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Letter from the 
Editors

Dear VLI Readers,

This volume collects the studies resulting from the JALT Vocab SIG 2022 Symposium. 
We were honored to host two prominent names in second language research this year, 
with Kristopher Kyle and Junko Yamashita joining us as discussants for the event’s 
morning and afternoon sessions respectively. The event was held in-person at Tokyo 
International University in Kawagoe, Saitama, and was a great success. We would 
like to take this opportunity to thank George Hays and Kevin Mueller for organizing the 
site and making sure everything ran smoothly, and to also thank the 18 poster 
presenters for making the lunchtime a hive of activity and ideas for vocabulary 
research.

The focus of the morning session at the event was Advances in Vocabulary 
Research and featured presentations by Masaki Eguchi, Joseph P. Vitta (in place of Ali 
Al-Hoorie who unfortunately could not attend), Derek N. Canning, and featured 
commentary by Kristopher Kyle, who also participated in a Q&A session that was 
moderated by Joseph P. Vitta. The afternoon session focused on Vocabulary 
Learning and featured presentations by Kevin Mueller and George Hays, Suwako 
Uehara, Adam Dabrowski, and Kimberly Klassen, with commentary provided by 
Junko Yamashita. The collection of papers in this issue of VLI are the results of the 
presentations and discussions from the Symposium and constitute an exciting collection 
of ideas and proposals for teaching and researching second language vocabulary. We 
hope that you enjoy reading them.

Finally, we would like to wish our readership a very Happy New Year and a 
prosperous 2023, and would like to thank our sponsors, English Central and ABAX ELT 
Publishing, and our reviewers for their generosity in terms of time and money that 
helped to make the 2022 Symposium the success that it was.

Regards,

Christopher Nicklin and Joseph P. Vitta (Associate Editors) on behalf of the entire 
VLI team

Vocabulary Learning and Instruction 
Volume 11, Issue 2, December 2022 

http://vli-journal.org

http://vli-journal.org
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Modeling Lexical and Phraseological 
Sophistication in Oral Proficiency Interviews: 

A Conceptual Replication
Masaki Eguchi

University of Oregon

Abstract
Building on previous studies investigating the multidimensional nature 
of lexical use in task-based L2 performance, this study clarified the 
roles that the distinct lexical features play in predicting vocabulary pro-
ficiency in a corpus of L2 Oral Proficiency Interviews (OPI). A total of 
85 OPI samples were rated by three separate raters based on a Common 
European Frame of Reference (CEFR) based rubric in terms of their 
linguistic range. The interview transcription was analyzed for 56 lexi-
cal and phraseological indices using modern natural language process-
ing tools. The result of an exploratory factor analysis (EFA) revealed 
that the 56 indices tapped into 10 distinct factors of lexical use in OPI: 
three factors related to content words, three related to n-grams, three 
lexical collocation factors, and one function-word factor. A subse-
quent Bayesian mixed-effect ordinal regression indicated that six out 
of the 10  factors meaningfully predicted the CEFR levels on Range 
with reasonable accuracy (quadratic kappa coefficient = .81 with the 
human  rating). The result highlights the distinct roles that multiple con-
tent-word, collocation, and function-word factors play in characterizing 
the  linguistic range in a CEFR-based assessment of OPI. The implica-
tion for the assessment of lexical richness, as well as future directions of 
this research domain, are discussed.

Keywords: Lexical sophistication, Oral Proficiency Interview, 
Exploratory Factor Analysis, Bayesian mixed-effect ordinal regression 

1 Introduction
A great deal of research on vocabulary acquisition and assessment has cen-

tered on conceptualizing dimensions of lexical use in task-based performance and 
capturing developmental changes in lexical use (Crossley et al., 2011; Laufer & 
Nation, 1995; Meara & Bell, 2001). There is a consensus that lexical complexity 
(also known as richness) can be conceptualized in terms of at least three distinct 
constructs: density, diversity, and sophistication (Bulté & Housen, 2012; Lu, 2012; 
Read, 2000). Lexical density refers to the ratio of content words in the running 
text. Although not used frequently, lexical density is generally reported to be 
higher in written texts than in spoken texts (e.g., Halliday, 1985). Lexical diver-
sity essentially concerns the variety of lexical items used during the performance 

http://vli-journal.org
https://doi.org/10.7820/vli.v11.2.Eguchi
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(for more precise definitions, see Jarvis, 2013). Diversity, or more specifically lex-
ical variation, has been traditionally operationalized using variants of the Type-
Token Ratio (for a recent study, see Zenker & Kyle, 2021). Lexical sophistication 
attempts to capture “advanced” vocabulary use during the performance (Laufer 
& Nation, 1995). Recent advances in the measurement frameworks as well as 
operationalizations (e.g., Kyle et al., 2018; McCarthy & Jarvis, 2010) have helped 
uncover important dimensions in vocabulary use relating to proficiency and 
development (Eguchi & Kyle, 2020; Kim et al., 2018; Kyle et al., 2021). This study 
focuses on lexical sophistication as one important dimension of lexical use in task-
based performance (Bulté & Housen, 2012; Read, 2000).

Recently, research on the relationships between lexical sophistication and 
second language (L2) proficiency and development benefits from a multidimen-
sional approach to this construct (Eguchi & Kyle, 2020; Kim et al., 2018). While 
researchers traditionally operationalized “advanced” lexical use by counting 
lexical items above a certain frequency threshold (e.g., above 2,000-word level; 
Laufer & Nation, 1995), approaches other than the use of frequency information 
have been proposed as measures of this construct. Such new operationalized 
constructs of lexical sophistication include but are not limited to concreteness 
(i.e., how concrete the referent of the word is, table vs. idea; Salsbury et al., 2011), 
hypernymy (how specific is the denotation of the word in the word network; dachs-
hund vs. dog; Crossley et al., 2009), contextual distinctiveness (how distinct is the 
context in which the word is used in a large corpus; sonic vs. chance; Berger et al., 
2017), and characteristics of multiword units (e.g., Bestgen & Granger, 2014; Kyle 
et al., 2018). 

To date, at least two studies have taken a data-driven approach to find out 
dimensions of lexical sophistication that determine L2 spoken and written pro-
ficiency as well as development (e.g., Kim et al., 2018). Kim et al. (2018) inves-
tigated how 100 indices of lexical sophistication (e.g., frequency, concreteness, 
contextual distinctiveness) calculated in the Tool for the Automatic Analysis of 
Lexical Sophistication (TAALES; Kyle et al., 2018) characterize important dimen-
sions of lexical use in The Yonsei English Learner Corpus (the YELC Corpus; 
Rhee & Jung, 2014), which includes 6,572 narrative and argumentative essays 
produced by Korean English a First Language (EFL) learners. Using Principal 
Component Analysis (PCA), they reported 12 dimensions of lexical use, 7 of 
which—4 content-word (CW) related dimensions and 3 multiword-related dimen-
sions—accounted for 24.6% of the variance in the writing proficiency in the 
YELC corpus. As a conceptual replication in a spoken corpus, Eguchi and Kyle 
(2020) analyzed 1,281 Oral Proficiency Interviews (OPIs) in the National Institute 
of Information and Communications Technology Japanese Learner of English 
(NICT JLE) corpus using 91 TAALES indices. An Exploratory Factor Analysis 
(EFA) uncovered 10 dimensions of lexical use in the OPI, 7 of which—1 CW-related 
factor, 4 function-word (FW) related factors, and 2 multiword-related factors—
explained approximately 57% of the variance in the OPI score. Taken together, 
these studies demonstrated ways in which aspects of lexical use are character-
ized by fine-grained lexical sophistication indices beyond the frequency of lexi-
cal items. Although these studies used a large-scale learner corpus and provided 
important insights into multidimensional lexical sophistication, more empirical 



Vocabulary Learning and Instruction, 11(2), 1–16.

Eguchi: Lexical and Phraseological Sophistication in OPI 3

research is needed to confirm and refine the dimensions beyond the specific cor-
pus. Particularly, Eguchi and Kyle (2020) extracted four factors related to FW, 
but they did not fully elaborate on what implication each FW factor has in terms 
of substantive interpretation of the model. The present study attempts to extend 
the findings of Eguchi and Kyle (2020) using another corpus of OPI. The study is 
guided by the following research questions:

1.  What are the dimensions of lexical sophistication in OPIs?
2.  To what extent do the dimensions of lexical sophistication explain human 

ratings of the OPI?

2 Method

2.1 Oral Proficiency Interview Corpus
The current study used OPI transcripts collected as a part of a large-scale 

project on developing an Artificial Intelligence (AI) agent conducting and assessing 
OPIs, the Intelligent Language Learning Assistant (InteLLA; Matsuyama, 2021, 
Saeki, 2021). The general procedure of the OPI in InteLLA was modelled after the 
ACTFL-OPI, where the interviewer adjusts the assessment task levels according 
to the learner’s performance during the interview (Saeki et al., 2022). A total of 85 
interviews were drawn from a pilot study where human experimenters controlled 
the agent’s (non-)verbal responses from a list of pre-recorded actions. In this pilot, 
topics were also adaptively selected by the human experimenter, which varied in 
the target proficiency levels—Free time, Travel (CEFR A level), Movies, Social 
Networking Sites (CEFR B level), Globalization (CEFR C level) (For details of task 
sequence used in the OPI, see Saeki et al., 2021). In this study, given that each topic 
was too short to be analyzed separately, the entire OPI was used as the unit of 
analysis. 

2.2 Range Rating
Each OPI was rated by three raters according to a CEFR-based analytic rat-

ing scale (Council of Europe, 2018), including: range, accuracy, fluency, phonol-
ogy, interaction, coherence, and overall (Saeki et al., 2021). In this study, ratings 
on range were used as it is most relevant to the construct of lexical complexity. 
Because there were only 4 data points judged at the CEFR C2 level, C1 and C2 
were combined and labelled as C-level (for the distributions of CEFR levels across 
three raters, see Table 1). The quadratic kappa coefficient (calculated over pairs 

Table 1. Distributions of CEFR Levels Judged by Three Raters

Rater A1 A2 B1 B2 C1 C2
A 9 14 33 18 10 1

B 7 18 33 17 8 2

C 2 29 33 31 8 1
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of three raters) ranged from 0.76–0.85. Scores of all three raters’ were used via 
mixed-effect modelling instead of taking averages (see Statistical Analysis).

2.3 Lexical Analysis
Lexical analyses were conducted with two tools: the TAALES version 2.2 

(Kyle et al., 2018) and an in-house python script computing the measures of depen-
dency collocation indices. TAALES is an open-source software that computes a 
range of lexical sophistication indices. I used TAALES for the reasons of com-
prehensiveness and reproducibility of the results. Based on the previous findings 
(e.g., Eguchi & Kyle, 2020; Kim et al., 2018; Kyle et al., 2018), I have chosen a total 
of 44 indices that represents 12 categories of lexical sophistication in TAALES. 
These are single-word indices such as frequency, range, contextual distinctiveness 
(Hoffman et al., 2013; McDonald & Shillcock, 2001), psycholinguistic word prop-
erties (Brysbaert et al., 2014; Coltheart, 1981), word recognition norms (Balota 
et al., 2007), age of acquisition (Kuperman et al., 2012), word neighborhood indi-
ces (Balota et al., 2007), and n-gram-based indices measuring frequency, range, 
and strengths of Association (SOA) (Kyle et al., 2018). 

Notably, TAALES version 2.2 predates the development of more accurate 
measurement of lexical collocation using syntactic dependency parsers (e.g., Paquot, 
2019). Thus, I supplemented 12 collocation measures using an in-house python pro-
gram, four measures each for three dependency relations often used in previous 
research (Verb + Direct object, Adjectival modifier + Noun, and Adverbial modi-
fier; Kyle & Eguchi, 2021; Paquot, 2019). Dependency collocation is advantageous 
in identifying collocations without relying on arbitrary window size, because the 
parser precisely identifies syntactically related words irrespective of how distant the 
word pairs are. For each of the dependency relations, I selected Mutual Information 
(MI; Church & Hanks, 1989), Mutual Information squared (MI2; Evert, 2005), and 
two versions of Delta P (head of the dependency as the cue, and dependency of the 
relations as the cue; see Gries, 2013). The SOA for this project was calculated with 
the SUBTLEXus corpus to closely match the target language use domain of the 
OPIs (Brysbaert & New, 2009). 

2.4 Statistical Analysis
Exploratory Factor Analysis. EFA was run to identify the latent structure 

of the lexical variables. This analysis was done in the following steps. First, the 
factorability of the dataset was examined through the Kaiser-Meyer-Olkin (KMO) 
index. Second, an adequate number of factors was estimated using parallel analy-
sis and other model fit indices with maximum likelihood estimation. Specifically, 
the empirical Bayesian Information Criterion (eBIC) was used to see the fit of 
the factor structure to the dataset. Once the factor structure is determined, the 
factor solution was identified using Oblimin rotation, which allows correlations 
among extracted factors. Finally, factor scores of each lexical performance were 
estimated using TenBerge estimation method, which preserves the overall factor 
correlations. The analysis was conducted through the psych package (Revelle, 
2016) in R (R development Core Team, 2019).
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Bayesian ordinal mixed-effect regression. The extracted factor scores were used 
as predictors for the model predicting the CEFR levels of the OPI performance. As 
CEFR levels are ordinal, an ordinal regression model was fit while raters were 
treated as a random effect (Baters & Vuorre, 2019). Specifically, a cumulative logit 
model was fit, which assumes that the observed outcome (i.e., CEFR levels on 
Range) follows a latent normal distribution underlyingly (i.e., proficiency). One 
potential issue of fitting a Bayesian model with a relatively small dataset is that the 
parameter estimation could be affected by the selection of prior distribution. For 
this reason, in addition to the prior predictive checks, a sensitivity analysis was con-
ducted to see the impact of different prior selections on the results. For the final 
model presented below, student-t distribution with degrees of freedom of three, 
mean of zero, and standard deviation (SD) of two was used. The Bayesian analyses 
were conducted using the brms package (Bürkner, 2017). An effect size (pseudo-R2) 
metric was computed using the Bayesian method introduced in Gelman et al. (2019) 
using the pseudo-R2 formula proposed by McKelvey and Zavoina (1975), where 

R  Explained variance
Explained variance  Residual variance

2 =
+

 with an assumption that the residual 

variance equals π2 / 3 for models with the logistic link function. Further, the degree 
to which the predictor explains the CEFR Range rating was assessed via classifica-
tion accuracy using the quadratic kappa coefficient. Due to the space limitation, 
readers are referred to available supplementary material detailing the analysis  
procedure at: https://osf.io/jrfa7. 

3 Results

3.1 Exploratory Factor Analysis
The KMO indicated that the dataset is adequate for factor analysis 

(KMO = 0.60). A parallel analysis suggested a solution with seven factors, and 
eBIC index suggested a 10-factor solution. A close examination of the pattern 
matrices (after rotation) indicated that the 10-factor solution seemed to reflect 
the conceptual categories of indices better. Additional indices such as the 
Standardized Root Mean Squared Residual (SRMR) showed that the 7- factor 
solution might not adequately reproduce the variance-covariance matrix 
(SRMR7-factor = 0.081; SRMR10-factor = 0.046). For these reasons, the 10-factor solu-
tion was chosen, and the factor scores for each performance were estimated. The 
final 10-factor solution accounted for approximately 67% of the variance in the 
data. The inter-factor correlations suggest that some factors have moderate cor-
relations; rF1&F2 = 0.49; rF3&F5 = 0.42 (for a full inter-factor correlation matrix, 
see online supplementary materials). Due to the space limitation, the following 
 sections briefly summarize the identified factors (for a complete pattern matrix, 
see online supplementary material). 

F1: Content Word (CW) Acquisition Properties. CW acquisition properties 
included indices related to SUBTLEXus logged frequency and range, phonolog-
ical neighborhood indices, Academic Word List, Age of Acquisition/Exposure, 
and Word recognition norms. The higher the score on the CW acquisition factor, 

https://osf.io/jrfa7
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the less frequent, more academic, more formally distinct, and later acquired con-
tent words the OPI contained. 

F2: Function Word Properties. FW properties factor included FW-related 
indices related to imageability, concreteness, age of acquisition, phonologi-
cal neighborhood, contextual distinctiveness, and word recognition norm. The 
higher the FW property score, the less imageable and concrete, later acquired, 
more  formally distinct, more contextually distinctive function words the OPI 
contained.

F3: Trigram Frequency and Strengths of Association. Trigram Frequency 
and SOA factor included indices related to Trigram range and SOA, which par-
ticularly highlights more frequent combinations (Approximate Collexeme and 
T-score). The higher the score on this factor, the more frequent, higher associating 
trigrams the OPI response contained.

F4: Spoken Content Word Distributional Properties. Spoken CW distribu-
tion factor contained COCA spoken frequency and range, McDonald contextual 
distinctiveness (McDonald & Shillcock, 2001), and Bigram character frequency. 

F5: Bigram Frequency and Strengths of Association. Bigram Frequency and 
SOA factor included range as well as four bidirectional SOA measures of this unit. 
As such, the higher the scores on this factor, the more commonly used, highly 
associated bigrams the OPI contained. 

F6: Perceptually Salient Referents. Perceptually Salient Referents factor 
included concreteness and imageability of content words (both positively loaded). 
Since these indices relate to the perceptual salience of the referents of these words, 
the higher the factor score, the more perceptually recognizable words (concrete 
words referring to tangible objects) the OPI contained.

F7: Verb–Direct Object (Verb-dobj) Strengths of Association. Verb-dobj SOA 
factor mainly included SOA measures of Verb-dobj word pairs, with two addi-
tional indices related to contextual distinctiveness and familiarity. The negative 
factor loadings of the Semantic Diversity (SemD; Hoffman, 2013) and familiarity 
measures indicated that the higher score on this factor, the more semantically spe-
cific, fewer familiar words were used in the OPI. The positive loadings of Verb-dobj 
object SOAs would mean that high factor scores associated with the use of Verb-
dobj object pairs, expressing the predicates and a core participant of the clause’s 
prepositional content, more conventional in SUBTLEXus corpus. Taken together, 
the higher the Verb-dobj factor, the more semantically specific word choice was 
made, with arguably more conventional choices of verb-direct object pairs. 

F8: Exclusive Trigram Use. Exclusive Trigram Use factor included strongly 
loaded two Trigram SOA measures (MI and MI2) and moderately loaded function 
word indices that pertain to the formal aspect of the FW words. The higher the 
scores on this factor, the more conventional Trigrams the OPI contained.

F9: Adverbial Modifier Strengths of Association. Adverbial modifier SOA 
factor included four indices related to the Adverbial modifier word pairs and 
a Lexical Decision latency of function words. The higher the factor scores of 
adverb SOA, the more conventional adverbial modifier and their head was used 
in the OPI. 
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F10: Adjectival Modifier Strengths of Association. Adjectival modifier SOA 
factor included four SOA indices of this adjective + noun word pairs and a phono-
logical neighborhood size of function words. Therefore, the higher the adjectival 
modifier SOA factor score, the more conventional adjective + noun word pairs 
were used in the OPI.

3.2 Bayesian Ordinal Regression
Using the 10 factors based on the EFA model, a series of ordinal mixed-ef-

fect regression models were constructed to examine the extent to which the lexical 
use explains the CEFR levels. Since by-rater random slopes for the lexical factors 
did not improve the model fit, the by-rater intercept-only model is reported as the 
best-fitting model. The model was assessed as converged using the R-hat values 
lower than 1.01 and the visual inspection of the posterior predictive distribution 
(Vehtari et al., 2020). The sensitivity analysis indicated that the selection of plausi-
ble alternative prior distribution did not greatly affect the substantive interpreta-
tion of the model parameters (see online supplementary material). Table 2 reports 
the estimated parameters of this model.

Six out of the 10 factors meaningfully predicted CEFR levels as indicated by 
the Credible Intervals (95% CrI; Table 2). These factors were three CW-related fac-
tors, one FW-related factor, one Bigram factor, and one dependency collocation 
factor (Verb–dobj object). Conversely, two trigram factors, adverbial modifier col-
locations, and adjectival modifier collocations were not meaningfully associated 
with the CEFR levels above and beyond other factors. 

All the CW-related factors contributed to predicting the CEFR levels. For 
instance, the model parameter indicated that a 1.0 SD increase in CW acqui-
sition properties was associated with a positive 1.15 SD change in the latent 
distribution of the CEFR levels. By exponentiating the parameter estimates  
(exp[1.15] = 3.158), one SD increase in CW acquisition factor changes the odds 
of being categorized in an adjacent higher level compared to the current level 
by 3.158 (95% CrIodds ratio = 2.24–4.57). Similarly, a positive effect of Spoken CW 
factor indicated that one SD increase in Spoken CW distribution resulted in 
1.58 times the odds of being categorized in an adjacent category compared to 
the current one (95% CrIodds ratio = 1.19–2.09). The negative effect of Perceptually 
Salient Referents indicated that one unit decrease on this factor leads to an 
increased odds of being at the next category compared to the current one by  
1.87 times (95% CrIodds ratio = 1.419–2.509; inverted before exponentiating).

Function-word properties factor, the only FW factor out of the EFA model, 
was positively associated with the CEFR levels. One SD increase in the factor 
would result in the changes in odds of being categorized at the next level over the 
current one by 4.305 times (95% CrIodds ratio = 3.004–6.359).

Two factors tapping into multi-word units predicted the CEFR levels. A pro-
ficient OPI would include more commonly used, strongly associated bigrams, with 
one SD increase on bigram frequency and SOA factor resulting in 1.99 times the 
odds of a performance being categorized at the next level compared to the current 
level (95% CrIodds ratio = 1.462–2.745). The negative coefficient of Verb–dobj SOA 
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indicates that one unit decrease on this factor would result in the increase of odds 
being categorized at a next level compared to the current one by 2.58 times (95% 
CrIodds ratio = 1.896–3.490).

