chemurgic 1.53 0.96 0.49 
62 1.67 Low B lek 1.45 1.14 0.33 
24 1.75 Low A cenobitic 1.61 1.14 0.48 
141 1.75 Low B jardiniere 1.93 1.47 0.42 
131 1.83 Low A obi 2.59 2.19 0.50 
26 1.91 Low B campanile 1.84 1.45 0.42 
41 1.92 Low A malfeasance 3.97 2.26 0.48 
35 2.00 Low B molybdenum 2.29 2.10 0.49 
52 2.00 Low A bosh 2.86 1.81 0.34 
56 2.00 Low B aileron 2.06 1.82 0.40 
32 2.08 Low A batrachian 1.45 0.98 0.47 
67 2.17 Low B encomium 2.11 1.87 0.49 
87 2.17 Low A bemire 2.05 1.50 0.55 
99 2.17 Low B tinct 2.35 1.80 0.53 
9 2.18 Low A appanage 1.97 1.55 0.31 
6 2.25 Low B palliation 2.58 2.08 0.55 
80 2.25 Low A citify 2.52 1.74 0.53 
150 2.25 Low B inchoate 1.93 1.60 0.55 
51 2.33 Low A puttee 2.01 1.59 0.22 
94 2.33 Low B parquetry 1.79 1.35 0.57 
110 2.33 Low A arable 3.14 2.28 0.50 
116 2.33 Low B duenna 1.63 1.26 0.44 
18 2.42 Low A ferrule 2.01 1.61 0.42 
21 2.42 Low B egregious 5.27 2.21 0.49 
44 2.42 Low A meliorate 2.53 1.84 0.60 
117 2.42 Low B equine 4.59 2.53 0.51 
76 2.50 Low A capstan 1.79 1.39 0.53 



113 2.50 Low B viceregal 1.93 1.42 0.53 
137 2.50 Low A hidalgo 2.69 1.74 0.44 
139 2.50 Low B alembic 1.85 1.55 0.44 
45 2.67 Low A crosier 1.97 1.49 0.46 
50 2.67 Low B aniline 1.91 1.58 0.50 
65 2.67 Low A ennui 2.84 2.40 0.48 
68 2.67 Low B gustatory 2.73 2.14 0.50 
86 2.75 Low A exegesis 2.03 1.42 0.48 
143 2.75 Low B sessile 2.21 1.72 0.40 
8 2.80 Low A mullion 2.01 1.57 0.43 
28 2.83 Low B flivver 1.62 1.44 0.40 
134 2.83 Low A fief 3.00 2.26 0.58 
27 2.91 Low B imprimatur 1.81 1.37 0.41 
40 2.92 Low A triumvir 1.83 1.56 0.48 
114 2.92 Low B torsion 4.14 2.22 0.52 
123 3.00 Medium A mastoid 3.12 2.09 0.62 
2 3.08 Medium B cacophony 4.32 2.51 0.54 

120 3.08 Medium A hemolytic 2.79 2.12 0.64 
135 3.17 Medium B fusillade 2.41 1.90 0.60 
5 3.25 Medium A scintillate 3.36 2.36 0.54 
57 3.25 Medium B undulant 3.28 2.00 0.63 
63 3.25 Medium A czarina 2.37 2.12 0.51 
133 3.25 Medium B transept 2.25 1.69 0.49 
47 3.33 Medium A warder 3.55 2.16 0.44 
13 3.42 Medium B overawe 2.91 1.97 0.56 
16 3.42 Medium A darnel 2.00 1.39 0.56 
70 3.42 Medium B diathermy 1.78 1.24 0.33 
121 3.50 Medium A grandiloquence 2.34 1.84 0.60 
72 3.55 Medium B titivate 1.97 1.59 0.43 
85 3.67 Medium A coitus 4.88 2.43 0.41 
88 3.67 Medium B expatriate 4.41 2.47 0.65 
146 3.67 Medium A triennial 3.08 2.25 0.53 
98 3.73 Medium B expletive 6.05 1.84 0.46 
34 3.75 Medium A smirch 3.22 2.20 0.65 
36 3.75 Medium B dactyl 3.28 2.02 0.54 
55 3.75 Medium A concertina 2.67 2.00 0.59 
66 3.75 Medium B mastodon 4.62 2.29 0.50 
77 3.75 Medium A rasher 3.54 2.32 0.62 
90 3.75 Medium B parboil 3.23 2.46 0.56 



107 3.75 Medium A ruse 6.05 1.66 0.44 
111 3.75 Medium B hullabaloo 5.05 2.29 0.41 
122 3.75 Medium A audiophile 5.76 1.94 0.55 
96 3.83 Medium B exonerate 6.13 1.80 0.57 
11 3.92 Medium A perspicuous 3.57 2.08 0.47 
12 3.92 Medium B philodendron 2.68 2.08 0.55 
15 3.92 Medium A stolidly 2.51 1.91 0.61 
92 4.00 Medium B vestry 2.57 1.81 0.55 
43 4.17 Medium A Pullman 3.31 2.15 0.50 
119 4.17 Medium B conjugal 5.42 1.89 0.61 
125 4.17 Medium A vesture 3.68 1.97 0.53 
95 4.25 Medium B crocus 2.84 2.17 0.43 
30 4.33 Medium A underslung 3.03 2.08 0.57 
129 4.33 Medium B mallow 4.01 2.14 0.56 
147 4.42 Medium A refutation 4.38 2.30 0.52 
14 4.50 Medium B histamine 5.22 1.94 0.48 
3 4.58 Medium A briquette 3.34 2.41 0.45 
84 4.58 Medium B gentry 4.43 2.20 0.65 
48 4.67 Medium A pommel 4.53 2.34 0.62 
101 4.75 Medium B assiduous 3.19 2.12 0.58 
73 4.83 Medium A knobbed 4.84 1.92 0.48 
130 4.83 Medium B tendril 4.97 2.24 0.42 
10 4.92 Medium A affray 3.26 1.99 0.55 
54 4.92 Medium B Pakistani 6.66 1.12 0.40 
82 4.92 Medium A genic 2.89 1.91 0.40 
142 4.92 Medium B radioisotope 4.43 2.12 0.57 
102 5.00 High A freedman 4.52 2.26 0.60 
115 5.00 High B ply 5.80 1.76 0.54 
140 5.17 High A autumnal 4.71 2.39 0.59 
97 5.33 High B denature 4.28 2.32 0.56 
59 5.50 High A goodwife 4.84 1.99 0.43 
103 5.50 High B cessation 4.62 2.29 0.52 
4 5.83 High A deluge 4.70 2.19 0.64 
17 5.92 High B authenticate 6.94 0.28 0.12 
38 5.92 High A defy 6.68 1.09 0.20 
128 5.92 High B morbidity 6.01 1.56 0.54 
106 6.00 High A invigorate 6.12 1.83 0.47 
20 6.08 High B mutt 6.55 1.13 0.24 
29 6.25 High A euphemism 6.16 1.67 0.48 