Finally, the model was assessed by examining a confusion matrix as well as 
the quadratic kappa coefficient, which is often used to assess inter-rater agree-
ment. The quadratic kappa on the 255 human ratings (85 speech ∗ 3 raters) was  
0.81, suggesting that the lexical factors can make a satisfactory prediction of CEFR 
levels. Considering that the inter-rater agreement ranged 0.76–0.85, the current 
model achieved a human-level agreement. A visual inspection of the confusion 

Table 2. Summary of the Ordinal Regression Model

Predictors LogOdds Est.Error CrI-Lower CrI-Upper R-hat Bulk_ESS Tail_ESS
Intercept[1] −5.48 0.57 −6.65 −4.41 1.000 1757 2380

Intercept[2] −2.07 0.41 −2.93 −1.29 1.000 2546 2588

Intercept[3] −0.46 0.4 0.65 2.28 1.000 2848 2612

Intercept[4] 4.23 0.48 3.27 5.17 1.000 2821 2862

CW acquisition 1.15 0.18 0.81 1.52 1.000 3320 2738

FW property 1.46 0.19 1.1 1.85 1.000 3384 2712

Trigram Freq 
and SOA

−0.05 0.15 −0.35 0.25 1.000 3628 2924

Spoken CW 
distribution

0.46 0.14 0.18 0.74 1.000 4365 2856

Bigram Freq 
and SOA

0.69 0.16 0.38 1.01 1.000 3035 2845

Perceptually 
Salient 
Referents

−0.63 0.15 −0.92 −0.35 1.000 4230 3125

Dobj SOA −0.95 0.16 −1.25 −0.64 1.000 2906 3099

Excl. Trigram 0.12 0.14 −0.16 0.4 1.000 3082 2940

Advmod SOA −0.14 0.14 −0.42 0.13 1.000 3877 2963

Amod SOA 0.03 0.14 −0.25 0.29 1.000 3942 2942

LogOdds Est.Error CrI-Lower CrI-Upper R-hat Bulk_ESS Tail_ESS

SD(Intercept) 0.48 0.52 0.01 1.93 1.000 1229 1748

Estimate Est.Error CrI-Lower CrI-Upper

Bayesian 
pseudo-R2 
(McKelvery & 
Zavoina, 1975)

0.732 0.031 0.667 0.787

Note. CrI = 95% Credible Intervals. ESS = Effective sample size (in the MCMC sample); R-hat 
≤ 1.01 is considered convergence of the parameter estimates (Vehtari et al., 2020).
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Table 3. Confusion Matrix for Predicted Category

Human Rating Predicted category

A1 A2 B1 B2 > C
A1 10 8 0 0 0

A2 3 35 14 0 0

B1 0 14 73 12 0

B2 0 1 23 23 9

> C 0 0 1 15 14

Note. k = 255 (85 learners ∗ 3 raters).

matrix (Table 3) indicated that all but two predicted data points fell within the 
adjacent levels.

4 Discussion and Implications
Building on previous research on aspects of lexical use and the L2 spoken 

proficiency (Eguchi & Kyle, 2020; Kim et al., 2018), this study investigated the 
dimensions of lexical use in OPI including recently developed, arguably more 
sophisticated measures of lexical collocations. The result of EFA indicated that 
an optimal factor structure with 56 measures was a 10-factor solution, with three 
separate CW-related, one FW-related, three n-gram, and three dependency collo-
cation factors. A subsequent Bayesian ordinal mixed-effect regression indicated 
that 6 out of the 10 factors meaningfully contributed to predicting the CEFR  levels 
of an OPI performance. A quadratic kappa coefficient (0.81) indicated that the 
model was satisfactory in reproducing the human rating on the linguistic range 
assessed according to the CEFR scale. In what follows, three emerging issues are 
discussed. 

4.1 Three Dimensions of CW Use
The result indicated that three CW-related factors contributed to the 

regression model predicting CEFR levels. A more proficient OPI was character-
ized by higher scores on the CW acquisition factor (F1), Spoken word distribu-
tion (F4), and lower scores on Perceptually salient referents (F6). To illustrate the 
patterns highlighted by CW acquisition and Spoken word distribution, Figure 1 
lists randomly sampled 35 words with scores computed using the indices loaded 
on each factor (not weighted according to factor loading). High scores on Y-axis 
mean that the words tend to be learned later (e.g., difficulties, preparation, curi-
osity), reflecting high scores on F1: CW acquisition properties. Arguably, these 
words may allow the speaker to be more precise when they respond to the inter-
views. In contrast, high scores on X-axis indicate that they are more commonly 
used in the Spoken corpus (e.g., came, seems, main, meant), or high scores in the 
F4: Spoken CW distribution. These words do not seem necessarily “advanced” 
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Figure 1. Example Content Words along Two Factors.

as they are frequent content words; however, they would serve critical commu-
nicative functions in the OPI discourse. This visualization appears to support 
the notion of the multidimensional lexical sophistication (Eguchi & Kyle, 2020; 
Kim et al., 2018).

4.2 Low Strengths of Association of Verb–Direct Object 
as Characteristics of Proficient OPIs

One finding t hat c ontrasts w ith p revious r esearch was t he n egative r ela-
tionship between OPI scores and Verb–dobj SOA (Kyle & Eguchi, 2021; Paquot, 
2019; Rubin et al., 2021; Vandeweerd et al., 2021). Since the finding appears to 
contradict the assumption of the measure, namely, the more proficient l earn-
ers should know highly conventional word combinations, a follow-up qualita-
tive analysis was conducted. Table 4 lists 10 example collocations used in OPIs 
from three distinct CEFR levels. One possible reason for high SOA scores from 
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lower CEFR levels is the use of highly formulaic language (e.g., thank you, meet 
you) and widely used component words occupying the direct object (e.g., music, 
anything). At the higher proficiency levels, the OPI tends to contain word pairs 
with low SOAs, (e.g., have__ evaluation), which may have lowered the average 
SOAs. Thus, the current result may also be due to the methodological decision 
because word pairs were absent from the reference corpus were not included in 
the denominator calculating the mean score. More research is needed to best 
handle word pairs that do not occur in the reference corpus.

4.3 Function Words as Characteristics of Proficiency or Task?
As found in previous studies (e.g., Eguchi & Kyle, 2020), function words were 

predictive of the OPI performance. At face value, this may simply indicate that highly 
proficient speakers are adept at using prepositions and conjunctions (see Table 5 for a 
randomly sampled 15 function words). A qualitative examination revealed that func-
tion words with low FW property scores included pronouns, demonstratives, and 
some subordinate conjunctions. On the other hand, words with higher FW property 
scores were those having meanings that are schematic (e.g., among, through), which 
are used to add oblique information (e.g., LOCATION, PATH, etc.). For one thing, 
this suggests that highly proficient O PIs m ay c ontain p ropositionally e laborated 
utterances (by way of prepositional phrases). However, this is not the only interpre-
tation possible. That is, given that the OPI tasks were adaptively selected according 
to the test-takers initial turns, the tasks that are likely to elicit prepositional phrases 
may have been assigned to test-takers who performed reasonably well at the warm-up 
stage, creating a confound in the measurement. A more detailed analysis is needed to 
tease apart the two (potentially complementary) interpretations.

Table 4. Example Verb–Direct Object Collocations for Three Different Proficiency Levels

CEFR level = A CEFR level = B CEFR level = C
Verb–Dobj MI2 Verb–Dobj MI2 Verb–Dobj MI2
have__music 6.271 like__clothe 3.962 have__evaluation 1.87

watch__house 7.288 like__cream 8.173 get__update 4.91

buy__anything 7.614 do__job 13.743 experience__life 6.15

watch__movie 13.731 meet__you 14.495 give__feedback 6.15

meet__you 14.495 do__what 18.696 get__letter 10.18

watch__tv 16.119 like__bedroom NA have__opportunity 10.42

thank__you 19.097 like__summer NA do__that 15.81

eat__coffee NA go__festival NA expand__horizon 15.86

like__summer NA want__london NA say__university NA

like__swimming NA like__culture NA improve__tech NA

listen__music NA enjoy__culture NA evaluate__teacher NA
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5 Conclusion
Before concluding the study, a few limitations and future directions 

are worth mentioning. First, the number of OPI interviews was limited to 85 
interviews, which was quite smaller than the previous study (1,281 interviews; 
Eguchi & Kyle, 2020). Despite this limitation, one strength of the current study 
included recruiting three raters (with a completely crossed design), which allowed 
the estimation of the rater variabilities (see online supplementary material at w 
https://osf.io/jrfa7/). However, it is still ideal to increase the size of the OPI inter-
views to estimate the category-specific effects of lexical factors; that is, whether 
each lexical factor is more or less effective in differentiating the range score, and 
if so, at which proficiency levels. During the analysis, I indeed estimated catego-
ry-specific effects for each of the 10 factors, but the model showed the tendency 
of overfitting, likely because of the small sample size. With increased N sizes, 
it would be beneficial to examine which proficiency levels each lexical use fac-
tor would have the most discriminatory power, which may in turn speak to the 
developmental stages of lexical performance. Second, the unit of analysis used 
in this study was the entire OPI, not tasks within OPIs, because of short by-task 
productions. The result of the study, particularly that of FW-related factors, 
suggests that it is worthwhile to investigate moderating effects of tasks when 
predicting proficiency. As such, the field would merit examining the minimum 
text lengths for lexical sophistication indices, which is done in lexical diversity 
indices (e.g., Zenker & Kyle, 2021). Although the method used to examine the 
stability of lexical diversity is not easily transferrable in the study of lexical 
sophistication, such research enables researchers to design tasks to elicit enough 
utterances to investigate task effects on lexical complexity. 

Table 5. Example Function Words with FW 
Property Scores

Function words FW property
she −0.886

like −0.737

if −0.287

past −0.171

this −0.127

when −0.104

from 0.271

some 0.279

that 0.285

without 0.354

following 0.358

so 0.407

among 0.457

through 0.565

https://osf.io/jrfa7/
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Despite the potential limitations, the current study is generally in line with 
the conclusion of the previous studies (Eguchi & Kyle, 2020; Kim et al., 2018). 
Taken together, the multidimensional approach to lexical and phraseological 
sophistication would reveal salient dimensions of both context-specific and/or 
proficiency-distinguishing features of lexical use in task-based performance. The 
study further demonstrated that not only the use of content words but also that 
of function words and phraseological units contribute to the assessment of lexical 
ranges. Future studies should examine more detailed task effects and text-length 
effects on the measurement of lexical sophistication.
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Abstract
In this brief report, we present a scoping review of 31 second language 
(L2) vocabulary research syntheses published in the Web of Science 
from January 1990 to May 2022. The purpose of this undertaking was to 
understand what L2 vocabulary research synthesizers have aggregated 
and the investigative foci they intended to address. It was observed that 
most of the cataloged reports were experimental design meta-analyses, 
and thus there was room for future research syntheses in the vocabu-
lary space to consider correlational research questions and hypotheses. 
Because systematic reviews were relatively scarce, there is also a need for 
these types of syntheses to be conducted in the future, especially those 
focused upon the observed quality of aggregated L2 vocabulary research.

Keywords: L2 Vocabulary, Scoping Review, Research Synthesis, Meta-
analysis, Systematic Review

1 Introduction
In the 1990s, the importance of vocabulary in both second language acqui-

sition (SLA) research and in teaching began to take form. It would not be an over-
statement to claim that vocabulary research has come to comprise one of the major 
strands of both instructed SLA research and foreign language teaching guidance 
(see review in Nicklin & Vitta, 2021). As the focus on vocabulary developed, the 
number of second language (L2) researchers conducting research syntheses has 
also grown. As noted by Raeisi-Vanani et al. (2022), research syntheses have gained 
popularity in many academic areas, including applied linguistics, to become a 
standard by which researchers aggregate the findings of past studies addressing 
a common research question (RQ) or hypothesis. In this brief report, we present 
a scoping review of the L2 vocabulary-focused research syntheses published over 
the last three decades with a subsequent consideration of future directions.

2 Background and Research Questions
When properly conducted, synthetic reviews, subsuming focused system-

atic reviews and broader scoping reviews, are grounded in literature-driven RQs 
(O’Connor et al., 2008; Vitta et al., 2021). To that end, the following RQs drove 
this current review and are presented with a brief summary of the theory and/or 
literature in which they are situated.

https://doi.org/10.7820/vli.v11.2.al-hoorie
http://vli-journal.org
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RQ1. What types of vocabulary-based research syntheses were conducted 
between January 1990 through May 2022?

1. Meta-analysis vs. Systematic reviews reviews?
2. For meta-analyses: Correlational vs. experimental?
3. For systematic reviews: What type (e.g., methodological synthesis)?

Regarding RQ1 and its sub-questions, a meta-analysis is the aggregation of effect 
sizes (e.g., Pearson’s r) from studies addressing a common RQ or focus (Ahn & Kang, 
2018). Lin and Lin (2019), for instance, aggregated effect sizes for experimental stud-
ies where the treatment group learned target vocabulary via mobile applications for 
language learning (MALL), and the comparison group studied these words without 
this technology. This meta-analysis is an example of an experimental meta-analysis 
in that the reports featured experimental designs where researchers manipulated the 
experiences of participants to ascertain the relative effects of vocabulary study with 
MALL. Correlational meta-analyses, such as Zhang and Zhang (2020), aggregate 
effect sizes from correlation studies focusing on a common research focus, which in 
their case was vocabulary’s association with reading and listening.

As the name implies, systematic reviews feature a systematic process where 
past reports are selected and analyzed according to a predetermined process to 
address a RQ or set of RQs (O’Connor et al., 2008). What differentiates a system-
atic review from a meta-analysis is that the aggregation of effect sizes is not of 
primary interest, but rather the features and characteristics of the selected reports. 
Sometimes reviews are scoping in nature, which implies that they cover a broader 
“scope” than an ordinary, more focused systematic review (Munn et al., 2018). 
Scoping reviews are helpful in proving a general overview of a body of knowledge 
and in identifying gaps in it. Elgort (2018), for instance, reviewed 82 technology- 
mediated vocabulary development (TMVD) studies to investigate the methodology 
and approaches of researchers in this domain. Systematic reviews can also be purely 
methodology focused; in which case they are called methodological syntheses. For 
example, 110 experimental instructed vocabulary studies were examined by Vitta 
et al. (2021) to determine the extent to which researchers in this domain adhered to 
three basic methodological requirements of generalizable parametric testing: sam-
ple size planning, randomization, and multi-site participant recruitment.

RQ2a. What are the descriptive characteristics of these reports (e.g., size of 
report pool, aggregate sample size)?

RQ2b. To what extent did meta-analyses in the report pool employ inferential 
testing? Which tests were employed?

RQ2a was addressed to provide a summative scope of the L2 vocabulary research 
that has been synthesized thus far in terms, for example, of how many studies 
L2 meta-analysts generally collate for a report. RQ2b relates to the notion that 
meta-analysts should conduct inferential Q-tests to determine the extent to which 
the studies are estimating the same effect size while accounting for within-study 
random error (Borenstein et al., 2009). While Q-testing is the norm for meta- 
analyses, Yanagisawa and Webb (2021) published a meta-analysis where each 
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study appeared to be a case in inferential testing but where the sample size of the 
individual studies was used to correct the standard errors, and thus the “spirit” 
behind the Q-test procedure appeared to be respected.

RQ3. What areas have L2 vocabulary research syntheses investigated?

As the current report presents a brief scoping review, RQ3 was posed to inves-
tigate the areas that L2 vocabulary research synthesizers have considered. This 
process often features selective codings for the research foci of the reports cata-
loged in the report pool. Zou et al. (2021) for instance provided frequencies of the 
digital game types (e.g., simulation and role-playing games) found in the treatment 
and learning conditions for L2 vocabulary acquisition studies. RQ3 in a similar 
vein was addressed by a selective coding categorization process where studies 
were grouped according to their investigative foci. This process led to the final RQ 
(i.e., set of sub-questions) governing the study:

RQ4a. When reviewing meta-analyses in the pool, which areas emerge as 
being conclusively addressed? and which areas emerge as requiring further 
investigations?

RQ4b. What are apparent gaps in the existing body of L2 vocabulary systematic 
reviews?

RQ4a and RQ4b were post-hoc and therefore exploratory and speculative in 
nature but are nonetheless useful for addressing areas where second (“when?” or 
“under what conditions?”) and third (“how?”) generation RQs (Zanna & Fazio, 
1982) would be warranted. Few L2 reports have considered this notion and it was 
absent from our vocabulary-based report pool. In one of the few L2 reports to 
consider Zanno and Fazio’s framework, Vitta and Al-Hoorie (2020) presented a 
suggestion that since the effectiveness of flipped classrooms was somewhat con-
clusive (i.e., g = 0.58 when corrected effect for publication bias), future researchers 
should pivot toward investigating when and how flipped classrooms worked in L2 
settings, which are second and third generation questions, as opposed to if they 
worked, which is a first-generation question.

3 Method

3.1 Report Pool Creation
The Web of Science was searched on 09 May 2022 using the parameters listed 

in Table 1. The automated search selected 219 reports. One researcher screened 
the abstracts of these 219 selected reports and selected 34 for further investigation. 
A second researcher screened the same set and there were only five disagreements 
observed (i.e., 97.71% agreement; κ = 0.91) which was quickly resolved through dis-
cussion. At the end of the report pool creation process, 31 reports were included 
in the finalized report pool. The reliability was high most likely because of the 
small number of abstracts and the fact that the coders have experience in coding 
research syntheses.
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Figure 1 details the process of the report pool process according to 
PRISMA (Page et al., 2021) standards. It is noteworthy that the WoS focus 
resulted in no duplicated reports for omission and in general a much more 
straightforward process. In line with past review projects in L2 research (e.g., 
Al-Hoorie et al., 2022; Hiver et al., 2021), the WoS restriction was used to iso-
late what many consider to be the best the field has to offer in terms of quality 
(see argument of Zhang, 2020, citing Al-Hoorie & Vitta, 2019). This restric-
tion was further justified by the stated RQs that were posed to inform future 
research and practices.

3.2 Coding
The 31 selected reports were coded by two researchers in tandem following 

the protocols stated in Al-Hoorie et al. (2022) as there were numerous categories 
requiring judgments. The tandem coding reduced the potential for individual 
variation of judgments and the same researchers had a high degree of reliability 
observed when independently coding the 219 abstracts during the screening pro-
cess. The codes can be found in the shared data sheet on: https://www.iris-database.
org/iris/app/home/detail?id=york%3a940835&ref=search, where each judgment is 
subsumed under its governing RQ.

4 Results and Discussion

4.1 RQ1: Scope of L2 Vocabulary Research Syntheses
Of the 31 coded reports, there were 24 meta-analytic research syntheses, 6 

systematic reviews, and 1 coded as being both (see Table 2 for details). Besides 

Table 1. Report Pool Search Parameters

Feature Details and explanation
Time 
period

01 January 1990 to 09 May 2022 – start date is beginning of Web of Science (WoS) 
Coverage

Indexes 
search

WoS Core Collection

Search 
terms

((meta-analysis) OR (systematic review) OR (research synthesis) OR 
(method* synthesis)) AND ((L2) or (second language) or (foreign language)) AND 
((vocabulary) OR (lexi*))
- “topic” search: title, abstract, keywords, and keywords plus (a unique WoS feature)
- Three sets of terms (i.e., research synthesis, L2, vocabulary terms)
- L2 terms taken from Vitta and Al-Hoorie (2020)
- Vocabulary terms from Nicklin and Vitta (2021)

Selection 
criteria

1. Report is a research synthesis report.
2. Report focuses on both L2 learners and vocabulary

• Vocabulary featured alongside other constructs such as grammar 
(e.g., Jeon & Yamashita, 2014) retained.

3. Report is written in English.

Note: In line with Al-Hoorie et al. (2022), the automated WoS search was conducted via a “topic” search to limit 
the number of false positive reports that would be selected at this stage of the report pool creation process.

https://www.iris-database.org/iris/app/home/detail?id=york%3a940835&ref=search
https://www.iris-database.org/iris/app/home/detail?id=york%3a940835&ref=search
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this trend, there were also strong observed preferences for experimental and 
methodological foci among reviewed meta-analyses, and systematic reviews 
respectively. As argued by Nicklin and Vitta (2021), L2 instructed vocabulary 
research lends itself to experimental designs. The focus on methods in system-
atic reviews could be attributed to the ongoing methodological review in L2 
research as these reports were published after the seminal work of Plonsky and 
Gass (2011), which acted as a call for reform that was perhaps the first to garner 
wide-spread attention.

The two systematic reviews coded as thematic reviews interestingly focused 
upon the inferential models that vocabulary researchers presented. Choi and 

Source: Adapted from Page et al. (2021).
Note: Studies/reports contrast removed because all reports were L2 vocabulary-based syntheses.

Figure 1. Report Pool Creation Flow Chart.
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Zhang (2021) reviewed multivariate models where grammar and vocabulary pre-
dicted reading, concluding that there was insufficient evidence to say which was 
the stronger predictor. Because the authors reviewed effect sizes thematically, the 
report was not a meta-analysis nor a methodological synthesis as the methods of 
the report pool’s studies were not in focus. In a similar vein, Squires et al. (2020) 
thematically reviewed the models and findings of studies investigating cognate 
influences and multilingual children’s vocabulary without aggregating data in a 
meta-analytic manner.

4.2 RQ2: Details of Aggregated Studies in L2 Vocabulary Research 
Syntheses

RQ2a. The 31 reviewed reports featured 1,198 synthesized studies with 
85,154 reported participants (see Table 3 for further details). To put these figures 
into context, Plonsky and Oswald (2014) executed a broad search of L2 quanti-
tative research and synthesized 394 primary studies and 94 meta-analyses where 
the total number of participants comprised 604,000. While the data points in 
Table 3 are smaller than Plonsky and Oswald’s aggregated data, these values 
are still reasonable considering the strict vocabulary focus and Web of Science 
restriction of this current review.

It was unsurprising that the systematic reviews omitted effect sizes, but 
it was surprising that 4 of the 25 meta-analytic reports omitted summary  
statistics for the total aggregated number of participants, while 9 omitted  
summaries for aggregated effect sizes. This highlights a potential quality  
control issue because Q-testing and inferential alternatives require this  
information for their calculations (Borenstein et al., 2009; Yanagisawa & 
Webb, 2021).

Table 2. Features of the Research Syntheses in the Report Pool

RQ Type k
1a Meta-analysis 25a

Systematic review 7b

1b Experimental meta-analysis 21
Correlational meta-analysis 4

1c Methodological synthesis 4c

Other systematic review 3d

aIncluding 24 bona fide meta-analyses and Nicklin and Vitta (2021), who aggregated effect sizes 
without Q testing and overtly stated the aggregated effects for power simulations as opposed to a 
wide-scoping inquiry seeking to make generalizable claims about the population.
bLin and Lin (2019) claimed a systematic review and meta-analysis design but the report was 
coded here as meta-analysis only because the systematic review was not executed according to 
the protocols of O’Connor et al. (2008). Nicklin and Vitta (2021) coded as both meta-analysis and 
systematic review.
cElgort (2018) and Yang et al. (2021) coded as methodological syntheses as their reviews synthesized 
areas to answer research questions mostly focused on methods.
dTwo thematic reviews and one broad overview of digital gaming and vocabulary research that could 
have been labelled a scoping review despite the authors’ label of systematic review.
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RQ2b. Of the 25 meta-analyses, 17 featured Q-testing as the inferential 
assessment testing the significance of the reported aggregated effect size(s) and/
or moderator analyses. Of the eight meta-analyses not using Q-testing, 5 fea-
tured parametric testing where procedures were stated to treat each effect size as 
a “case.” Three (3) reports had no inferential assessment with only Nicklin and 
Vitta (2021) offering a justification as to why. In the case of Nicklin and Vitta, 
Q-testing was avoided to capture the full heterogeneity of studies’ effect sizes by
using a simpler approach to ascertain effect sizes for a series of power analyses.

As a post-hoc to the analysis of RQ2, we decided to ascertain the relation-
ship between the frequency of the publication of L2 vocabulary research syntheses 
and time. As Figure 2 illustrates, the number of reports has increased with time, 
which was confirmed via Spearman’s rho analysis, n = 10, ρ = 0.74 [0.21, 0.93]. Rho 
was used to quantify the trend illustrated in Figure 2 as opposed to making a 
generalization beyond the sample. Nevertheless, this trend demonstrates that the 
interest in synthesizing L2 vocabulary research is growing, at least in published 
Web of Science reports, and thus the time is ripe to consider the best directions 
going forward.

4.3 RQ3: Categorization of Topics
In the bottom-up coding addressing this question, it became apparent that 

only some areas had been investigated with enough frequency to warrant the con-
struction of a category. In other words, a grouping category was constructed and 
presented only if more than three reports fit into it. The rationale for this approach 
is twofold. Firstly, the categories listed represent areas where several synthesis 
efforts have taken place and we can consider how robust the findings are in the 
aggregate because they are not beholden to one or two author teams. Secondly, 
areas not represented in these categories should be viewed by future designers of 
L2 vocabulary research syntheses as being potentially worthy of further explora-
tion. Having stated these points, the three categories constructed were (1) tech-
nology use and vocabulary subsuming CALL, MALL, and digital games, and 
excluding glossing (k = 9, of which one was exclusively MALL), (2) vocabulary 
as a predictor of reading (k = 4, of which one also considered listening), and (3) 
glossing of target vocabulary items (k = 5). Although glossing research synthe-
ses did mostly focus upon technology (e.g., Ramezanali et al., 2021), the theoret-
ical underpinning of the synthesized research was distinct and as four glossing 

Table 3. Descriptive Details of L2 Vocabulary Research Syntheses’ Aggregated Studies and their 
Components

Meta-analyses 
(k = 24)

Systematic 
reviews (k = 6)

Nicklin and Vitta 
(2021; MA & SR)

Number of studies 791 326 81
Number of participants 78,811 6,343 NA
Number of effect sizes 3,656 NA 453

Note: MA = meta-analysis; SR = systematic review.
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reports were observed in the report pool, a separate category was constructed. 
These categories, as a final note, should be considered with caution as the claim of 
 homogeneity of the reports subsumed under them is tenuous.

The remaining 17 research syntheses in the report pool represented a 
divergent range of interests, but that is not to say that the topics were scatter-
shot. Instead, there were cases where the same researchers appeared to offer 
multiple complementary reports. Uchihara et al. (2019), for instance, published 
a meta-analysis on the effects of repetition on incidental vocabulary learning 
and 2 years later, Yangisawa and Webb (2021) meta-analyzed research on the 
task involvement load’s predictiveness on vocabulary learning. In between 
these reports was another meta-analysis by Webb et al. (2020) on inten-
tional learning and vocabulary gains. In a similar vein, Vitta et al. (2021) and  
Nicklin and Vitta (2021) published research syntheses on the quality of 
L2 vocabulary experimental sampling practices along with sample size 
recommendations.

4.4 RQ4: Future Directions
RQ4a. In the three categories constructed to address RQ3, some meta- 

analyses presented aggregated effect sizes to support three empirical trends 
(see shared data for studies and summary of findings):

• Technology enhances the acquisition of vocabulary.
• Glossing enhances the acquisition of vocabulary.
• Vocabulary predicts reading proficiency (and listening proficiency  

[see Zhang & Zhang, 2020]).

Figure 2. Frequency of L2 Vocabulary Research Syntheses’ Publication over Time.
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These trends can be viewed as addressing first-generation RQs (Zanna & Fazio, 
1982), which merely ask “if” a treatment is effective. For example: Is technol-
ogy effective in supporting the acquisition of vocabulary? Future researchers can 
extend on these trends to ask second- (e.g., “when?” and “under what condi-
tions?”) and third-generation RQs (e.g., “how” a given treatment works) under 
Zanna and Fazio’s framework.

What such research projects would look like are modeled using examples 
from the report pool. Consider glossing as an example with Abraham’s (2008) find-
ing that glossing had strong yet nonsignificant effects for more proficient learners. A 
second-generation RQ-governed project could address the conditions under which 
this finding holds true. To illustrate the potential of a third- generation RQ consider 
Zhang and Zhang (2020), who presented a moderator analysis detailing that vocab-
ulary knowledge when measured via meaning recall had a significantly stronger 
association with reading than when such vocabulary knowledge was measured via 
form recall1 or meaning recognition. To explain the “how” of this finding, research-
ers could design mixed-methods studies where qualitative data helps to explain 
what meaning recall is testing to give it its significantly stronger association.

RQ4b. Because there were only seven systematic reviews, it is difficult to 
make generalizations. However, one report did present findings challenging one 
of the core principles of vocabulary research: its primacy in the language learning 
process. Choi and Zhang (2021) reviewed multivariate models where vocabulary 
and grammar predicted reading and reported that it was inconclusive as to which 
construct provided the stronger association. This contradicts the assumption that 
vocabulary is the prime competency of receptive skills and even productive skills 
(see review in Nicklin & Vitta, 2021). On one hand, only 17 reports were synthesized 
and the claim was not assessed via inferential meta-analytic testing. On the other 
hand, Choi and Zhang (2021) pointed to second-generation RQs being needed in 
highlighting that factors such as proficiency, context, and other covariates would 
affect the observed effect sizes in these models, and thus this report is really a call 
to improve research methods when investigating how grammar and vocabulary 
predict reading. In doing so, this report complements the general drive to improve 
SLA quantitative research as the field matures (see Gass et al., 2021).

In addition to the controversial finding of Choi and Zhang (2021), the lack 
of quality-focused methodological syntheses is something vocabulary researchers 
can address in the future. Of the five reports coded as methodological syntheses, 
only two directly addressed issues of quality while making recommendations. 
These pertained to the quality of L2 experimental samples (Nicklin & Vitta, 
2021; Vitta et al., 2021) but the spectrum of quality in L2 quantitative research 
is much broader than that (see Al-Hoorie & Vitta, 2019; Plonsky & Gass, 2011), 
and this is an area for future exploration. The quality of qualitative research 
can also be assessed but from the clear imbalance favoring meta-analyses it is 
evident that L2 vocabulary research, at least what has been synthesized, tends 
to be quantitative. This is an important point as the methods reform in the field 
is still relatively new (Gass et al., 2021), and recommendations for improvements 
based upon empirical observations have been made. For example, just 1 of 110 L2 
experimental vocabulary reports in top journals considered power in an a priori 
manner (Vitta et al., 2021).
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5 Conclusion
In this brief scoping review of L2 vocabulary syntheses (k = 31), it was 

observed that vocabulary-based research synthesizers prefer to conduct 
meta-analyses of experimental effects, as opposed to systematic reviews or 
meta-analyses of correlational effects. In line with the growing popularity of 
research syntheses across academia in general, the amount of these reports 
with a vocabulary focus published per year has increased with time. It was also 
observed that just under half of these reports could be subsumed under three 
general categories: technology and vocabulary use, glossing effect on vocab-
ulary acquisition, and vocabulary as a predictor of reading. While trends did 
appear in the other half of the reports, they were too infrequent to categorize. 
The findings of this study lead to the call for future L2 vocabulary research 
to consider second- and third-generation RQs (Zanna & Fazio, 1982), such as 
“when/under what conditions” and “how” certain phenomena in vocabulary 
research exist, while highlighting gaps to be addressed by more advanced and 
robust research approaches.

Authors’ Endnote
In his discussion of this paper, Dr. Kyle noted that he could only mostly rep-

licate the observed 219 hits in the WoS with the stated search string on his end 
(207–208 hits). After further correspondence with Dr. Kyle, the authors were able 
to reconfirm the 219 hits (correcting for index date updates) on the WoS (from the 
second author’s access to the index) in this paper, but it does seem that location and 
institutional access might be causing the slight discord observed. Both Dr. Kyle 
and the authors agree that this is an intriguing area to be further explored.

Note:

1. The authors claimed a significant difference despite marginal CI overlap 
between form and meaning recall. We have given the authors the benefit of 
the doubt in this regard.
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Abstract
The substantive component of construct validity requires a con-
frontation between empirical test results and content relevance. The 
Vocabulary Size Test (VST) has been extensively validated in terms of 
empirical results. Less is known, however, about expert judgments of 
content relevance. The VST was constructed and validated according to 
the principle that frequency underlies vocabulary acquisition. This does 
not mean, however, that the two are equivalent. To better understand 
the construct of word difficulty as it is measured in VSTs, the results 
of two Rasch analyses, one on the VST, the other a Multi Facet Rasch 
Model (MFRM) of a questionnaire distributed to education practi-
tioners were correlated (n = 80, r = 0.67, p < 0.001, 95% CI = [0.53, 0.77]). 
Semi-structured interviews were then conducted to explore how prac-
titioners understand the concept of word difficulty. Findings indicate 
that word difficulty is understood to encompass more than frequency, 
validating recent research into the predictive power of lexical sophisti-
cation variables.

Keywords: Construct Validity, Lexical Sophistication, Rasch Analysis, 
Word Difficulty

1 Background
The design of the vocabulary size test (VST) is predicated on the idea that 

the difficulty of learning a word is directly correlated to the frequency of that 
word (Nation & Beglar, 2007). The frequency effect underlies a great deal of our 
understanding of how languages are acquired in either a first (L1) or second (L2) 
language (Ellis, 2002). Those who have designed tests such as the VST have long 
acknowledged that frequency is not the only factor that may contribute to word 
learning difficulty (Beglar, 2010; Nation & Beglar, 2007). Recently, however, 
there has been increasing interest in what other variables affect word difficulty 
(Canning et al., 2022; Hashimoto, 2021; Hashimoto & Egbert, 2019; Stewart et al., 
2022; Vitta et al., 2022).

Research in this area has shown that variables other than frequency do in 
fact play a key role in word learning difficulty. Examples include studies on range   
(Kyle & Crossley, 2015; Kyle et al., 2018), word length, (Ellis & Beaton, 1993; Willis 
& Ohashi, 2012), and word neighborhood (Hashimoto & Egbert, 2019), that have 
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shown that these variables significantly predict word difficulty. Similarly, the sta-
tus of a lexical test item as a loan word has also shown to influence word difficulty 
(Canning et al., 2022; Laufer & McLean, 2016; Willis & Ohashi, 2012).

Taken together, studies on variables affecting word learning difficulty have 
demonstrated that the construct is defined by more than frequency. There has 
been little discussion, however, as to the substantive construct of word difficulty. 
Frequency appears to explain word difficulty through analyses of test results, but 
frequency is not equivalent to the construct. This paper is an attempt to judge con-
tent relevance by asking practitioners to first rate a set of words derived from the VST 
on their perceived difficulty. These ratings were then correlated with item difficulty 
derived from the VST. Finally, the raters/practitioners were asked for the reason-
ing behind their judgments. In an attempt to demonstrate the “confrontation,” in 
Messick’s words, between empirical test results and “judged content relevance” on 
the other, rater judgments were correlated with the response consistencies derived 
from the VST (1988, p. 62). This was done to investigate two research questions:

(1)  To what degree do expert ratings of word difficulty correlate with actual 
word difficulty as operationalized through the VST?

(2)  To what degree do expert explanations of word difficulty corroborate our 
understanding of the construct of word difficulty as entailing more than 
frequency?

2 Methods

2.1 Participants

2.1.1 VST
The 80-item version of the VST was administered to 3,449 first-, second-, 

and third-year university students in a number of different universities in Eastern 
Japan (McLean et al., 2014). Of this group, only those students claiming their L1 
as Japanese were considered for this study (N = 2,999) (For more details on data 
collection, see McLean et al.).

2.1.2 Rater judgments of difficulty
A survey on the perceived learning difficulty of the 80 words on the VST was 

administered to 31 teachers of English as a foreign language currently living in 
Japan. The average number of years teaching English as a foreign language was 
16.6 years. 19 participants were L1 English speakers, and 12 participants listed 
their L1 as other than English.

2.2 Instruments

2.2.1 VST
Data collected from the 80-item version of the VST (Nation and Beglar, 

2007) was used for this study. For details on its construction and administration, 
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see McLean et al. (2014). Results were derived from a dichotomous Rasch analysis 
conducted via Winsteps (Linacre, 2022). Word difficulty as a dependent variable 
was calculated in logit scores from this analysis.

2.2.2 Rater judgments of difficulty
A rating scale was administered online to elicit teacher judgments of word 

difficulty. The Likert-type scale ranged from 1: This word is very difficult to learn, 
to 6: This word is very easy to learn (See supplementary online materials at osf.
io/k28my for the complete scale). Results of the questionnaire were submitted to a 
Rasch analysis along three facets: rater, item, and L1 of the rater. The third facet 
was included to determine if the L1 of the rater contributed to a bias in judgments 
of word difficulty. Rasch analysis was used to determine the fair average of lexical 
difficulty, that is, a difficulty measure that “corrected” for the relative severity 
or leniency of the raters (Bond et al., 2021, p. 177). In this Multi Facet Rasch 
Model (MFRM) analysis, raters are treated as “independent experts,” whose 
understanding of the relative difficulties of the words can be measured on a com-
mon logit scale that accounts for individualized interpretations of the Likert scale 
(Bond et al., 2021, p. 175).

Brief online interviews were conducted with 21 of the 31 respondents. In 
these semi-structured interviews, one word was chosen at random from each of 
the categories the raters had assigned. The participants were asked about their 
reasoning for assigning a given category to the chosen word.

3 Results

3.1 VST: Substantive Aspect of Construct Validity
The substantive aspect of construct validity of the VST is predicated on the 

theory that frequency is a correlate for word-learning difficulty. This is then cor-
roborated by observing that the difficulty continuum, as determined by the Rasch 
analysis, is in line with frequency levels (Beglar, 2010). Design and validation stud-
ies (Beglar, 2010; Nation & Beglar, 2007) of the VST make no claims that frequency 
and word difficulty are one and the same construct, only that vocabulary acqui-
sition is likely to follow exposure to input in the language, and that the frequency 
effect then accounts for why words encountered more often are “easier,” in terms 
of test scores, than more “difficult” words encountered less frequently (see Ellis, 
2002, for a discussion of the frequency effect in second language acquisition).

Word difficulty was calculated from the Rasch analysis of the VST and 
represented in logit scores. Representativeness, responsiveness, and technical 
quality of the instrument were verified. Similarly, the technical quality, respon-
siveness, and representativeness of the Rasch analyses of the rating judgments 
were assessed. Details of these analyses are available in the online supplementary 
materials at osf.io/k28my. To determine if rater judgments of difficulty reflected 
the construct being measured by the VST, the logit scores of both analyses were 
correlated.
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Teacher judgments of word difficulty item logit scores correlated strongly 
with VST logit scores at r = 0.67, p < 0.001, 95% CI = (0.53, 0.77) (assumptions 
of parametric testing met; see Appendix A). This observed correlation value 
converges well with values involving frequency and word difficulty, e.g., r = 0.50 
(Hashimoto, 2021) and r = 0.78 (Stewart et al., 2022). The inclusion of L1 as a facet 
in the MFRM, additionally, indicated no bias in the determination of word dif-
ficulty. Teacher-raters were then asked what it was about a subset of those words 
that made them more or less difficult to learn. These qualitative findings are dis-
cussed below and suggest that their theoretical understanding of the word diffi-
culty construct involves more than frequency.

3.2 Rater Judgments of Difficulty: Structural Aspect of Construct 
Validity

Positive and negative residual loadings of a principal components analysis were 
scrutinized for potential patterns. Positive loadings above 0.50 were noted to be diffi-
cult items, ranging from 0.72 to 2.11 logits. Negative loadings below −0.49 were easy 
items, ranging in logit difficulty from −2.99 to 0.92. Crucially, most negative loadings 
were English words with loanword counterparts in Japanese (Canning et al., 2022; 
Daulton, 2008). Although the scree plot did not appear to suggest a second dimen-
sion, there was a clear pattern to the positive and negative loadings. These findings are 
summarized in the supplementary online materials at osf.io/k28my.

3.3 Interview Findings
To determine how raters conceptualized the substantive construct of word 

difficulty, 21 of the 31 participants were interviewed. These interviews were coded 
on emergent themes. In the semi-structured interviews, raters were asked seven 
questions, the first six about what made a word they had assigned to each diffi-
culty level easy or difficult to learn. The seventh question asked the raters if there 
was anything else they would like to say about word-learning difficulty that they 
had not covered earlier. Any given code was only used once per question, although 
multiple different codes were permitted for a single question. A summary and 
description of the codes can be found in the supplementary online materials at 
osf.io/k28my.

The results of this coding process are summarized in Figure 1. They show 
that education practitioners understand the construct of word difficulty as multi-
faceted. Frequency is the second most mentioned factor, following the conceptual 
difficulty of a word. That a word has a parallel in the learner’s L1 was thought to 
play a key role in determining its learning burden. Importantly, this code includes 
loanword status.

4 Discussion and Conclusion
The findings in this study demonstrate that the substantive aspect of construct 

validity of the VST is understood by education practitioners to be multifaceted. 

http://osf.io/k28my
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As hypothesized, rater judgments of word difficulty correlated with VST logit 
scores. Semi-structured interviews with raters indicated that they conceived of 
word difficulty, presumably the underlying construct reflected in the VST, as made 
up of more than frequency. Factors such as the conceptual difficulty of a word, 
its parallels in L1 (including loanword status), and the utility of the word in daily 
life were all identified as important to its learnability. These findings are consis-
tent with recent research showing that word difficulty is predicated on more than 
frequency (Canning et al., 2022; Hashimoto, 2021; Hashimoto & Egbert, 2019; 
Stewart et al., 2022; Vitta et al., 2022).

Certain words present lower learning burdens to specific populations of 
learners. A L2 word that corresponds to a L1 loanword can facilitate its acqui-
sition in terms disproportionate to its frequency. As a variable, loanwords have 
been shown to predict word learning difficulty (Willis & Ohashi, 2012) and to 
affect VST scores (Laufer & McLean, 2016). In Canning et al. (2022), a multiple 
linear regression model found that in addition to frequency, loanword status was 
a significant predictor of word difficulty on the VST difficulty scores analyzed in 
the current study.

The conclusions of the present study are tempered by several limitations. 
First, the interview data was coded by a single rater. Future mixed methods stud-
ies in this area should adopt more stringent approaches to the analysis of qualita-
tive data. Finally, not all avenues of validation made available by the Rasch model 
were utilized. To better understand how elements of word difficulty contribute to 
VST scores, concurrent validity studies will need to match standards set in previ-
ous research.

Figure 1. Frequency of Reasons Given for Word-Learning Difficulty.
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Appendix A

Assumption Check of Correlation between Aggerated Teacher 
Judgments and Word Difficulty Logits

The assumptions of the correlation were checked using the parametric test-
ing checklist found in Vitta et al. (2022) and Stewart et al. (2022) which referenced 
relevant applied statistics theory. The assumptions of linearity and homoscedas-
ticity appeared to be met after inspecting the standardized residual and pre-
dicted values scatter plot. The F test for heteroscedasticity was nonsignificant 
(p = 0.289; F [1, 78] = 1.14) and thus there was further empirical evidence that 
the errors had equal variance across the model. The observed Durbin-Watson 
value (= 1.36) was within the acceptable range (1 to 3) and thus autocorrelation 
(or  natural ordering in cross-sectional designs) was not a concern. The observed 
maximum Cook’s distance (max = 0.23) and centered leverage (max = 0.09)  values 
were under 1 and thus no case had undue influence in the model. Finally, the 
residuals displayed an approximate normal distribution as the absolute z-scores 
for both skew (z = 2.52) and kurtosis (z = 1.78) were under the 3.29 threshold. This 
implied that the parameters of the model could be generalized with confidence 
to the population.
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Abstract
This paper represents a summary and discussion of the three 
studies  presented at the morning session of the Fall 2022 JALT 
Vocabulary  SIG. The papers, which were written by Ali Al-Hoorie, 
Masaki Eguchi,  Derek Canning, Stuart McLean, Christopher Nicklin, 
and Joseph Vitta,   represent a range of topics and study designs that 
are common in recent  vocabulary research. These include a systematic 
scoping review, a vocabulary assessment validation study, and a study 
of the relationship between features of productive lexical use and oral 
proficiency. For each study, a brief summary, followed by a discussion 
of the particularly admirable qualities of each study and suggestions 
for future research have been provided. Furthermore, the studies are 
discussed in light of the open science movement.