1 6.33 High B pox 5.35 1.88 0.61 
39 6.33 High A dike 5.27 1.99 0.38 
118 6.33 High B accusal 5.69 1.96 0.41 
89 6.42 High A forked 6.09 1.40 0.55 
61 6.45 High B immobility 6.88 0.41 0.25 
124 6.50 High A drag 6.96 0.24 0.24 
49 6.55 High B drab 6.26 1.47 0.39 
104 6.58 High A handrail 6.11 1.84 0.28 
109 6.58 High B municipal 5.99 1.55 0.53 
69 6.67 High A gab 5.17 2.22 0.53 
91 6.67 High B hedge 6.70 0.98 0.22 
22 6.75 High A destitute 5.60 2.06 0.58 
33 6.75 High B fabrication 6.85 0.44 0.23 
148 6.75 High A antler 6.44 1.60 0.27 
7 6.83 High B misapplication 6.02 1.63 0.38 
58 6.83 High A cannibal 6.97 0.17 0.18 
60 6.83 High B index 6.80 0.60 0.19 
71 6.83 High A quit 6.97 0.30 -0.07 
42 6.92 High B inflexible 6.65 1.20 0.23 
79 6.92 High A objectivity 6.61 0.94 0.36 
127 6.92 High B impair 6.58 1.25 0.23 
19 7.00 High A comforter 6.82 0.73 0.24 
23 7.00 High B outcast 6.90 0.63 0.06 
31 7.00 High A greed 6.90 0.63 -0.01 
37 7.00 High B ash 6.88 0.46 0.14 
64 7.00 High A grab 6.95 0.33 -0.07 
83 7.00 High B educate 6.99 0.10 0.12 
93 7.00 High A mother 7.00 0.00 NA 
100 7.00 High B cop 6.93 0.33 0.01 
108 7.00 High A central 6.95 0.22 0.32 
112 7.00 High B monologue 6.80 0.71 0.04 
126 7.00 High A glory 6.87 0.66 0.33 
136 7.00 High B classmate 6.93 0.61 0.11 
138 7.00 High A battery 6.97 0.17 0.06 
144 7.00 High B affect 6.88 0.41 0.16 
145 7.00 High A leaves 6.94 0.28 0.08 
149 7.00 High B cancel 7.00 0.00 NA 

 
 
 



Figure S1. For each subject, mean accuracy (proportion correct) by frequency bin on the long-form VST. 
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Figure S2. For each subject, mean familiarity rating by frequency bin on the long-form WordFAM. 

 
 

E2.091 E2.092 E2.093 E2.094 E2.095 E2.096 E2.097 E2.098 E2.099 E2.100

E2.081 E2.082 E2.083 E2.084 E2.085 E2.086 E2.087 E2.088 E2.089 E2.090

E2.071 E2.072 E2.073 E2.074 E2.075 E2.076 E2.077 E2.078 E2.079 E2.080

E2.061 E2.062 E2.063 E2.064 E2.065 E2.066 E2.067 E2.068 E2.069 E2.070

E2.051 E2.052 E2.053 E2.054 E2.055 E2.056 E2.057 E2.058 E2.059 E2.060

E2.041 E2.042 E2.043 E2.044 E2.045 E2.046 E2.047 E2.048 E2.049 E2.050

E2.031 E2.032 E2.033 E2.034 E2.035 E2.036 E2.037 E2.038 E2.039 E2.040

E2.021 E2.022 E2.023 E2.024 E2.025 E2.026 E2.027 E2.028 E2.029 E2.030

E2.011 E2.012 E2.013 E2.014 E2.015 E2.016 E2.017 E2.018 E2.019 E2.020

E2.001 E2.002 E2.003 E2.004 E2.005 E2.006 E2.007 E2.008 E2.009 E2.010

Lo
w

Med
ium High Lo

w

Med
ium High Lo

w

Med
ium High Lo

w

Med
ium High Lo

w

Med
ium High Lo

w

Med
ium High Lo

w

Med
ium High Lo

w

Med
ium High Lo

w

Med
ium High Lo

w

Med
ium High

1
2
3
4
5
6
7

1
2
3
4
5
6
7

1
2
3
4
5
6
7

1
2
3
4
5
6
7

1
2
3
4
5
6
7

1
2
3
4
5
6
7

1
2
3
4
5
6
7

1
2
3
4
5
6
7

1
2
3
4
5
6
7

1
2
3
4
5
6
7

Frequency bin

R
at

in
g