Keywords: lexical sophistication, lexical richness, research synthesis, 
scoping review, vocabulary size test, substantive validity, Rasch anal-
ysis, open science

1 Introduction
The Japanese context is a particularly rich area for a wide range of vocabu-

lary research. I was therefore quite honored (and humbled) to be asked to serve as 
one of the discussants for the 2022 JALT Vocabulary SIG. The morning session 
of the Fall 2022 Vocabulary SIG included three papers that represent a range of 
topics that are common in vocabulary research. The first study (Eguchi, 2022) 
represents recent research on multivariate approaches to lexical sophistication, 
and highlights the importance of index selection, statistical choices, and the con-
sideration of register when interpreting results. The second study (Al-Hoorie 
et al., 2022) highlights the wealth of vocabulary learning research that has been 
conducted in the last 30 years through a scoping review of research syntheses. 
The third study (Canning et al., 2022) represents an evaluation of one aspect of a 
substantive validity argument for a well-known receptive vocabulary knowledge 
test. The study highlights the idea that validity arguments are multi-faceted and 
that the evaluation of the validity of an assessment is an iterative, context-specific 
process, and is not represented by a one-time, one-size-fits-all study. Below, a brief 
summary of each study is provided, highlighting the particularly admirable qual-
ities of each followed by suggestions for future research.
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1.1 Open Science and Second Language (L2) Vocabulary Research
The open science (OS) movement broadly represents a turn toward trans-

parency in research practices, and has been bolstered by the increase in tools 
(e.g.,  R  and  Rstudio) and repositories (e.g., IRIS and OSF) that facilitate the 
sharing of analytic methods and data. While a brief overview of OS practices are 
provided below, the readers are referred to in-depth treatments of OS in applied 
linguistic research such as Marsden (2012, 2018, 2019), In’Nami et al. (2022), and 
Marsden and Mackey (2014), among others. Importantly, OS practices do not rep-
resent a single (and comprehensive) practice but instead represents a spectrum 
of research practices. At the more comprehensive end of the spectrum, all data 
collection and analytical methods, along with the raw and processed data, is open 
and freely available in an online repository. At this end of the spectrum, subse-
quent researchers could follow each step that the original researchers took and 
end up with the same results. Alternatively (for example), subsequent researchers 
could also make changes in the analytical procedures to determine if particular 
aspects of the analysis substantively affected the results. However, as a participant 
in the JALT Vocabulary SIG rightly pointed out, there are often insurmountable 
barriers that make the sharing of all materials and/or data infeasible. Consent 
for the sharing of raw student production data, for example, may be difficult (or 
impossible) because of (for example) institutional policies. However, much data 
collection and analysis procedures and most numerical data can be shared, even 
in more restrictive environments. Even if only numerical data and the statistical 
analysis code (e.g., in R or Python, though this is also possible if unwieldy with 
programs such as SPSS) in a quantitative study can be shared, this represents OS. 
Given the growing importance of OS in the field of L2 vocabulary studies and 
the fact that each author team independently made the choice to engage with OS 
in various ways, I will also comment on the positive aspects of the studies with 
regard to OS and provide some suggestions for future research endeavors.

2 Study 1: Modeling Lexical and Phraseological Sophistication 
in Oral Proficiency Interviews: A Conceptual Replication 

A number of studies over the past 10 years have expanded our understanding 
of the construct of lexical sophistication (e.g., Crossley et al., 2011; Kyle et al., 2018; 
Kyle & Crossley, 2015; McNamara et al., 2010), and have suggested that lexical 
sophistication is a multifaceted construct. One downside to the flood of lexical 
sophistication indices that have been proposed based on research in psycholin-
guistics and educational psychology and introduced in tools such as the Tool for 
the Automatic Analysis of Lexical Sophistication (Kyle & Crossley, 2015; Kyle 
et al., 2018) is that it can be particularly difficult to choose which indices to include 
in an analysis. One approach to dealing with this issue is to identify the subcon-
structs of lexical sophistication that are pertinent to one’s research questions and 
then select a representative index for each subconstruct (e.g., based on theoretical 
rationale and previous empirical findings). Another is to use a technique such 
as exploratory factor analysis (EFA) to combine indices into latent factors (e.g., 
Eguchi & Kyle, 2020; Kim et al., 2018). In this study, Eguchi (2022) combines both 
of these techniques in a principled replication of Eguchi and Kyle (2020) by using 
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a refined set of indices (based on previous research), and an EFA as a variable 
reduction technique. The resulting factors are then used to investigate the relation-
ship between oral proficiency interview (OPI) scores (n = 85) and lexical/phrasal 
sophistication. The results of a Bayesian ordinal mixed-effect regression, which 
achieved a prediction accuracy that was on par with human inter-rater reliability, 
indicated that six lexical sophistication factors were meaningfully related to OPI 
scores. The results supported some aspects of previous findings. For example, the 
results indicated that more proficient L2 speakers tended to use words that are 
considered to be learned later (based on Age of Acquisition ratings, see Kuperman 
et al., 2012) but also tend to use more frequent words (e.g., verbs that serve import-
ant communicative functions in an OPI setting). These results support a number 
of previous studies (including Eguchi & Kyle, 2020) which have found that more 
proficient L2 users tend to use more frequent lexical items than less proficient L2 
users when completing spoken tasks. The results also diverged in some ways from 
previous research. For example, previous research has consistently indicated that 
more proficient L2 writers and speakers tend to use word combinations (broadly 
construed) that are more strongly associated than less proficient users (e.g., Kyle 
& Crossley, 2017; Kyle & Eguchi, 2021; Paquot, 2019; Rubin et al., 2021). In this 
study, however, the opposite trend was observed, which (as explained by Eguchi) 
may be because of the reliance on pre-fabricated chunks (which are strongly asso-
ciated in corpus data) by lower proficiency users.

2.1 Particularly Admirable Qualities of the Paper
There are a number of aspects of this paper that are appreciable. First, 

instead of using common (but less appropriate) approaches to statistical analy-
sis of categorical outcome data, Eguchi (2022) used Bayesian mixed effects mod-
els. Importantly, despite the limited space available in this manuscript format, 
Eguchi (2022) provided clear, rationale for each statistical choice, and also clearly 
and competently interpreted the results (with helpful visualizations). Second, 
the author conducted a principled replication that was conceptually related to 
previous work (e.g., Eguchi & Kyle, 2020; Kim et al., 2018), but included meth-
odological choices that reflect the current state of the field (e.g., the inclusion of 
dependency bigram indices). Finally, as discussed in more detail below, Eguchi 
(2022) included general audience-friendly description of the methods and results 
in the manuscript while also including more technical methodological details in 
online supplementary materials.

2.2 Some Considerations for Future Research
One area that could be improved in future research is an explanation of 

why each index was included in the analysis and what the expected relationships 
between these indices and the OPI scores might be (based on theoretical perspec-
tives and previous empirical research). While much of the methodological choices 
(e.g., statistical analyses) were clearly outlined, readers are presumed to be reason-
ably literate in the indices of lexical sophistication produced by TAALES. While 
this issue is likely because of length requirements, it would have been possible 
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to add further descriptions in supplementary materials. Additionally, it would 
have been helpful to more comprehensively outline the ways in which the dataset 
used in the current study was similar to (and differed from) the study that it most 
closely replicates (e.g., Eguchi & Kyle, 2020).

2.3 Discussion of Open Science Principles
As discussed previously, OS represents a variety of practices ranging from 

preliminary transparency in analytical methods used to the provision of all data 
collection techniques, raw data, and analysis techniques. In this study, Eguchi 
(2022) uses a publicly available text analysis tool (and reports the version used, 
which is essential for replication), and provides the statistical analysis code used in 
an easy-to-read format that includes all results of the analyses in an Rmarkdown 
file rendered as .html. This file is hosted in an OSF repository that is publicly 
available (and was available to reviewers). However, because of data use agree-
ments, Eguchi (2022) was not able to share the raw corpus or numerical data. 
Furthermore, the author did not provide the analysis code used to calculate the 
dependency bigram strength of association indices due to use agreements related 
to the distribution of COCA- derived frequency lists.

3 Study 2: Research Syntheses in L2 Vocabulary Research: A 
Scoping Review

In the second study, Al-Hoorie et al. (2022) conduct a “scoping” review of 
research synthesis studies (meta-analyses and systematic reviews) over the past 30 
years. As they explain, a “scoping” review has a wider scope than a typical review 
of research, therefore in this study, the focus is on wider trends in vocabulary 
research (as opposed to a narrower focus on a particular topic). Their study high-
lights the wealth of L2 vocabulary research given that over 31 research syntheses 
that fit their search criteria were conducted during that period. Further, these 
research syntheses represented over 1,000 studies and over 85,000 participants 
(though there is likely overlap in studies and participants across the represented 
syntheses). 

The findings of the scoping review highlight trends in L2 vocabulary 
research and indicate that more meta-analyses (25) have been conducted than 
systematic reviews (7). Within meta-analyses, the majority (21) were experimen-
tal in nature (e.g., pedagogical intervention designs) while only a few (4) were 
correlational. Within systematic reviews, a majority (4) were related to method-
ological issues, while the remaining three had various other foci. The review also 
highlighted topical trends within research syntheses in L2 vocabulary research 
over the past 30 years. Using a bottom-up coding system, Al-Hoorie et al. (2022) 
found that a little over half of the syntheses represented three topical categories. 
The most common topic was technology use and vocabulary learning (k = 9), 
followed by the effects of glossing vocabulary items (k = 5), and vocabulary 
knowledge as a predictor of reading ability (k = 5). Perhaps the most important 
finding of the study was that bulk of the syntheses focused on first-generation 
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research questions (e.g., “is a pedagogical treatment effective?”; see Zanna & 
Fazio, 1982). For example, the meta-analyses on the aforementioned topics 
broadly indicated that technology and glossing enhance vocabulary learning, 
and that vocabulary knowledge is a predictor of reading (and listening) ability. 
Importantly, Al-Hoorie et al. (2022) indicate that it is time for L2 vocabulary 
research synthesizers to focus on second generation questions (e.g., “under what 
circumstances is a treatment effective?”) and third generation questions (e.g., 
“how does a treatment promote learning?”).

3.1 Particularly Admirable Qualities of the Paper
There are a number of aspects of this study that are to be applauded. First, it 

is very helpful to take a large step back in order to get a fuller view of the trends, 
strengths, and weaknesses of a particular field, which can be accomplished via 
a scoping review. In this case, the scoping review allows us as a field to identify 
where we have been putting our effort (e.g., in experimental, interventionist stud-
ies focused on technology and vocabulary learning) and some areas to which we 
might want to turn (such as addressing second and third generation questions). 
The methodological detail that was given in the paper is to be applauded (and 
emulated) by other researchers. Al-Hoorie et al. (2022) give a clear and concise 
description of their study selection and study analysis methods. This includes a 
detailed account of the manuscript search, the inclusion/exclusion criteria, and 
the number of manuscripts that were considered at each decision point. Helpfully, 
they also share their criteria in the IRIS database.

3.2 Some Considerations for Future Research
As future research is conducted in this area, there are some aspects that 

might be considered. Al-Hoorie et al. (2022) make a number of suggestions for 
future research syntheses including a focus on second and third generation 
questions, a greater focus on correlational studies, and (for meta-analytical stud-
ies) the use of Q-tests and/or related inferential tests. Another aspect of research 
syntheses (including meta-analyses, systematic reviews, scoping reviews) 
that might be considered is how methodological choices during the manuscript 
selec-tion process may impact the findings. For example, Al-Hoorie et al. (2022) 
chose to limit their search to manuscripts that were published in the Web of 
Science (WoS) Core collection. While there are many advantages to this 
methodolog-ical choice (well-known and arguably high-quality journals are 
represented, the search is objective and replicable, no duplicates were found), 
there are also possible disadvantages. For example, via this criterion some 
researchers (and research contexts) are silenced/overlooked. For example, any 
research synthe-sis published in this journal would have been excluded because 
it is not part of the WoS Core collection. One possible way to merge the two 
approaches would be to primarily rely on a particular publication repository 
(such as WoS Core) and then supplement this search with additional important 
vocabulary research output venues (perhaps identified via a survey of a wide 
range of L2 vocabulary researchers).
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3.3 Discussion of Open Science Principles
As highlighted above, Al-Hoorie et al. (2022) made a considerable effort to 

clearly and transparently report their analytical methods. The authors clearly out-
lined their search domain (i.e., articles in WoS Core) and also included their exact 
search string (which helps reduce ambiguity in how the search was conducted). 
They also shared their manuscript coding criteria via the IRIS database, and indi-
cated in their manuscript how many articles were included/excluded at each step 
in the process. One possible way in which the materials could be even more aligned 
with OS principles would be to include a list of each manuscript considered and 
why each manuscript was included or excluded. This would be particularly helpful 
given the fact that I was not able to perfectly replicate the initial WoS Core search 
(even after consultation with the authors). While the inconsistency is because of 
behind-the-scenes issues with the WoS Core search engine and is not the fault 
of the authors, determining whether the inconsistency would have affected the 
results is impossible since the raw list of identified articles was not shared.

4 Study 3: Rater Judgments and Word Difficulty: Conceptualizing 
the Substantive Validity of the VST

The frequency of a word in a language learner’s input (which is often esti-
mated using reference corpus frequencies) is an important factor in the difficulty/
ease with which an individual learns that word. Words that are more frequent in the 
input are more likely to be learned earlier, while words that occur less frequently 
are more likely to be learned later (see, e.g., Ellis, 2002 inter alia). When input fre-
quency is estimated using reference corpora (e.g., Brysbaert & New, 2009; Laufer 
& Nation, 1995; Nation & Beglar, 2007), frequency is an intuitive measure of word 
difficulty that is psycholinguistically defensible, and is relatively easy to 
measure and to implement in pedagogical materials. As such, word frequency 
has played a major role in applied linguistics research, including the estimation 
of a learn-er’s vocabulary size via assessment tools such as the Vocabulary Size 
Test (VST) (Nation & Beglar, 2007). Despite the importance of frequency, 
research in psy-cholinguistics (e.g., Balota et al., 2007), word difficulty assessment 
tool validation (e.g., Hashimoto & Egbert, 2019), and lexical sophistication (e.g., 
Kyle & Crossley, 2015) has indicated that word characteristics beyond frequency 
(e.g., concreteness, contextual distinctiveness) contribute to word difficulty 
estimation models. 

In this study, Canning et al. (2022) contribute to the discussion of word diffi-
culty and the validity argument of the VST (Beglar, 2010; Nation & Beglar, 2007) 
by investigating evidence related to substantive validity (Messick, 1989) using both 
quantitative and qualitative methods. Specifically, they investigate the degree 
to which experienced English as a foreign language (EFL) instructors’ (n = 31) 
judgements of word difficulty align with word difficulty based on a large sample 
(n = 2,999) of VST results from Japanese L1 speakers of L2 English. They then 
conducted follow-up semi-structured interviews with 21 of the EFL instructors to 
investigate why particular difficulty ratings were assigned to a word. The quanti-
tative results indicated that instructor judgments were strongly (but not perfectly) 
correlated with difficulty scores based on VST results (r = 0.67; R2 = 0.45). The 
results of the semi-structured interviews indicated that EFL instructors’ ratings 
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were based on a wide range of factors. The most frequently mentioned factor was 
conceptual difficulty (see Brysbaert et al., 2014 for a treatment of concreteness, 
which is one objective measure of conceptual difficulty), which was followed by 
frequency and parallels in L1 (which was inclusive of cognates). As Canning et al. 
(2022) explain in their discussion, the results provide some positive evidence for the 
substantive validity of the VST given the strong correlation between word difficulty 
in the VST and instructor judgments of word difficulty (though see caveats below). 
The semi-structured interviews also provide further evidence (in this case from a 
rater cognition perspective) that the construct of word difficulty is multifaceted. 
For an overview of the possible factors beyond word frequency that contribute to 
word difficulty, I point readers to extant conceptual (e.g., Ellis, 2002; Nation, 2001) 
and empirical (e.g., Balota et al., 2007; Kyle et al., 2018) overview papers.

4.1 Particularly Admirable Qualities of the Paper
There are a number of aspects of this paper that should be applauded (and 

emulated). First, Canning et al. (2022) used advanced statistical analysis tech-
niques (multi-faceted Rasch analysis; principal components analysis) and a qual-
itative approach (semi-structured interviews) in a complementary manner to 
address their research questions. While many researchers will often stop at the 
quantitative results (or conductive further quantitative analyses), very few will 
turn to grounded qualitative approaches despite the rich data (and explanatory 
detail) that can be gained. Second, the way in which the study was situated both 
within the auspices of validity argument work (e.g., Chapelle et al., 2008; Messick, 
1989) and within current discussions of the L2 word difficulty (e.g., Hashimoto, 
2021; Hashimoto & Egbert, 2019; Stewart et al., 2022) is highly appreciable.

4.2 Some Considerations for Future Research
As with any paper, there are some aspects that could be addressed in future 

work. First, as Canning et al. (2022) highlight, the coding of the qualitative data 
was only conducted by a single individual, which leaves some questions with 
regard to the reliability of the results. Ideally, the data would be coded by at least 
two annotators (and inter-coder reliability reported or the adjudication process 
discussed in detail). Second, although frequency and other factors related to 
word difficulty were discussed in relation to the qualitative results, they were not 
formally investigated quantitatively. While previous research has indicated that 
frequency and VST item difficulty are correlated (e.g., Beglar, 2010; Hashimoto, 
2021; Hashimoto & Egbert, 2019; Stewart et al., 2022), it is unclear how strong this 
relationship is in this particular dataset. The quantitative results simply indicated 
that instructors’ judgments of difficulty were strongly correlated with item-level 
word difficulty on the VST (which were not necessarily connected to specific fre-
quency bands). As the authors note, a fruitful area for future research would be a 
multivariate (and theory-driven) approach to predicting word difficulty. Finally, 
it is unclear how generalizable the results of this study are outside of the Japanese 
EFL context. It would be helpful if future researchers replicated this study in 
other EFL and English as a Second Language (ESL) contexts. 
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4.3 Discussion of Open Science Principles
As noted earlier, all three papers made an effort to contribute to the OS move-

ment in some way. Canning et al.’s (2022) contribution was the inclusion of online 
supplementary materials that contributed to transparency of the collection of rater 
judgments (e.g., by providing the rating scale used and providing a screenshot of 
the rating interface) and of the results of the multifaceted Rasch analysis (i.e., the 
inclusion of vertical rulers for each analysis and the fit analysis). While it may not 
be feasible to release all of the raw data because of use restrictions, one step that 
the authors might consider toward a fuller embrace of OS principals would be to 
(a) conduct analyses in R (including the Rasch analysis, which is possible in R) and
(b) share their analysis code both via an .R script and as an RMarkdown (.rmd) file
rendered as .html that includes the analysis code AND all data outputs and visual-
izations. This option allows for complete transparency in a quantitative data anal-
ysis without necessitating sharing raw data. Such files can be shared via an online
repository such as osf.io, which allows users to share anonymized links to their
repository during the review process. After a paper is accepted, the repository can
be made public.

5 Conclusion
The papers included in the morning session of the 2022 JALT Vocabulary SIG 

are representative of the high-quality research that is characteristic of the 
vocabulary research community in the Japanese context. They represent three 
important methodological and topical trends in vocabulary research (systematic 
reviews, assessment tool validation, lexical sophistication) and include a number of 
features that should be emulated in future research studies. These papers also 
highlight a number of areas for future researchers to consider in upcoming 
projects. Finally, each paper includes an acknowledgment of the growing 
importance of OS principles and provided an opportunity to discuss some ways in 
which the field can increasingly embrace the OS movement. 
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Abstract
The Global Teaching Institute (GTI) at Tokyo International University 
(TIU) was founded in 2013 with 10 faculty members and now in 2022 has 
55 faculty members. In order to provide students with similar learning 
opportunities while improving and supplementing their general English 
vocabulary, the writers of the present paper, decided in phases, from 
small beta-runs in 2013 and 2014 to implement vocabulary learning app 
assignments institutionally for all English-major first- and second-year 
students. The spaced repetition learning app that has been utilized is 
WordEngine. This paper will provide an overview of the rationale and 
implementation as well as an introduction to WordEngine.

Keywords: vocabulary, spaced repetition, WordEngine, curriculum

David Wilkins (1972), the British linguist, stated, “while without gram-
mar little can be conveyed, without vocabulary nothing can be conveyed”  
(pp. 110–111). Vocabulary is thus the main building block of communication. One 
can communicate by pointing, of course, but pointing and saying a word is more 
effective. Uttering a grammatically flawless sentence, obviously, would be best, 
but it is not required to get one’s meaning across. In Vocabulary Myths: Applying 
Second Language Research to Classroom Teaching, Folse (2004) noted the myth 
that a foreign or second language (L2) vocabulary is not as important as grammar 
or facets of the target language. He then proceeds to debunk this myth. Having 
a large vocabulary is not an end in itself, but serves as the foundation for read-
ing, writing, speaking, and listening (Nation, 1994). As Folse (2004) suggested, 
having a larger vocabulary to work with lends itself to a virtuous cycle of sorts 
where learners whose vocabulary base is larger can then leverage that foundation 
to learn even more words. 

In this paper, the focus will be on the institutional and student vocabulary 
building needs and constraints of Tokyo International University (TIU) first- 
and second-year English-major students. An overview of the institution (Global 
Teaching Institute [GTI]), the vocabulary app that is used by the aforementioned 
students, a summary of the app, and past data on the vocabulary-building benefits 
will be provided.

https://doi.org/10.7820/vli.v11.2.mueller
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1 Literature Review
The vocabulary app that TIU utilized is based on the spaced repetition 

technique. This technique, which involves using flashcards, introduces learners 
to newly presented and more difficult words, while previously practiced and less 
difficult words (as defined by the system as having been sufficiently learned) are 
not displayed as often. Why employ such a tactic? Medina (2018) suggested that the 
best method to remembering is to repeatedly expose yourself to the information 
you are trying to learn at timed intervals. Learning, he wrote, happens best when 
new information is gradually added as opposed to cramming it all in at one time. 
Smolen et al. (2016) noted that for various types of learning, spaced training, more 
than other forms of training that utilized short or no intervals, leads to more pow-
erful memory development. They also wrote about how spaced learning research 
has recently started to reveal the foundational cellular and molecular mechanisms 
behind this memory development. In a study focusing on vocabulary learning with 
young English as a Foreign Language (EFL) learners, Lotfolahi and Salehi (2017) 
found that “spaced practice produced better long-term retention than massed 
practice” (p. 1). They concluded by stating that this spaced repetition approach 
offers “a pedagogically powerful approach for learning vocabulary” (p. 1).

2 Global Teaching Institute Implementation of the Vocabulary 
App in its Curriculum

2.1 Overview
The GTI is an institution that is closely tied to TIU’s School of Language 

Communication (SLC), which houses the TIU English Department. There are, at 
present, approximately 240 students enrolled in each year of the program. While 
the GTI faculty also teaches students in other departments at the university, the 
majority of lessons are conducted with the English majors. The GTI includes out-
side-of-the-classroom mandatory facets in each of the skill courses we offer; an 
extensive reading program is part of our reading courses, weekly conversation 
practice with a faculty member or student staff, and writing or tutoring sessions 
in our Academic Advising center. Thus, compulsory activities were already in 
place for the other three skills, as noted above, and therefore we decided to have 
the WordEngine app vocabulary part of the listening course. To complement the 
extensive reading, writing, and listening programs already in place, vocabulary 
training became a mandatory activity in courses that focused on listening skills. 
The rationale for placing vocabulary training in the listening portion of the cur-
riculum was institutional-needs-based, rather than a curriculum-based decision. 
Having outside-of-the-classroom opportunities to nurture speaking, reading, and 
writing, the directors and curriculum heads of the institute recognized that the 
foundational building block of vocabulary is crucial for our students’ language 
development; thus, a means of providing this practice for focused vocabulary 
training was sought out.

The focus on vocabulary practice within listening skill-based courses 
can be traced back to the first year of the GTI in 2013. That year, a member 
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of the first cohort of instructors proposed using WordEngine in his classes 
after attending an academic conference. WordEngine is a bilingual (Japanese 
and English) vocabulary learning application for smartphones and computers. 
At that time, 40 students in the SLC trial-ran the application making it the 
first time an application was used as part of the course curriculum. Another 
instructor also adopted WordEngine the following year, so that approximately 
100 students in the SLC actively used the application. In 2015, seven instruc-
tors used WordEngine with 220 registered SLC student users. In that year, the 
GTI decided to have students sign up and use the TOEIC course portion of 
the WordEngine app. In the 6 years between 2015 and 2020, more instructors 
adopted WordEngine; in 2018 the GTI directors, along with the GTI curric-
ulum team, designated using the app as a mandatory activity in compulsory 
listening skill-based courses, not only for English majors but also for a course 
designated for students majoring in International Relations (IR) and Business 
Economics (BE). In 2021, 549 TIU students were registered users of Word 
Engine, which included first- and second-year English majors and IR and BE 
majors. 

The aforementioned student body is now required to complete 350 correct 
answers on the WordEngine app per week. From 2013 to 2018, the correct response 
requirement was set at 300 words, and from 2019 the target was raised to 350. 
This requirement makes up 10% of the final grade for the course. Since becom-
ing a mandatory activity, faculty members have provided workshops and shared 
materials with each other to help onboard new instructors to the program. Today, 
a robust training orientation is provided by mentor instructors and curriculum 
committee members to ensure that faculty have the tools needed to implement the 
vocabulary training program.

Faculty and student understanding of the benefits of vocabulary practice 
can be seen in the variety of approaches and activities faculty take when imple-
menting the vocabulary quizzes. Since the majority of faculty in the GTI use 
WordEngine, activities and resources can be shared easily through an online 
database or in-service workshops. One example of a creative approach to 
incorporate WordEngine is through an activity called the “WordEngine Skit 
Project” (Armand, 2018). In this project, students in pairs or small groups 
create a script using a set number of words from the WordEngine quizzes. 
Finally, they perform the skit and audience members note the specific words 
from the quizzes. This activity illustrates how vocabulary activities can be 
incorporated into class projects. In this example, WordEngine is not limited 
to outside of the classroom. Some instructors collaborated to organize semes-
ter-long tournaments where the class with the highest average correct TOEIC 
word responses per student would be the winner. In addition, WordEngine, 
the app developer, has sponsored Challenge tournaments. These types of 
friendly competition also motivate students. Managing student use and mon-
itoring their progress is made easy through the app. Instructors are provided 
with a weekly summary of student progress (see Appendix A for sample).  
Easy-to-read reports, including charts and graphics, aid the instructor in fol-
lowing weekly progress and end-of-the-semester totals. The instructor then 
takes this data and utilizes it in their grading. 
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2.2 WordEngine
WordEngine is a bilingual (Japanese and English) vocabulary learning appli-

cation. After a student signs up, the student will initially take a 12-minute vocab-
ulary diagnostic (V-Check) test that has two types of questions: visual and aural. 
This diagnostic identifies which words a student already knows and frequently 
used words they are missing from over 13,000 base words which, according to the 
app developers, covers about 99% of all spoken and written English vocabulary 
(Cihi, 2020). With this diagnostic data, the app provides students with a person-
ally tailored list of the most frequently occurring words they do not know (Browne 
& Culligan, 2008; as cited in Cihi [2020]). In addition to the basic vocabulary diag-
nostic, the app also reports on a student’s vocabulary foundation for proficiency 
tests, such as Test of English as a Foreign Language (TOEFL), Test of English 
for International Communication (TOEIC) and International English Language 
Testing System (IELTS), and subsequently tracks the student’s progress.

The app gives each student a personalized set of flashcards with “three types 
of paired-associate learning tasks: visual, aural, and contextual” (Cihi, 2020, p. 7). 
As much as possible, the app defines and teaches new and unknown vocabulary 
using only definitions with words the student should already know. Distractors 
are matched by part of speech and are generally more difficult than the words 
being taught, and random at each review so as to reduce distractor recognition. 
WordEngine’s digital flashcards have been independently researched and shown 
to be faster and more effective than: intensive reading, extensive reading, words 
lists, and paper flashcards (McLean et al., 2013). Research has also demonstrated 
that Japanese university students achieve statistically significant gains using the 
WordEngine app, when measured using the Vocabulary Size Test (Nation & 
Beglar, 2007) and when compared to intensive reading, extensive reading, words 
lists, and paper flashcards (McLean et al., 2013).

3 Results
Since the adoption of WordEngine in 2013 to the present, 3,180 students have 

signed up for accounts and have used the app as part of their course activities. Data 
provided by WordEngine for the academic year of 2021 for active users (April 2021 
to March 2022) showed that with a weekly study goal of 350 words, the average 
TIU student increased their vocabulary size by 1,153 new words above their start-
ing average size of 2,854 words—a 40% increase in 1 year as indicated in Figure 1. 

After 11 years of formal and supplementary education, the average 2021 stu-
dent had acquired 2,930 words (a pace roughly equivalent to 266 words per aca-
demic year). For our average learner, as measured by the app’s algorithm, learning 
1,153 new words in 1 year with the WordEngine direct study approach is 4.2 times 
faster than prior years (266 × 4.21 = 1,153) when we had set 300 as the correct 
response requirement. When the weekly goal was set at 300 correct responses, as 
it was prior to 2019, the average student increased their vocabulary size by about 
885 words per school year. In the first semester of the 2022 academic year (April 
to July), the average student had already increased their vocabulary by 495 words 
(see Figure 2). 
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Included in the progress report provided by WordEngine are descriptive 
data points highlighting how increased app use could lead to higher TOEIC gains. 
The relationship between app use and TOEIC score gains is determined by the 
correlation of V-Check scores and a database of 7,000 actual TOEIC scores. The 
correlation, r = 0.81, is the basis for the estimated scores provided (Cihi, personal 
communication, September 17, 2022).

Source: Adapted from Cihi, G. (2020).
Figure 1. 2021 Academic Year Student Report: All Registered Users.

Source: Adapted from Cihi, G. (2020).
Figure 2. Spring 2022 First-Year Student Report.
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Our university encourages students to take the TOEIC test as it is often 
required when students search for jobs post-graduation. Students who had an 
average increase in new words using the app were able to increase their TOEIC 
score by 30 points as noted in Figure 3. 

4 Discussion
The use of a vocabulary app for students to practice outside of the class-

room has the potential for various benefits and drawbacks as evidenced by the 
experiences at TIU presented in this report. As our institute encourages students 
with mandatory activities to develop their language skills outside of the classroom 
in various ways (e.g., weekly conversation practice in our English Plaza facil-
ity, extensive reading word targets per semester, and tutoring in our Academic 
Advising facility), having a means of fostering their vocabulary growth has been 
part of our overall curriculum goals. The descriptive data we have points to this 
vocabulary intervention being somewhat effective. 

There are a number of advantages of utilizing an app for vocabulary prac-
tice. First, there are limitations to how much vocabulary exposure students receive 
in the classroom. Even with the various opportunities available for our students 
at TIU in the GTI to engage with English outside of the classroom, given that 
students are surrounded by Japanese in their everyday lives they require more 
chances to encounter a variety of words. WordEngine provides the students with 
an opportunity for such encounters. Second, WordEngine is designed in such a 
way that students are practicing at a level that is appropriate for their English pro-
ficiency level. WordEngine developers have “controlled the degree of uncertainty 

Source: Adapted from Cihi, G. (2020).
Figure 3. Spring 2022 Report of TOEIC Score Increase for First–Year Students.
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for each study task…[The app algorithmically] controls the ratio of lexical uncer-
tainty….to promote sustained motivation (Cihi, 2020, p. 6). Third, team or class 
competition is motivating, as evidenced anecdotally by a faculty member who 
stated, my students learned thousands of new words, and the Team Challenge 
program transformed the experience from independent self-study to a team effort 
where students pull together and motivate each other” (Cihi, 2020, p. 8). In addi-
tion, students can use the app whenever and wherever they want, which is truly a 
boon for students with long commutes. 

In our institutional use of WordEngine, we have a few areas to improve on. 
First, while the weekly goal for students is 350 correct responses, the vocabulary 
learned in the app is not directly or necessarily related to the vocabulary that stu-
dents are learning in the classroom or other outside-the-classroom activities. A 
wider range of activities is an area for improvement, such as those conducted by 
Armand (2018) that reinforce or bridge the in-class vocabulary learned with the 
app. While gains are made, as measured by the app’s algorithm, providing students 
with a more robust environment for using the learned vocabulary would make the 
practice richer. In addition, the directors of the institute allow faculty some freedom 
in implementing various elements of the curriculum; while this vocabulary training 
app is a mandatory facet of the overall curriculum, the directors of the program, 
until now, have only requested data annually with the overall numbers, and so day-
to-day checking and monitoring is in the hands of individual instructors. Without 
wanting to be “Big Brother,” this has its benefits as faculty have autonomy, while 
from an institutional perspective, gaps in objectives and outcomes could occur. 
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Appendix A
Sample of weekly email that instructor receives providing an update on stu-

dents’ progress

Weekly Report

Start Date: 2022/05/09 00:00

End Date: 2022/05/15 24:00

Login Email ID: xxxxxxxx@abc.com (this is instructor’s email)

================================

WordEngine

Group 1 (NOTE: This instructor has two groups of students using the app.)

Weekly Goal 350 Correct Responses (CR)

6 Yes 2 No (75.0% Hit Rate, that is, Did the student reach the target of at least 350 
correct responses this week?)

273 Avg CR per student

Hit:  Name/Login ID Minutes Correct Responses
Yes:  Student 1 50 407
Yes:  Student 2 57 367
Yes:  Student 3 31 360
Yes:  Student 4 43 352
Yes:  Student 5 37 351
Yes:  Student 6 76 351
No:  Student 7 0 0
No:  Student 8 0 0

mailto:xxxxxxxx@abc.com


Vocabulary Learning and Instruction 
Volume 11, Issue 2, December 2022 

http://vli-journal.org

Please cite this article as: Uehara, S., Haraki, H., & McLean, S. (2022). Developing a discipline- 
specific corpus and high-frequency word list for science and engineering students in graduate 
school. Vocabulary Learning and Instruction, 11(2), 57–68. https://doi.org/10.7820/vli.v11.2.uehara

Developing a Discipline-Specific Corpus and 
High-Frequency Word List for Science and 
Engineering Students in Graduate School

Suwako Ueharaa, Hibiya Harakia and Stuart McLeanb 
aThe University of Electro-Communications; bMomoyama Gakuin University

Abstract
Japanese graduate school students in the field of science and engineer-
ing need to read academic research in their second language (L2), and 
such tasks can be challenging. Studies showed a strong (0.78) correla-
tion between vocabulary size and reading comprehension (McLean 
et al., 2020), and providing high-frequency word lists could enhance 
comprehension. In this work-in-progress, 1.35 million tokens of profes-
sor-recommended reading materials were used to investigate a method 
to create a vocabulary list that would benefit science majors in graduate 
school; the procedures to create a corpus and a high-frequency word 
list efficiently; and the steps required to create a cleaner corpus. This 
paper outlines a systematic literature-informed method that includes 
input from professors in the field; the combined use of tailored script in 
MATLAB and AntCont (Anthony, 2022) generated corpus and high-fre-
quency words efficiently; and repeated comparison of original PDFs and 
the matching text files, then adding MATLAB script to deal with specific 
issues created by a cleaner text. This proposed method can be applied in 
other contexts to enhance the generation of high-frequency word lists.

Keywords: corpus, high-frequency word list, science majors, graduate 
school 

1 Background
This paper is a work-in-progress that reports on developing a discipline-spe-

cific corpus and a high-frequency vocabulary list for science and engineering univer-
sity majors in graduate school. The students at one national science and engineering 
university must read scientific articles as part of their required English courses. 
However, an informal survey revealed that while some students are willing to read 
specialized scientific papers in English, others find them too difficult. To bridge this 
difficulty gap, a corpus from articles recommended by science faculty and a list of 
their high-frequency vocabulary is being developed. By using MATLAB (Version 
R2022a), a paid numerical analysis platform, and AntConc (Version 4.0.5), a free 
lexical profiling software (Anthony, 2022), a high-frequency vocabulary list from a 
corpus of over one million words is being developed. The first 2,000 words from the 
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New General Service Word List (NGSL: Browne et al., 2013b) were removed, leav-
ing a discipline-specific word list. The paper considers and reports on automated 
steps to create a clean corpus for the efficient generation of high-frequency words.

2 Vocabulary Knowledge and Reading Comprehension
Research in reading has demonstrated that vocabulary size is an essential fac-

tor for reading success in second language (L2). Studies showed significant correla-
tion between vocabulary size and reading comprehension tests among English as a 
Foreign Language (EFL) learners of various proficiency levels indicating a strong 
relationship between vocabulary and reading comprehension (Laufer, 1992; Qian, 
2002). According to earlier research, L2 learners need a word coverage of between 
95% (Laufer, 1989) and 98% (Hu & Nation, 2000) to understand written texts. In a 
study by Schmitt et al. (2011), they concluded that readers of academic text should aim 
for 98%-word coverage to improve reading comprehension. The findings also showed 
a relatively linear relationship between vocabulary knowledge and reading compre-
hension. Consequently, a list of high-frequency English words that graduate students 
are likely to encounter in their academic reading materials pertinent to their field of 
study may be useful for improving their reading comprehension of academic papers.

3 Corpus
The corpus in this study is relatively a small corpus (1.35 million tokens) of 

non-annotated text files. Anthony (2020), noted that while “the current trend in 
vocabulary use is to use ready-built software tools and pre-compiled word lists to 
analyze existing and new primary corpus sources” (p. 588), it is likely that more 
corpus linguistic researchers will make use of custom-built programs using, for 
example, Python and R, and to collaborate closely with software engineers and 
statisticians. MATLAB is another programming language, used in this study in 
collaboration with a postgraduate student in the field of engineering.

4 Discipline-Specific Corpus
Discipline-specific corpus in the field of science has largely been sourced to a 

varying degree from textbooks and lecture notes recommended by subject instruc-
tors which display representativeness (Moudraia, 2003; Ward, 2009). Corpora can 
then be reduced to high-frequency words by considering frequency across doc-
uments, range, and dispersion (Coxhead & Hirsch, 2007). See Appendix A for a 
summary of past research.

5 Decisions for Corpus Design and High-Frequency Word List
Corpus design criteria should be maximally representative of a particular lan-

guage so the data can be generalized to the language variety (Butler, 2004; Sinclair, 
1991). The sampling frame is often made through recommendations of lecturing 
staff (see Coxhead & Hirsch, 2007; Ward, 2009). Science discipline-specific papers 
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on corpus size range from 250,000 (Ward, 2009) to 100 million tokens, where 1.76 
million is considered “relatively small” (Coxhead & Hirsh, 2007). High-frequency 
word lists have primarily been compiled by word families (e.g., Coxhead & Hirsh, 
2007), while some studies additionally share the word types. More recently, word 
lists have been released by flemma’s because not all word families are equally acces-
sible or known by the learners (McLean, 2018). Nation and Hwang (1995) made a 
distinction between general service vocabulary and special purpose vocabulary. 
Inspired by this, Coxhead and Hirsh (2007)’s pilot study extracted science-specific 
vocabulary outside the General Service List (GSL: West, 1953) and the Academic 
Word List (AWL: Coxhead, 1998). A useful high-frequency word list would there-
fore be one in which lists could retain or remove certain existing lists depending on 
the study and its research questions, or based on users’ English level.

Nation and Webb (2011) provided guidelines on generating a corpus such as 
proofreading text fields for errors and removing text that need to be excluded from 
an analysis. Very few studies mention details related to editing choices of PDF or 
text files when proofreading the data, and how to make the process efficient. Once 
a corpus is made available, it would be useful to generate high-frequency word 
lists using various options to accommodate for range, frequency, dispersion, and 
retaining or removing particular word lists, and also to overcome editing deci-
sions when deciding which part of the text will be retained.

In this study, we received recommendations from science professors for 
reading material suggested for their graduate students, and we are generating a 
small corpus specific to the field of selected professors in Engineering Science at 
one science and engineering university in the Kanto region. We will generate a 
high-frequency flemma list by removing NGSL flemmas. Following recommen-
dations from Baker (2006), the corpus is created by us to have a better under-
standing of the data set.

In this work-in-progress, we therefore attempt to investigate and outline the 
process to create a corpus for science and engineering students in graduate school 
using AntConc (Anthony, 2022) and a programming software based on guidance 
from literature in the field of corpus, and to achieve the processing of multiple 
PDF files efficiently. This paper will outline the method used, and the consider-
ations suggested to create a suitable high-frequency word list for the possible users 
of the list. To achieve this aim, we attempted to process multiple PDF files using 
the method that follows, describe the issues that were encountered, and provide 
suggestions on the decisions required to create a clean corpus.

6 Purposes
The purpose of this work-in-progress is to:

1. Outline a method that can be used to create a vocabulary list that might ben-
efit science majors in graduate school;

2. Describe considerations to create a corpus and high-frequency word lists for 
science and engineering students efficiently;

3. Provide suggestions on decisions that are required to create a clean corpus.
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7 Method
In order to create a discipline-specific high-frequency word list, the research-

ers followed six major steps (See Figure 1). Furthermore, in order to automate 
repetitive and foreseeable time-consuming steps, a computer programer was con-
sulted periodically.

7.1 Data Collection
Fifty-eight (58) professors in an Engineering Science department were asked 

to recommend academic reading materials in English and 22 provided sugges-
tions. A total of 1,182 recommendations were received. For this work-in-progress, 
old papers where text extraction was not feasible and papers that could not be 
accessed using the institutional account (98 documents) were excluded and the 
remaining 330 recommendations from 10 professors from the Chemistry and 
Biotechnology programs were processed. 

7.2 Data Sorting
The data received in various forms (PDF, Weblink, reference list) were 

sorted into a list and each item was given an ID number. The recommended read-
ing materials were journals (238), magazine articles (89), two doctoral disserta-
tions, and one book chapter. See https://tinyurl.com/corpus330 for the full list and 
Appendix B for a breakdown of the data set. 

7.3 Pre-Processing
Catalogued PDF files were edited using PDFelements to retain the main 

body of text in academic papers. Author names, figures, tables, acknowledge-
ments, and reference lists were for example cut from the PDF. MATLAB (ver-
sion R2022a; https://uk.mathworks.com/products/matlab.html), a programming 

Figure 1. Process to Create a Discipline-Specific High-Frequency Word List.

https://tinyurl.com/corpus330
https://uk.mathworks.com/products/matlab.html
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software designed to analyze and design systems using a matrix-based language 
that allows natural expression of computational mathematics was used to: (1) cre-
ate text field from PDF, (2) fix errors that would affect word counts, and (3) add use-
ful functions such as summary reports of word counts and processing errors, and 
searching for particular words in the text files, using the add-on “Text Analytics 
Toolbox.” Typical errors when converting PDF to text files were identified through 
repeated and random inspection of the original PDF and the matching text files.

Two major errors were accounted for using MATLAB script (See Figure 2). 
A ligature is two or more characters that combine to form a single glyph that 
occurs with certain fonts. Scientific papers often written across numerous col-
umns and hyphens are used to breaking up a word at the end of a line. Both of 
these cases pose issues when software counts words.

7.4 Data Processing
The 330 text files with an average of 4,119 words1 per text were then processed 

using AntConc to obtain a high-frequency word list from 1 to 50,244 tokens, and 
AntConc reported a corpus size of 1,359,156 tokens.

7.5 Automatic-Post Processing
The flemma and not the lemma was used in the present study for four rea-

sons. First, McLean (2018) found that when learners of a similar ability as the 
target learners demonstrated knowledge of base word forms they also demon-
strated knowledge of inflectional forms. The difference between a flemma and 
lemma-based list is that a flemma-based list assumes that learners who can com-
prehend a base word form or inflectional form can also comprehend other inflec-
tional forms, and that learners who can comprehend a word form in one part 
of speech (POS) can also comprehend the same word form in a different POS. 
Second, the nature and purpose of the list. The list being created is a Science and 
Engineering list and therefore the words within it are not usually base word forms 
or word forms with multiple POS. Third, was for practicality. When using corpus 
software, even if a lemma-based list is used, unless the software tags word forms 
for their POS then the resulting frequency list is a flemma-based frequency list. 
This is because unless the corpus is tagged then identical word forms of different 
POS are grouped and their instances are counted together. Finally, the present 
word list was developed to follow on from the NGSL which is a flemma-based 

Figure 2. Ligatures and Sentence End Hyphens.



62 Uehara et al.: Developing a Discipline-Specific Corpus and High-Frequency Word List

Vocabulary Learning and Instruction, 11(2), 57–68.

list. The NGSL is freely available and commonly used in Japan and therefore was 
considered appropriate.

MATLAB scripts were made for options to remove lists per 1,000 flemmas of 
the NGSL, the supplementary words, and the New Academic Word List (NAWL: 
Browne et al., 2013a) to create a list using frequency and range chosen by the user. 
Also, to create a cleaner list, MATLAB was programmed to remove any one- to 
two-letter stings. 1,364 tokens remained with the range set to >3, frequency set to 
>50, and the first 2,000 NGSL flemmas set were removed.

7.6 Manual-Post Processing Science Professor Check
The resulting list was viewed by the professor recommending the largest 

number of reading materials for editing suggestions. Country and location names 
were removed. Singular and plural forms; present and past tense; and first and 
third person of the same based word was counted as the same word. The 1,364 
tokens were reduced to 1,220 tokens. In the future, high-frequency words should 
be created with an equal volume of tokens across multiple laboratories so students 
can view high-frequency words across a wide range of highly specialized content. 
Also, some words should be left as n-grams rather than individual words (e.g., In 
vivo; plasma membrane).

8 Results and Discussion
The data was processed for 330 files with range set to >3 and frequency 

set to >50 and was set to remove the first 2,000 NGSL flemmas. It generated 
a high-frequency word list with 1,220 tokens. The final list from this study for 
Chemistry and Biotechnology majors is available here https://tinyurl.com/cor-
pus330chembiotech. Also, see Appendix C for the sample word list.

The method to process multiple PDF files is described in the Method section 
earlier. The high-frequency word list that resulted from the current data set was 
generated heavily from one professor who recommended 188 documents. The pro-
fessor’s research is related to elucidating intracellular signal transduction mech-
anisms at the molecular level through experiments using mainly living cells of 
mammalian oocytes. A biochemistry department professor suggested that lists 
related to one specific research lab would be most beneficial for the students in 
their laboratory.

When building a corpus, proofreading and generating a clean corpus is one 
of the most time-consuming processes. To reduce the manual workload, editing 
of the text was autonomized using MATLAB script. MATLAB was used to edit 
problematic issues related to ligatures and hyphens. MATLAB was also used to 
remove two letter words, and select NGSL lists to be removed. The program is 
also equipped with the NAWL, therefore high-frequency word lists with selected 
NGSL and NAWL vocabulary removed can be generated with ease. Tailored 
high-frequency lists can be generated by adding existing word lists in MATLAB. 
In future, other issues that occur when converting from PDF to text files can be 
compiled and resolutions cane be investigated. In this way, MATLAB enabled 

https://tinyurl.com/corpus330chembiotech
https://tinyurl.com/corpus330chembiotech
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automatic pre-processing on a need’s basis. The MATLAB scripts are available at 
https://tinyurl.com/CALLandResearch.

To create a clean corpus, the authors randomly compared PDFs and used 
various combinations of programming language and tools to efficiently output 
text files. From the PDF of recommended papers, PDFelements and MATLAB 
were used in combination, and together, we successfully processed 330 PDF docu-
ments to create text files of approximately 1.35 million tokens in 90 seconds using 
a computer with a standard specification. MATLAB was tailored to process issues 
described on ligatures, and sentence-final hyphens. British and American spelling 
also pose difficulties. Also, it was found that some text files had words listed in 
sequence with no spaces in between (See Figure 3). Using MATLAB, scripts to 
search for texts with long strings of characters were added. Six files were found to 
have between 25.9% to 65.2% of the entire text with long string characters (over 
15 characters) and 24 text files included long string characters with over 100 char-
acters. Relevant erroneous files could therefore be searched with ease and edited 
accordingly.

The corpus generated in this study is by no means perfect. The corpus count 
output by MATLAB (1,346,758 tokens) and AntConc (1,359,156 tokens) are 12,398 
tokens different which is approximately 1% difference. Further investigation of 
the word count and closer inspection of the dataset is necessary.

9 Conclusion
This paper contributes to the existing L2 literature on corpus linguistics 

and high-frequency word lists for graduate students in the field of science and 
engineering. We successfully compiled a list of high-frequency words from 1.35 
million words, for a very specific discipline using MATLAB in combination with 
AntConc to automatize data processing. MATLAB was used to deal systemati-
cally with some issues which became evident from inspection of the corpus multi-
ple times. Pending issues remain which require future investigation.

One of the aims of this paper was to explore an efficient method to generate 
high-frequency words from recommended papers. Therefore, although the break-
down of recommendations is not equally distributed, in the future, the researchers 
will attempt to compile a balanced data set. Using the larger data set, high-fre-
quency word lists can be created for relative programs in a department.

Figure 3. Words in Sequence with No Spaces. 

https://tinyurl.com/CALLandResearch
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MATLAB made corpus and high-frequency word list generation efficient, 
however, it is meaningful to have a tool that is easily accessible for users. This cur-
rent system can be applied for not only corpus in science and engineering, but to any 
type of selected field. Future studies will aim to adapt the MATLAB script to free 
programming languages such as R for increased accessibility for corpus linguists. 
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Appendix A

Corpus Studies in the Field of Science and Engineering by Discipline, Summary, Corpus Size, 
Frequency Word List Size, and Reference

Discipline Summary Corpus Frequency 
Word List 
(type)

References

Science, 
engineering, 
technology 
and other 
fields

Corpus of Professional English 
(http://www.perc21.org/cpe_
project/index.html) 

100-million- 
word data-base 
of English

1,260-word 
families 

Nesi (2013)

Science, 
engineering, 
social 
sciences

Academic corpus from 30 
research articles, seven textbook 
chapters, 20 academic book 
reviews in each of seven 
disciplines; 45 scientific letters 
in physics and biology theses, 
research articles, eight Master’s 
thesis, six doctoral dissertations, 
eight final year BSc thesis 
across six disciplines

3-million words 1,260-word 
families 

Hyland and 
Tse (2009)
 

Engineering Engineering Corpus (EC) 25 
textbook recommendations 
commonly used for 3rd-4th year 
undergraduate students

1/4 million 
words

299-word 
list by 
flemma

Ward (2009)

Science Reading materials (textbooks, 
lecture notes) for 1st year 
students across 14 science 
subjects (e.g., Agricultural 
science, Biology Chemistry, 
physics, Mathematics, 
Computer Science etc.)

1.76-million 
words

315-word 
families

Coxhead and 
Hirsch (2007)

Engineering Compulsory engineering 
textbooks irrelevant of field 
specialization

2-million words 1,260-word 
families 
or 8,850 
word-types

Mundraya 
(2006)

Student 
Engineering

Student Engineering English 
Corpus (SEEC) from compulsory 
engineering textbooks irrelevant 
of field specialization

2-million words 1,200-word 
families 
or 9,000 
word-types

Moudraia 
(2003, 2004)

http://www.perc21.org/cpe_project/index.html
http://www.perc21.org/cpe_project/index.html
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Appendix B

Breakdown of Recommended Reading Materials by Type of Reading Material

Type of reading material n Profs Additional information about the reading materials
Journals 238 10 Research articles published by the professors that 

recommended them, or papers that are relevant to 
the professor’s lab, or papers that are cited in the 
field. Impact factor range was 3.23–49.96.

Book Chapter 1 1 Book chapter recommend from one research lab.
Magazine articles 89 1 Short articles with reading materials from Nature 

Chemistry on the history and discovery and current 
uses of elements.

Doctorate Dissertation 2 1 Dissertations highly connected to research in the 
professors’ research lab.

Total 330 10 -

Breakdown of Recommended Reading Materials per Professor

ID Rec Proc Keyword in the research field Token count
1 4 4 Applied Physiology, Muscle plasticity, 

microcirculation, oxygen exchange, cell 
membrane function

23,131

2 89 89 Nuclear and analytical chemistry, In-beam 
Mössbauer Spectroscopy, Mössbauer Effect, 
Inorganic and Analytical Chemistry, Nuclear and 
Radiochemistry, Quantum Beam Science

78,382

3 67 46 Chemical biology; organic chemistry; optical 
physics; cancer cells; proteins; peptides; non-
natural amino acids

20,1391

4 45 38 Quantum Optics; controlling and detecting the 
quantum nature of light. Exploit novel optical 
science and technology

128,290

5 188 124 Elucidation of intracellular signal transduction 
mechanisms at the molecular level through 
experiments using living cells

740,457

6 5 5 DNA Chemistry 20,155
7 5 5 Innovating and applying a bio-probe modelled 

on firefly bioluminescence and highly-selective 
hydrogenation catalyst

22,288

8 3 3 Molecular mechanisms of synaptic plasticity, 
which is the cellular basis for memory and learning. 
Development techniques to control synaptic 
plasticity

25,117

9 12 10 Optical and electronic properties of nanoclusters 66,997
10 10 6 Movement of bacteria 52,948
Ttl 428 330 - 1,359,156

Note. ID = Professor ID; Ttl = Total; Rec = Number of recommended papers; Proc. = Number of 
processed papers.
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Appendix C
High-Frequency Word List (Subset for the top 100 words)

Flemma List Accounting for Singular, Plural, Present Tense and Past Tense

No. Type Freq No. Type Freq No. Type Freq
1 sperm 5,074 35 dependent 807 69 crystal 566
2 oocytes 3,613 36 detected 770 70 intensity 565
3 oscillations 2,630 37 Influx 757 71 substrate 558
4 induced 2,228 38 Pulse 755 72 mitochondria 543
5 PLC* 2,029 39 Plasma 742 73 inhibited 538
6 fertilization 2,012 40 measurements 737 74 inhibitor 537
7 activation 1,976 41 injected 733 75 transition 529
8 photon 1,905 42 wavelength 733 76 progesterone 516
9 membrane 1,663 43 Ion 713 77 GFP* 507
10 calcium 1,543 44 pathway 710 78 interference 506
11 peptide 1,484 45 spectral 699 79 cytoplasm 505
12 fluorescence 1,443 46 Buffer 693 80 CAMK II* 503
13 DNA* 1,147 47 Fusion 683 81 fluorescent 502
14 transient 1,138 48 Ratio 681 82 ATP* 498
15 acid 1,104 49 FRET* 677 83 optical 494
16 obtained 1,103 50 mammalian 675 84 incubated 492
17 activated 1,102 51 emission 663 85 dynamics 490
18 kinase 1,050 52 experimental 658 86 compounds 489
19 domain 1,024 53 Laser 650 87 mediated 484
20 receptor 1,007 54 anti*** 649 88 residues 482
21 found 986 55 excitation 646 89 detection 481
22 respectively 971 56 TBA* 634 90 FURA-2* 478
23 frequency 961 57 Probe 618 91 maturation 471
24 antibody 902 58 Amino 617 92 mutant 470
25 molecules 897 59 Spectra 614 93 fertilized 461
26 injection 895 60 Trigger 612 94 aptamer 458
27 intracellular 895 61 mitochondrial 610 95 enzyme 457
28 molecular 892 62 Pump 609 96 amplitude 452
29 PLCZ* 883 63 quantum 603 97 atoms 452
30 formation 869 64 STIM* 593 98 sensitive 449
31 InsP** 852 65 CatSper* 589 99 stimulation 449
32 distribution 840 66 RNA* 585 100 regulated 449
33 extracts 828 67 Species 576
34 embryos 814 68 Phage 572

Note. No. = High-Frequency Ranking; Freq = Frequency.
*Abbreviations: ATP = Adenosine triphosphate; CAMK II = Calmodulin-dependent protein 
kinase II (CaM kinase II or CaMKII); CatSper = Cation channels of sperm (a sperm-specific 
calcium channel); DNA = Deoxyribonucleic acid; FRET = Fluorescence resonance energy 
transfer; FURA-2 = A ratiometric and sensitive indicator dye for measuring intracellular 
calcium; GFP = Green fluorescent protein; GST = Glutathione S-transferase; PLC = Phosphor 
phospholipase C; PLCZ = Phosphor phospholipase Z; RNA = Ribonucleic acid; STIM = Stromal 
interaction molecules; TBA = tert-Butyl acrylate
**Variations: For example, InsP3 = Inositol trisphosphate; InsP4 = plasmalemmal inositol 1,3,4,5-
tetrakisphosphate 
***Prefix: For example, Anticipated; Antibody; Anti-rabbit IgG; Anti-poptotic; Anti-Securin; Anti-
CDC2
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Abstract
The main purpose of this study was to provide validity evidence to sup-
port the creation and use of three instruments theorised to measure the 
existence of the form-meaning link between three sets of nonwords, and 
their assigned meanings within an experiment. The experimental study 
used a counterbalanced Latin square design to examine and compare 
three conditions of deliberate vocabulary study (word cards and two 
variations of tablet-based augmented reality) across three thematically 
constrained sets of controlled nonwords. The collected data gathered 
with the three delayed post tests conducted for each of the sets from 
the experiment were subjected to separate Rasch analyses, which are 
described in this study. The findings serve as evidence of construct valid-
ity and show: (1) the instruments performed as predicted by two a priori 
hypotheses, (2) the items were found to display good fit as to the expec-
tations of the Rasch model, (3) each of the three instruments were found 
to be unidimensional, and (4) with no changes, these three instruments 
are expected to yield similar results if they were to be used to measure 
participants within a similar context from the same population.

Keywords: Rasch Analysis, Augmented Reality, deliberate vocabulary 
learning, visuospatial bootstrapping, instrument validation

1 Background
Augmented Reality (AR), an emerging technology which overlays digital 

information (e.g., visual, auditory, or haptic vibrations) onto a user’s experience 
of reality with a device (e.g., mobile-device or a head-mounted-display), has many 
possible pedagogical applications (see Figure 1 for an example from the present 
study). In SLA, specifically in vocabulary acquisition, the role of AR is now being 
investigated. Researchers are breaking new ground in vocabulary acquisition stud-
ies with AR – recent studies have examined vocabulary acquisition of English and 
other languages and have focused on cognitive load, the importance of physical 
context, engagement, and motivation (i.e., Chen & Chan, 2019; Costuchen et al., 
2020; Geng & Yamada, 2020; Ibrahim et al., 2018; Liu et al., 2016; Solak & Cakır, 
2015; Taskiran, 2019; Zainuddin et al., 2016). 

Faster gains, higher rates of retention, and the rapid productive mastery 
of items studied are some of the noted benefits of intentional vocabulary study 
(Schmitt, 2000, 2008). Comparisons of AR for deliberate vocabulary study with 

http://vli-journal.org�
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conventional modes of study such as word cards and teacher-fronted lessons have 
found AR treatments to be similarly effective (e.g., Chen & Chan, 2019; Geng & 
Yamada, 2020), but other studies have observed AR treatments to be more effec-
tive in leveraging vocabulary retention (e.g., Costuchen et al., 2020; He et al., 2014; 
Ibrahim et al., 2018). Finding significantly increased rates of recall of items studied 
in an experiment making use of real-world environments for the deliberate study of 
Spanish idioms with AR, Costuchen et al. (2020) theorised and coined AR-VSB, a 
method that makes use of visuospatial bootstrapping, an effect discovered in which 
visuospatial contextualised scaffolds can aid in the retention and recall of infor-
mation (Darling & Havelka, 2010), as VSB has been observed to be involved in the 
storage of short-term visuospatial and verbal information, as well as connected to 
long-term memory and knowledge (Calia et al., 2019; Darling et al., 2017).

Figure 1. The Use of Tablet-Based AR-VSB in the Current Study.



Vocabulary Learning and Instruction, 11(2), 69–93.

Dabrowski: Rasch-Based Instrument Validations 71

This study describes the validation processes of three instruments used to 
measure vocabulary gains in an experiment which compared two variations of 
tablet-based AR-VSB study modes with each other and with paper-based word 
cards in the deliberate study of concrete nonword nouns. Two a priori hypoth-
eses were theorized before the collection and analysis of validity evidence: (1) 
Meaning-recall (MR) items would be systematically more challenging than the 
Yes/No (YN) items, and this difference would be visible in the output Wright 
maps and statistics for each of the three Rasch analyses. (2) The instruments 
would be responsive to the degree of discerning differences based on variations 
in treatment type.
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|

Less Able Persons | Less Difficult Items

Figure 2. Set 1 Wright Map of Person and Items.

Note. M = the mean of the person or item estimates. S = 1 standard deviation from the mean. T = 2 standard 
deviations from the mean.
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2 Method
The participants in this study (N = 39) were adult learners, 20 females 

and 19 males, residing and working or studying in Tokyo, Japan. Seventeen 
(17) were doctoral students (all of whom work as university professors), 6 were 
undergraduate students, and 15 participants were university professors or 
language instructors. All participants had a native or near-native command 
of either English or Japanese. First language (L1) included English (n = 21) 
Japanese, (n = 13), Cantonese (n = 2), Mandarin (n = 1), Dutch (n = 1), and 
Portuguese (n = 1).
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Figure 3. Set 2 Wright Map of Person and Items.

Note. M = the mean of the person or item estimates. S = 1 standard deviation from the mean. T = 2 standard 
deviations from the mean.
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Two tablet-based AR-VSB vocabulary learning treatment conditions, AR1 
(context-independent treatments) and AR2 (context-dependent treatments), were 
compared with each other and with paper-based word cards.1 A counterbalanced 
Latin square design (see Table 1) was used to place participants into one of three 
treatment groups such that each participant studied a total of three sets of non-
words with one of the three experimental treatments per set. Treatment orders and 
word set orders were randomized to prevent potential ordering effects. For each 
word set participants completed a pre-test, a 10-minute session of focused deliber-
ate study, an immediate post-test (conducted after 1 minute of verbal distraction), 
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Figure 4. Set 3 Wright Map of Person and Items.

Note. M = the mean of the person or item estimates. S = 1 standard deviation from the mean. T = 2 standard 
deviations from the mean.
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and a 1-week-delayed post-test. The instruments examined in this paper are those 
delayed post-tests and their collected data.

Three sets of concrete nouns subsumed under three thematic superordi-
nates, capable of being embodied by actual objects in AR-VSB treatment varia-
tions, were created. The three thematic superordinates included a desk, a kitchen, 
and a music scene. The ARC Nonword Database (Rastle et al., 2002) was used to 
generate 75 five-letter nonwords, which had only orthographically existing onsets, 
only orthographically existing bodies, and were only legal bigrams. A minimum 
neighburhood size was set at 4 and the summed frequency of orthographic and 
phonological neighburs was set to 0 as per Zhang et al. (2020). Thirty (30) of these 
nonwords were selected and assigned to their English and Japanese meanings (see 
Appendix A).

The three delayed post tests were administered with Google Forms in an 
Internet browser and contained two sections: a Yes/No (YN) section and a MR 
section. Fifteen (15) words (the 10 set nonwords studied plus 5 distractors selected 
from the ARC generated nonword list) were presented to the participant and they 
judged if they remembered having learned the words in the YN section. The MR 
section included only the 10 items the participant studied within the set. The 
nonword was presented to the participant and they were asked to type the corre-
sponding English or Japanese meaning of the target word (Read, 2019; Stoeckel 
et al., 2021). To access the Google Forms used in this study, see Appendix C.

The YN response data were scored automatically and the MR response data 
were scored independently by two raters, κ = 0.92 [0.89, 0.94], indicating very good 
inter-rater reliability. All data were represented dichotomously and input into 
three separate command files along with dummy codes for each item and partici-
pant. The data were then subjected to separate Rasch analyses with WINSTEPS 
(Linacre, 2022c).

3 Results and Discussion
No floor effect was observed in any set. No ceiling effect was present in Set 

1, though ceiling effects were observed in Sets 2 and 3: two participants, and four 
participants respectively attained the maximum scores indicating that these partic-
ipants made a successful form-meaning link for all the words in that set. The least 
and the most able participants of Set 1 had ability estimates of -1.15 and 4.15 logits 
respectively, item difficulties ranged from -4.28 to 2.63 logits. The least and the most 
able participants of Set 2 had ability estimates of -0.91 and 5.47 logits respectively, 

Table 1. 3 × 3 Latin Square Design

(Word Set / 
Treatment Mode) Word Cards (WC)

AR1 Context-
Independent 
AR-VSB Scene

AR2 Context-
Dependent 
AR-VSB Scene

Word Set 1 (DESK) Group A Group B Group C

Word Set 2 (KITCHEN) Group C Group A Group B

Word Set 3 (MUSIC) Group B Group C Group A
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item difficulties ranged from -2.77 to 2.57 logits. The least and the most able partic-
ipants of Set 3 had ability estimates of -0.44 and 5.56 respectively, item difficulties 
ranged from -2.50 to 2.62 logits. The conservative n size of 39 participants per test is 
appropriate for a well-designed pilot study (Linacre, 1994, p. 328).

Both the spread of item calibrations and the responsiveness of the three 
instruments were assessed by calculating the item and person strata with the 
respective separation statistics for each set using the formula: (4*Separation + 
1)/3 (Wright & Masters, 2002, p. 888). The calculated item strata statistics were 
3.92, 3.81, and 3.79 for Sets 1, 2, and 3 respectively, demonstrating that the items of 
each test fall into three levels of distinct difficulty and indicate good item spread 
(Fisher, 2007). The calculated person strata statistics were 2.91, 2.80, and 2.52 for 
Sets 1, 2, and 3 respectively; the Rasch model identified two distinct levels of per-
son-ability, indicating fair person spread (Fisher, 2007).

All items in each set demonstrated good to excellent fit as per the expectations 
of the Rasch model. The Rasch standardised item weighted mean-square (Mnsq) 
fit statistics as they were estimated for the 39 participants per each test that were 
evaluated to assess the technical quality of each instrument. Item-model fit was 
examined with the conservative mean-square range extremes set at 0.77 and 1.30, 
which is considered to exhibit excellent item fit to the Rasch model (Fisher, 2007), 
and Zstd statistics which exceeded ±2.00 were flagged as being detrimental to mea-
surement (Beglar, 2010; Smith, 2000; Smith et al., 1998). In Set 1, two items, MR16, 
bload (pen), Infit Mnsq = 1.33, Infit Zstd = 1.58, and MR25, zight (smartphone), Infit 
Mnsq = 1.39, Infit Zstd = 1.78, exhibited slight underfit, yet are in line with slightly 
less conservative mean-square range extremes of 0.71 and 1.40, and were observed 
to exhibit very good fit (Fisher, 2007). Neither item’s Zstd statistics exceeded 2.00. 
No other underfitting items were observed. As for overfitting items, considered to 
be far less detrimental to measurement (Bond et al., 2020), of all three instrument 
analyses, only one item’s Zstd statistic exceeded – 2.00: In Set 1, item MR20, grink 

Figure 5. Set 1 Standardised Residual Plot for 1st Contrast.
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(paper), Infit Mnsq = 0.62, Infit Zstd = -2.41, was observed to be slightly overfit-
ting, but this was not considered to be problematic because less than 5% of that 
instrument’s items exhibit overfit and therefore item-difficulty and person-ability 
were not substantially affected (Smith, 2005). MR50 of Set 2, zound (coke), Infit  
Mnsq = 0.73, Infit Zstd = -1.73, and MR73 of Set 3, satch (iPod), Infit Mnsq = 0.71, Infit  
Zstd = -1.69, both exhibited slight overfit based on the excellent 0.77 to 1.30 range, 
but were both observed to be in line with the very good mean-square range extremes: 
0.71–1.40 (Fisher, 2007) with Zstd statistics well within ±2.00.

Figure 6. Set 1 Standardised Residual Loadings Plot for 1st Contrast.

Figure 7. Set 2 Standardised Residual Plot for 1st Contrast.
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The instruments were constructed to measure a form-meaning link between 
nonwords and their meanings in English or Japanese, and were theorized to only 
measure this singular construct. Principal components analyses (PCAs) were con-
ducted on the instruments to assess the dimensionality of this construct as mea-
sured. The total variance accounted for by the Rasch model and the eigenvalue 
of the unexplained variance in the first contrast for each instrument was 43.9%, 
3.40; 42.0%, 3.00; and 42.6%, 2.90, respectively. Linacre (2022b) advised that tests 
are likely unidimensional if the first contrast has an eigenvalue less than 3. Sets 1 
and 2 both have questionable eigenvalues and therefore the possibility exists that 
a second dimension may be present, yet for neither instrument did percentages 
of variance explained by the first four contrasts exceed the recommended 10% 
which would clearly indicate the presence of a second dimension (Linacre, 2022a). 
Standardized residual plots and their loadings were assessed (see Figures 5-8). In 
both Figures 5 and 7, no obvious gaps or groupings exist in the loadings displayed, 
with exception perhaps for items A and B in Set 2 (YN items prompting cup and 
chopsticks) which cluster together. Further examination of Figures 6 and 8 yielded 
that both tests display an equal mix of MR and YN loading items indicating that 
if an additional dimension were present, it is unlikely to be based on a difference 
in test-item format. In Figures 6 and 8, the top five ± loading items have been 
annotated, there appear to be no clear patterns as to their loadings. Furthermore, 
in neither residual loading chart do we see more than 3 items with loading values 
greater than 0.80, 4 items greater than 0.60, or 10 items greater than 0.40, any of 
which conditions would be indicative of a secondary construct (Stevens, 2012).

Valid instruments should be capable of gathering similar data under simi-
lar conditions from a similar sample of participants (Messick, 1989). Test instru-
ments should be sensitive enough to measure the latent variable, yet should 
also be robust enough such that traits or biases present in some participants 
not related to the latent variable are not rewarded. Tennant and Pallant (2007) 
defined the analysis of differential item functioning (DIF) as being, “… con-
cerned with identifying significant differences, across group membership, of the 
proportion of individuals at the same apparent ability level who answer a given 
item correctly” (p. 1082). Four group membership classes presenting potential 
sources of bias were identified in the present sample to examine instances of 
DIF in the data sets gathered: gender, treatment modes, L1 representation on 
the WC or AR labels, and L1 variations (English / Japanese / Other as L1). In 
the context of Rasch DIF analyses, though multiple t-tests are carried out on 
each item within the set, if the diagnosis of individual items is the goal of the 
researcher, applying the Bonferroni adjustment (alpha / the number of t-tests 
in a single DIF analysis) would not be appropriate (Linacre, 2022b). However, 
as four separate DIF analyses per data set were conducted, the chance of com-
mitting a family-wise error was amplified, and accordingly a Bonferroni adjust-
ment which accounted for the four separate DIF analyses conducted on each 
individual data set was applied to set alpha at a more conservative value of 
0.0125. No items were found to unfairly reward participants based on gender, L1 
representation on the labels, or L1 variations. One item from Set 2, chame (cup), 
was found to unfairly reward WC treatment over AR2, though there were no 
relationships between WC:AR1 or AR1:AR2 for this item. Future iterations of 
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Figure 8. Set 2 Standardised Residual Loadings Plot for 1st Contrast.

Set 2 will account for this and reformulate this item to correct for this possible 
source of bias. Furthermore, person reliability statistics (0.79, 0.77, and 0.73, for 
Sets 1, 2 and 3) all considered fair, while the item reliability statistics (0.88, 0.87, 
and 0.87, for Sets 1, 2 and 3) all considered good (Fisher, 2007)

4 Assessment of Hypotheses
Regarding the first hypothesis, the item measures were examined for all 

three sets. In the Wright maps the grouping of YN and MR items based on their 
difficulty is visually salient. YN versus MR item difficulty spanned -4.28 to -0.13 
versus 0.79 to 2.63, -2.77 to 0.22 versus 0.73 to 2.57, and -2.50 to 0.01 vs. -0.19 to 2.62 
in logits respectively for Sets 1, 2, and 3. Despite slight overlap between YN and 
MR item ranges in Set 3, these data show that MR items were consistently more 
difficult than YN items on all three tests.

Regarding the second hypothesis, though the participants are not ranked 
as cleanly as the YN/MR items, there is an emerging hierarchy of participant 
ability based on treatment type. In the Wright maps we see that WC treatments 
disproportionately account for participants performing below the mean in each 
set. In Figure 9, we can see the distributions of participant logit scores based on 
the treatment conditions as discerned by each instrument. Set 2 presents some-
thing of a discrepancy between the treatment conditions as compared to their 
relationship in the other two sets, but this is likely the outcome of a difference 
in the embodied AR environments in the experiment and is unrelated to the 
instrument itself as item reliability, item fit, and item spread have been observed 
to be good. That the item strata statistics for all instruments indicated that at 
least three statistically significant levels were discerned by each instrument indi-
cates that each is sensitive and capable of measuring differences in treatment 
variations.
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5 Conclusion
The main purpose of this study was to provide validity evidence for three 

instruments developed to test the form-meaning link in participants who learned 
nonwords with WC and AR in an experimental study. A priori hypotheses concern-
ing the construct tested were confirmed based on the findings: (1) MR items were 
a more rigorous test of the form-meaning link as compared to YN items, and (2) 
These instruments are capable of discerning performance differences based on the 
experimental condition groupings of the participants in the experiment. The very 
good to excellent fit of the items, the spread of the items, and the person and item 
strata all show that the items were well suited for their use in this sample. Though 
there were borderline indications that a second dimension might be present in two 
of the instruments, no patterns or systemic potential causes were found within the 
items in question in the PCAs. Rigorous DIF analyses were conducted to assess the 
presence of item biases based on gender, language representation, L1, and treatment 
types. Within these analyses, only one item was found to unfairly reward one treat-
ment condition over others. Measures will be taken to improve these instruments 
and make them more robust with the inclusion of form-recall, form-recognition, 
and meaning-recognition items. The study of vocabulary with the use of AR is a 
relatively new area of study in SLA, and as of yet, studies in this area are few. As new 
ground is broken, researchers must make efforts to provide validation evidence for 
the instruments they have theorized to be capable of discerning and discriminating 
the language gains participants experience in their experimental AR studies.

Figure 9. Logit Distributions by Treatment Per Set.
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Note:

1. For more details regarding the treatment modes, please see the supplemen-
tary materi als link. For photographs of the treatment modes, please see 
Appendix B.
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Table A1. Word Set 1: DESK

bload / ペン / pen
dudge / 本 / book

foose / パソコン / computer

grink / 紙 / paper

mence / テープ / tape

shoat / 眼鏡 / glasses

creet / ハサミ / scissors

slank / ポーチ / pouch

prome / シーディー / CD
zight / スマホ / smartphone

Table A2. Word Set 2: KITCHEN

clush / 洗剤 / soap
brear / スポンジ / sponge

foint / お箸 / chopsticks

plail / フライパン / pan

lorch / 皿 / plate

chame / カップ / cup

smole / フォーク / fork

stape / お茶 / tea

stook / チップス / chips
zound / コカコーラ / coke

Table A3. Word Set 3: MUSIC

boach / ピアノ / piano
crawn / ギター / guitar

fronk / 音楽 / music

plint / メトロノーム / metronome

prane / コード / cord

satch / アイポッド / ipod

flont / ピック / pick

slunt / アンプ / amplifier

drack / コーヒー / coffee
tudge / ケース / case

Appendix A

Word Sets
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Appendix B

Treatment Set Documentation

Figure A1. Set 1 Word Cards.
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Figure A3. Set 3 Word Cards.

Figure A2. Set 2 Word Cards.
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Figure A4. Set 1 AR1 Scene.

Figure A5. Set 1 AR1 Scene with AR Labels.
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Figure A6. Set 2 AR1 Scene.

Figure A7. Set 2 AR1 Scene with AR Labels.
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Figure A8. Set 3 AR1 Scene.

Figure A9. Set 3 AR1 Scene with AR Labels.
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Figure A10. Set 1 AR2 Scene.

Figure A11. Set 1 AR2 Scene with AR Labels.
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Figure A12. Set 2 AR2 Scene.
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Figure A13. Set 2 AR2 Scene with AR Labels.
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Figure A14. Set 3 AR2 Scene.

Figure A15. Set 3 AR2 Scene with AR Labels.
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Appendix C

Google Form Links
Set 1 Pretest: https://forms.gle/nSuNP8hsi8VXGAAa7

Set 2 Pretest: https://forms.gle/BCQYCnu4dxJNSe187

Set 3 Pretest: https://forms.gle/TD67Jas8L56H9LmLA

Set 1 Posttest: https://forms.gle/pG6XqquAkD6Hmz5XA

Set 2 Posttest: https://forms.gle/R5b8wSKtHXjSZHLD9

Set 3 Posttest: https://forms.gle/CDaQvHDxAYZZACUr9

Set 1 Delayed Posttest: https://forms.gle/SoNZbJbtgftgQRXW9

Set 2 Delayed Posttest: https://forms.gle/KHbmwBmd7JuqSKiw7

Set 3 Delayed Posttest: https://forms.gle/8W7pvS4XKGbkYEoW7

Supplementary Materials
https://drive.google.com/drive/folders/1jJlSqVVZB0kC1hYdK3jfJb-

vfzW9-vqKl?usp=sharing
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Abstract
A standard treatment of proper names in second language (L2) vocab-
ulary analyses is to categorize them as known items. This treatment is 
often supported by the assumption that the form of the proper name 
(i.e., the initial capital letter) and the context will indicate to the L2 reader 
that the item is a proper name. The aim of this work-in- progress report 
is to propose a methodological approach for investigating the claim that 
form facilitates proper name recognition for L2 readers, in particular 
for those whose first language (L1) employs a different orthography and 
writing system than English. While previous research has looked at the 
orthographic processing of proper names for L1 users, a gap exists in 
the literature for L2 readers. The assumption that L2 readers are skilled 
at identifying proper names from the initial capital warrants investi-
gation as there are implications for the processing load in both peda-
gogical and testing situations. A proposed method to investigate the 
initial capital letter as a cue for L2 English proper name recognition is a 
name decision task, a variation on a lexical decision task, using English 
proper names and common nouns that are familiar to Japanese par-
ticipants. Reaction times and error percentages to proper names with 
case type as a factor (i.e., initial capital letter or all lowercase) will be 
submitted to a linear mixed effects analysis.

Keywords: proper names, second language reading, orthographic pro-
cessing, orthographic cue, lexical decision task

1 Introduction
This study presents a work in progress that aims to investigate whether 

the form of English proper names (i.e., the initial capital letter) facilitates name 
recognition in second language (L2) readers of English whose first language (L1) 
has a different orthography and writing system than English. It has been 
assumed that proper names are easily identified and understood by L2 read-
ers: the form and context will signal that the item is a proper name (Hirsh & 
Nation, 1992). This assumption has been cited in subsequent research to support 
the treatment of proper names in lexical analyses as known or low-burden items 
(e.g., Hu & Nation, 2000; Nation, 2006; Webb & Rodgers, 2009). Because proper 
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names can make up a significant portion of the items in a text, for example, 4–5% 
of fiction texts (Francis &  Kucera, 1982), assuming proper names are known 
items can have a significant impact on the results of text coverage counts.

There is, however, little empirical support for the assumption. A study that 
did investigate the contextual aspect of the assumption is Klassen (2021), which 
looked at how well L2 readers were able to use sentential context to identify proper 
names and found that they were successful in only about a quarter of cases. This 
finding suggests that context might not always be helpful for L2 readers to identify 
proper names as such. As for the second part of the claim, that the form of proper 
names facilitates recognition for L2 readers, there is no study (that the author is 
aware of) that has investigated this claim. The work in progress described here 
aims to fill that gap.

2 Orthographic Processing of Proper Names
An area that has not received much attention in L2 reading research is 

orthographic processing (Nassaji, 2014). Since L2 readers arguably have less print 
exposure than L1 readers, it seems informative to look at the role of orthographic 
processing in L2 proper name recognition. There has been research into the 
orthographic processing of L1 proper names. A seminal study, Peressotti et al. 
(2003), used the lexical decision task paradigm to investigate recognition of L1 
Italian proper names and common nouns. Like English, Italian proper names are 
capitalized, while common nouns are not.

Prior to Peressotti et al. (2003), studies that investigated the processing of 
these two word classes suggested that processing differences occur at the seman-
tic level. No previous studies had suggested that differences in processing might 
occur at the orthographic level, even though there are orthographic differences 
between the two classes in many languages (i.e., proper names are marked with 
an initial capital letter). Therefore, their aim was to investigate if there is an effect 
of orthography on the visual recognition of proper names and common nouns for 
L1 Italian users. Peressotti et al. (2003) pointed to theories of abstract letter iden-
tities (e.g., Coltheart, 1981) which propose that word recognition is not affected by 
size, type, or case of letters, and thus would predict that processing of names and 
common nouns is not affected by the case of the initial letter. In contrast, episodic 
theories (e.g., Logan, 1988) suggest that word recognition is facilitated by earlier 
episodes with target words, and therefore would predict faster response times to 
proper names with initial capital letters and common nouns with lowercase letters.

Peressotti et al. (2003) tested these predictions by conducting five experi-
ments. The sample (N = 173 over five experiments) was composed of L1 Italian 
adult participants. In experiments 1, 2, and 3, participants were shown sets of 
proper names, common nouns, and pseudo-words (derived from the real words by 
altering one or two letters). In the first two experiments, the stimuli were presented 
in one of two case conditions: first letter capitalized (e.g., Giovanni, Factory) or all 
letters capitalized (e.g., GIOVANNI, FACTORY). In experiment 3, stimuli were 
presented in either all lowercase letters (e.g., john, friendship) or only initial letter 
capitalized (e.g., John, Friendship). Experiment 4 was an auditory experiment. 
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In  experiment 5, illegal non-words (random strings of consonants) were used 
instead of pseudo-words. The proper names and common nouns were matched 
for frequency and length. Regarding proper names for people, the authors focused 
their inquiry on generic names, those that can refer to an actual or potential 
person, rather than those names that refer to specific, famous people. The task 
was a lexical decision (i.e., to indicate whether the target item is a word or not). 
Participants were instructed to respond to the lexical decision task irrespective of 
the case of the letters.

The authors found that proper names with an initial capital letter are rec-
ognized faster than common nouns with an initial capital letter, and faster than 
proper names and common nouns with lowercase first letter. Proper names and 
common nouns with the first letter in lowercase are recognized at the same speed 
as common nouns with an initial capital letter. The findings indicate a  
“facilitation effect for proper names with the first letter capitalized” (p. 106). There 
was no advantage for proper names in the auditory condition, which suggests the 
effect occurs at the orthographic level, not semantic. Moreover, no effect was 
found for proper names in the lexical decision task with illegal non-words, which 
suggests that the initial capital letter is important only for lexical processing.

Peressotti et al. (2003) suggest that no current theoretical account can fully 
explain these findings. That the form of the initial letter affects lexical access by 
speeding up proper name recognition seems to provide counterevidence for the 
orthographic representation of abstract letter identities theory 
(Coltheart, 1981), which predicts that identification of a letter string is 
independent of case. However, their data do not support the episodic theory 
(Logan, 1988) either. Common nouns with an initial capital letter and 
proper names with an initial lowercase were not recognized more slowly than 
common nouns with the first letter in lowercase. Therefore, the familiarity of 
the stimuli (the case form that we normally see) did not affect response 
times. In their conclusion, the authors propose that their findings can 
be explained under abstract letter identities theory: “the upper-case  lower-
case distinction is abstract in nature as it is an intrinsic property of 
letters” (Peressotti et al., 2003, p. 108). Thus, they propose that the initial 
capital letter is a crucial orthographic cue that can speed up word recognition. 
Also, they claim that letter case contains relevant orthographic 
information because it can distinguish between word classes.

Peressotti et al.’s (2003) investigation has important implications with 
respect to the processing of L2 proper names. As summarized above, their find-
ings suggest that the initial capital letter facilitates proper name recognition for 
L1 users. It is interesting to consider whether this facilitation effect also exists for 
L2 users. It is not known whether the initial capital letter facilitates proper name 
recognition for L2 users whose L1 uses a different writing script or orthography. 
For example, in German, all nouns are capitalized, while in English, only proper 
names and related adjectives are capitalized.

Proficiency level may also be a variable for how efficiently L2 readers 
orthographically process proper names in continuous text. There is evidence that 
as L2 proficiency increases, orthographic knowledge is used more than phono-
logical knowledge (e.g., Chikamatsu, 2006; Nassaji, 2003). Thus, it might be the 
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case that L2 users with limited processing experience do not process  uppercase 
and lowercase letters as efficiently and automatically as L1 users. For example, 
letters that look similar in both cases (e.g., Cc, Oo, Zz) might be more difficult to 
distinguish in continuous text than letters that are dissimilar (e.g., Aa, Bb, Ee). 
As Alderson (2000) notes, “Since difficulty in processing letters is related to auto-
maticity of word identification, and since speed of word recognition affects speed 
and efficiency of reading, one might expect that second language readers process-
ing different orthographies or scripts might experience greater difficulty” (p. 75). 
Thus, the assumption that L2 readers can easily identify proper names in contin-
uous text by the initial capital letter needs to be confirmed with empirical data. 
This might be particularly relevant for readers whose L1 has a different writing 
script than English.

To investigate whether the initial capital letter facilitates recognition of 
English proper names for L2 readers with a different L1 writing system than 
English, an experiment is proposed: The participants’ task will be a name deci-
sion task (i.e., Is the stimulus a name? yes or no), a variation of the lexical decision 
task. The research question is: To what extent does the initial capital letter on 
English proper names facilitate name recognition for L1 Japanese L2 English par-
ticipants? While the initial capital letter facilitates recognition of proper names 
for L1 users, it is hypothesized that this facilitation effect will not be seen in L1 
Japanese L2 English readers due to the fact that they have less processing expe-
rience than L1 English readers. Moreover, given the differences in how proper 
names are marked in the two languages (i.e., English with an alphabetic writing 
system and Japanese with a morphosyllabic and syllabic writing system), it is pre-
dicted that L1 Japanese L2 English participants will be less sensitive to the initial 
capital letter on English proper names.

3 Proposed Methodology and Data Analysis

3.1 Participants
Participants will be 20 Japanese university students at an intermediate profi-

ciency level (B1 on the Common European Framework of Reference for Languages 
[CEFR] scale). As noted above, orthographic knowledge may be used more than 
phonology as L2 proficiency increases, so it is important that proficiency level is 
controlled for.

3.2 Materials
A set of 80 English proper names will be selected, and a list of corre-

sponding common nouns will serve as distractors in the name decision task. 
(A list of pseudo-words will not be generated for the purpose of the experi-
ment). The proper names and common nouns will be matched for frequency 
and length. The frequency of proper names will be determined from a corpus of 
Japanese junior and senior high school English textbooks. Common nouns will 
be selected from high-frequency word lists (i.e., first 3,000 words of the Corpus 
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of Contemporary American English [COCA] corpus). Before the list of items 
is finalized, in order to confirm that the proper names and common nouns are 
familiar to participants, six Japanese informants from the same population as 
the participants will be asked to rate the items on a familiarity scale. To control 
for the effects of semantic category, proper names will be selected from catego-
ries of people and places, and common nouns will also be limited to two catego-
ries, as was done by Peressotti et al. (2003) in their study. Items that have both 
a common noun and a proper name usage (e.g., Rose, rose) will not be used.

Target items will be presented in one of two conditions: with an initial capital 
letter or all lowercase. Two lists will be created in a Latin Square design, whereby 
if an item appears with an initial capital letter in one set, the same item will appear 
in all lowercase in the second set (e.g., Michael, teacher; michael, Teacher).

The set of 80 target proper names used with 20 participants will achieve 1,600 
word observations per condition (i.e., initial uppercase or all lowercase). Because 
reaction time experiments investigate small effects, 1,600 observations per condi-
tion are needed to ensure that the experiment is properly powered (Brysbaert & 
Stevens, 2018).

3.3 Procedure
The participants’ task will be to decide whether a target item is a name or 

not (i.e., Is this a name? yes/no). Participants will be told that there are two catego-
ries of proper names: people’s names and place names. They will be instructed to 
answer irrespective of the letter case. Accuracy and speed will be emphasized in 
the instructions. Participants will be trained with 20 items (i.e., 10 proper names 
and 10 common nouns), which are different than the items used in the experiment.

3.4 Data Analysis
Only responses to the proper names will be analyzed. Incorrect responses 

and reaction times beyond the limit value (two standard deviations plus or minus 
the mean) will be excluded from the analysis. Mean correct reaction times and 
error percentages will be reported for one fixed factor: case type (initial capital let-
ter and all lowercase). These data will be submitted to a linear mixed effects anal-
ysis with R (R Core Team, 2022) with case type as a fixed effect, and participants 
and items as random effects. According to Brysbaert and Stevens (2018), mixed 
effects analyses are more powerful than traditional separate F1 (participants) and 
F2 (items) analyses. Because there are two random variables (i.e., participants and 
items), the authors contend that it is preferable to employ a single analysis that 
takes both into account.

4 Summary
While it has become standard in L2 lexical analyses to treat proper names as 

known vocabulary under the assumption that the form and context will provide 
relevant information to the L2 reader, little research has been done to investigate 
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this assumption. The proposal described in this study aims to investigate the 
claim that the initial capital letter serves as a cue for L2 English proper name 
recognition for readers whose L1 uses a different orthography than English. A 
name decision task experiment is proposed using a set of familiar proper names 
with case type (i.e., initial capital letter or all lowercase) as a factor; common 
nouns are used as distractors for the purpose of the task. Reaction times and 
error percentages for the proper names will be submitted to a linear mixed effects 
analysis.
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1 Introduction
Vocabulary supports virtually all aspects of language performance. 

Researchers’ awareness of its importance has been expressed in multiple the-
ories and instructional recommendations in different skills: speaking (e.g., 
Kormos, 2006; Levelt, 1989), listening (e.g., Field, 2008; Rost, 2011), reading (e.g., 
Perfetti, 2007; Perfetti & Stafura, 2014), and writing (e.g., Schoonen et al., 2011). 
In the domain of second language (L2) proficiency, Hulstijn (2015) proposed a 
core-periphery model, in which various components underlying L2 proficiency 
are divided into two groups (core and periphery). The core component includes 
linguistic knowledge and its processing efficiency (e.g., vocabulary and syntax), 
and the peripheral component consists of language-general abilities (e.g., 
interactional ability, strategic competencies, and metalinguistic knowledge). 
Hulstijn contends that the core component is likely to influence L2 proficiency 
more strongly than the peripheral component. A recent collection of meta- 
analyses that synthesized correlations between various components and four 
skills (reading, writing, listening, and speaking) generally supported this model 
(Jeon & In’nami, 2022). Looking more closely at vocabulary, the meta-analyses 
commonly endorsed the strong correlation of vocabulary knowledge with all 
these skills. As briefly introduced here, the more we study with increasingly rig-
orous methods, the more evidence we obtain for the importance of vocabulary in 
L2 performance. Then, we have every reason to facilitate L2 vocabulary acqui-
sition through pedagogical endeavours. The Vocabulary Learning strand in the 
JALT Vocabulary SIG (2022) features four papers that share this aim, even if 
each one of them worked on distinct topics.

In this commentary, the following four papers have been reviewed and dis-
cussed: Vocabulary Learning Outside of the Classroom: Institutional Use of a 
Spaced Repetition Vocabulary Learning App (Mueller & Hays, 2022), Developing 
a Discipline-Specific Corpus and High-Frequency Word List for Science and 
Engineering Students in the Graduate School (Uehara et al., 2022), Rasch-based 
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Instrument Validations for an Augmented Reality Vocabulary Acquisition 
Experiment (Dabrowski, 2022), and Orthographic Processing of Proper Names: 
A Proposal to Investigate the Orthographic Cue for Second Language Readers 
(Klassen, 2022).

2 The Four Papers

2.1 Vocabulary Learning Outside of the Classroom: Institutional 
Use of a Spaced Repetition Vocabulary Learning App (Kevin Mueller 
and George Hays)

Language learning necessitates a long-term commitment of learners being 
exposed to a massive amount of language input. A serious disadvantage in English 
as a Foreign Language (EFL) contexts is the sheer lack of English input/exposure. 
Therefore, one of the challenges of educators is to find ways to increase English 
input and provide learners with learning opportunities as well as to use effective 
methods of teaching. Because in-class time is limited, the only reasonable option 
to increase input would be using out-of-class time. Many educational institutions 
have been implementing mandatory self-learning schemes in their EFL curricula 
outside of the classroom. The EFL curriculum of the Global Teaching Institute 
(GTI) at Tokyo International University (TIU) has four such schemes. In this pre-
sentation, Mueller and Hays introduced WordEngine, an app that the GTI has 
been using since 2013 as one of their schemes, reported its effect, and discussed its 
merits and challenges.

WordEngine is “a bilingual (Japanese and English) vocabulary learning 
application for smartphones and computers” (Mueller & Hays, 2022). Learners 
start with a vocabulary test (V-check) that diagnoses their starting level of vocab-
ulary knowledge. Based on this diagnostic data, the WordEngine provides learn-
ers with a personally tailored list of high-frequency words that they do not know 
yet. The learning theory behind this app is spaced learning (intervals between 
repetitions of a target item), which is considered more effective than massed learn-
ing (no intervals between repetitions) (e.g., Nakata, 2015). The learning task is 
paired-associate learning in three modes (visual, aural, and contextual) using 
flashcards. According to two studies cited by Mueller and Hays, WordEngine was 
not only faster and more effective but also resulted in larger English vocabulary 
gains by Japanese students compared to intensive reading, extensive reading, 
word lists, and paper flashcards.

The GTI has been using WordEngine since 2013. The way in which this app 
was implemented in the curriculum has gone through several changes regarding, 
for example, the requirement level of completion, the ratio to include the perfor-
mance on the app to the grade, and the range of students who use the app. For 
example, the requirement changed from 300 to 350 correct answers on the app 
per week in 2019; student app performance was counted as 10% of the final grade 
from 2019; students who use WordEngine expanded in 2021 to include majors in 
International Relations and Business Economics, as well as English majors. The 
effects of this app that the authors presented in terms of the increase in students’ 
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vocabulary size and estimated Test of English for International Communication 
(TOEIC) scores are positive. In the 2021 academic year, the average students 
improved their vocabulary score by 40% (or 1,153 words). The average first-year 
students increased their TOEIC score by 30 points.

After demonstrating the effect of the app, the authors discussed the advan-
tages of WordEngine and problems to solve in the future. The first advantage 
is the increase in vocabulary learning opportunities. Second, the app provides 
individually tailored words so that students can focus on the words that they need 
to learn most. Third, WordEngine can motivate students through its programme 
(Team Challenge) that provides class competition. Finally, students can use it 
anywhere and anytime. Despite these advantages, the authors addressed three 
challenges: making a closer connection between vocabulary learning in the app 
and classroom learning, expanding the range of activities, and finding a balance 
between the mandatory use of the WordEngine and instructors’ freedom in using 
various elements of the curriculum.

This paper is very informative and interesting for practical reasons for me 
because my university also has an out-of-class mandatory learning scheme in the 
EFL curriculum. The fact that the GTI has been using WordEngine for nearly 
10 years and considers its continued use in the future, along with the positive data 
shown in this paper, supports the usefulness of this app. Knowing about this app 
for the first time, several questions occurred to me. The first is whether the GTI 
ever considered different apps. The authors cited past studies that showed the 
effectiveness of this app compared with more traditional methods. However, the 
comparisons are not with web-based applications. I wonder whether there are any 
other similar vocabulary learning applications, and if so what is the advantage of 
the WordEngine. The second question is how we decide the requirement of out-
of-class learning. The paper suggests that higher requirement (i.e., more correct 
answers on the app) leads to larger vocabulary gains. This is a likely tendency (i.e., 
more self-study/efforts, more gains). However, we cannot increase the demand 
infinitely as students have other subjects to study. The requirement should be an 
upper limit within the doable work. Third, relevant to the second question, I won-
der how students reacted to the app. Though the paper suggests that the app has 
a motivating function, has the GTI ever had students’ evaluations of this app? 
Students’ opinions on the level of requirement may provide suggestions for set-
ting the requirement. Fourth, it would be more convincing if the benefit of the 
WordEngine is tested not only using the algorithms embedded within the app but 
also with independent tests. A related interesting question is how the increase 
of vocabulary through the WordEngine relates to performance in teacher-taught 
courses. Fifth, I wanted to know more about WordEngine’s specifications, includ-
ing differences in learning conditions (visual, aural, contextual) and how spaced 
learning is implemented in the design of learning tasks. Sixth, the paper shows that 
the gains (vocabulary size and TOEIC score) were larger in students with higher 
initial vocabulary, which seem to correspond to the more active use of the app. 
Even if the app is generally beneficial, it would be useful to specify what affects 
the gains. Is it the initial level (V-check score/general proficiency) or engagement 
(the degree of active use of the app)? These two factors are often associated, i.e., 
students with larger vocabulary sizes show more active use of the app because it 
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is less demanding for them. If so, we may want to consider how we can support 
students who start the app with smaller vocabulary sizes.

2.2 Developing a Discipline-Specific Corpus and High-Frequency 
Word List for Science and Engineering Students in the Graduate 
School (Suwako Uehara, Hibiya Haraki, and Stuart McLean)

Vocabulary size strongly supports reading comprehension. There is a con-
sensus that a lexical coverage of 95 to 98% is necessary for non-frustrating reading 
comprehension. Word lists and lexical coverage analyses can guide vocabulary 
teaching and learning because they suggest which words to learn to reach the 
desired level of lexical coverage. There are broadly three types of vocabulary: 
general-purpose words, academic words (common across a range of disciplines), 
and technical words (academic words but discipline-specific). L2 learners first 
learn general-purpose words to acquire the foundational vocabulary; when they 
become university students or researchers they need to learn academic and tech-
nical words to read research articles in their fields of study. The purpose of Uehara 
et al. (2022) is to create a discipline-specific word list for graduate students in sci-
ence and engineering fields.

Enormous amounts of work are necessary for constructing a corpus and 
making a word list: collecting purpose-appropriate materials, turning them 
into electric files, identifying and correcting noises/errors, annotating the cor-
pus according to the purpose, and counting and listing words according to the 
definition of a word adopted in a project. Even with computer technologies, 
careful manual processing by human beings with specialist knowledge is inev-
itable. To increase the quality of human-involved processes, researchers have 
to make  technology-based processes as automatic as possible so that they can 
direct their attention maximally to manual processes. This paper reports on 
innovative methods to use technologies and the challenges they encountered in 
their project.

Below is a summary of the processes in this project. The authors first col-
lected base materials that create their corpus by asking professors in an Engineering 
and Science department to provide academic reading materials. Out of 1,182 texts 
collected, the authors used 330 texts (1.34 million tokens) from the Chemistry and 
Biotechnology programs in this study. They used flemma as a counting unit of a 
word (the word form not differentiating parts of speech [POS]) because POS dif-
ference had little effect in assessing English word knowledge of Japanese univer-
sity students (McLean, 2018) and science-specific words are often not base words 
nor do they have multiple POS. They included flemmas with a range larger than 
3 and frequency higher than 50, and deleted the first 2,000 flemmas in the New 
General Service List (NGSL) (i.e., general-purpose words). They used several data 
processing tools (MATLAB, PDFelements, and AntCont) in combination with 
manual inspection by human beings.

Researchers in corpus linguistics would find their use of MATLAB 
(a   programing language/software) highly informative. They used this software 
for multiple purposes: to create text files from PDF, fix errors that may affect 
word count, add functions to report some useful information (summary report of 
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analysis), solve problematic issues (ligature, line-end hyphens, British/American 
spellings, and word sequences without spaces), select words that meet their cri-
teria (range > 3 and frequency > 50), remove general-purpose words and one to 
two letter strings. The authors made MATLAB scripts available, which will be an 
asset for interested researchers.

The authors reported that it took only 80 seconds to create text files from the 
330 PDF documents by utilizing PDFelements and MATLAB. It is a remarkable 
speed. From this corpus, the authors obtained a list of 1,364 tokens that meet 
their criteria by utilizing AntConc and MATLAB. This list was submitted to a 
manual check by a science professor and was reduced to 1,220 tokens, which is the 
product of the work-in-progress study reported in this paper. The authors intend 
to compile a more balanced corpus by including more sub-disciplines of science 
and engineering fields.

This paper is a methodological paper that contributes to creating a disci-
pline-specific corpus and a word list. Corpus linguists will fully understand the 
challenges described in the paper and appreciate the demonstrated way to use 
multiple data-processing tools, especially MATLAB, combined with manual 
processing. I support the inclusion of a technical specialist (a postgraduate engi-
neering student in this case) in the project because this interdisciplinary collabo-
ration, as well as using the data processing software, creates more time for applied 
linguists to engage in various issues that necessitate their attention and manual 
work. The methodology shared in this paper is applicable to the creation of cor-
pora and word lists for various purposes.

My commentary includes several questions. The first is the question of how 
specific is d iscipline-specific, which relates to the question for whom the word 
list is useful. Uehara et al. (2022) cited a professor who stated “lists related to one 
specific research lab would be most beneficial for the students in their laboratory” 
(emphasis added). If we take the face value of this quote, the word list should be 
made for each research lab in a department. Is it practical from the cost-benefit 
balance (the more narrowly focused, the smaller number of users)? Similarly, we 
face ambiguity in the division within a discipline. To illustrate, a quick search on 
the Internet finds different sub-divisions in engineering (electrical/mechanical/
chemical/civil or civil/mechanical/production/chemical/biomedical/aerospace). 
Which discipline, sub-discipline, or combination of them should be the target? 
Lastly, the characteristics of users are pertinent to this issue. If we compare the 
word list of this study with that of Ward (2009), both are engineering-specific, 
they are very different. The word list of this study (for graduate students) con-
tains far more technical words that are infrequent in everyday life (e.g., sperm, 
oocytes, oscillations) than the one made by Ward (2009) who targeted under-
graduate low-proficiency s tudents ( e.g., system, shown, equation). T hese w ord 
lists seem to represent two types of technical words: those that are accessible 
through general knowledge (e.g., arm, lungs, penicillin) and those that need spe-
cialized knowledge (e.g., costal, xiphoid, hemoglobin) (examples are from Nation, 
2016, p. 145). This contrast suggests that the utility of a word list changes even 
in one discipline. Unlike general-purpose word lists, the definition of specificity 
would need to be made explicit to users so that they can make informed deci-
sions on how to use the word lists.
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Second, I wondered whether the 1,220 tokens are all equally important in 
the case of discipline-specific words. For general-purpose vocabulary, words to 
be prioritized for learning can be determined in relation to the text coverage (e.g., 
words that make the coverage closer to 98% should be given emphasis; the higher 
the frequency, the more contribution to the coverage). Does the same logic apply 
to the discipline-specific words or are they special types of words that need to be 
learned irrespective of relative frequency for discipline-specific understanding?

The third question is the definition of a word. Studies in Second Language 
Acquisition (2021, Vol. 43, Issue 5) featured critical commentaries on the lexi-
cal unit (e.g., word type, lemma, flemma, or word family). Although support-
ers of flemma are increasing, there are different views and opinions among L2 
vocabulary researchers. Overall, the choice of units depends on the purpose 
of analysis, learner proficiency, and technical efficiency. The use of flemma for 
Japanese university students may be backed up by McLean’s (2018) rigorous 
study. However, whether flemma is a good unit for L2 learners with different 
backgrounds is a question for future exploration. I wonder if it is feasible to 
apply different units and compare the resulting word lists and text coverage.

Finally, and in the long run, we should investigate how we can use the word 
list in vocabulary teaching and learning. Is the word list useful for self-study by 
graduate students, for professors to teach discipline-specific words and concepts, 
or for EFL instructors to teach technical words as a scheme of English for specific 
purposes (ESP)? Making a word list is the first step and future studies should 
explore how best to use it in pedagogy.

2.3 Rasch-Based Instrument Validations for an Augmented Reality 
Vocabulary Acquisition Experiment (Adam Dabrowski)

The overarching goal of Dabrowski’s (2022) study is to test the effect of aug-
mented reality (AR) technology on vocabulary learning. Toward this goal, his 
paper in this volume presents the validation result of three vocabulary tests to be 
used in his future main study (I call this paper a pilot study). Though this is my 
first time seeing the term AR, I can endorse the importance of researching educa-
tional technology in the modern world where we are facing the rapid advancement 
and availability of information technology and students’ increasing familiarity 
with such technologies and digital devices. AR is theorized to enhance vocabu-
lary acquisition by adding visuospatial information (visuospatial bootstrapping 
or VSB) in the process of learning form-meaning mapping of new vocabulary.

 Dabrowski’s main study compares the effectiveness of three vocabulary 
learning conditions. For this purpose, he developed a set of three vocabulary 
tests and obtained validity evidence in this pilot study. The participants were 39 
adults (university faculty, undergraduate students, and language instructors) who 
were competent in English or Japanese; their first languages (L1s) are English, 
Japanese, Chinese, Dutch, and Portuguese. The three learning conditions are all 
paired-associate learning. Pseudowords are used as new vocabulary to be learned, 
which is one of the best methods to eliminate many potential contaminations (e.g., 
participants’ prior knowledge of target words). The pseudowords are all concrete 
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nouns, which would make the implementation of AR possible or easier compared 
to abstract nouns. Thirty pseudowords are created and divided into three sets of 
thematic categories (Desk, Kitchen, and Music) with 10 pseudowords in each. The 
unit of learning and testing was one set (i.e., participants learned and were tested 
in one thematic category).

One learning condition was a traditional paper-based word card (WC) where 
three words are laid horizontally in the following manner: pseudoword/Japanese 
word/English word. The other two conditions are tablet-based AR-VSBs: AR1 
(context-independent) and AR2 (context-dependent). In AR1, participants saw a 
group of objects spread on a desk with corresponding labels (identical to the WC 
condition) imposed on each object. AR2 differs from AR1 only in that the objects 
were displayed in a context (Appendix B in Dabrowski, this volume). The sequence 
of the study is as follows: pre-test, pseudoword learning (10 minutes), immedi-
ate post-test, and 1-week-delayed post-test. This paper analyzed the scores of the 
delayed post-test.

Three tests were identical in format but differ in items. The test had two 
sections: a Yes/No (YN) section and a meaning-recall (MR) section (Appendix 
C in Dabrowski, this volume). The instruction of the YN section was “Have you 
learned any of the words below? Please choose ‘yes’ or ‘no’ for each word.” Fifteen 
(15) pseudowords were listed: 10 learned pseudowords, for which “yes” is the cor-
rect answer and 5 additional ones, for which “no” is the correct answer. This sec-
tion seems to measure the memory of seeing the orthographic form of the word, 
i.e., form recognition. The MR section asked the learner to type the meaning of 
each word. Participants were allowed to use some explanatory expressions if they 
did not remember the exact word that corresponds to the target word (e.g., both 
“dog” and “animal that barks” were accepted). This is a productive test testing the 
meaning recall of the 10 items in the learning section. The tests were administered 
with Google Forms on the Internet. Test items were analyzed by running separate 
Rasch analyses for each test. Results showed the overall quality of the items as 
being good according to the author. Therefore, with minor changes to some items, 
the tests are ready for the main study.

In this commentary, I focus on the design feature of this pilot study starting 
with five questions. The first question is about the choice of participants. It is jus-
tified if this is the type of people in the main study. However, from the items used 
in this pilot study, the target is more likely to be lower proficiency learners such 
as undergraduates or secondary school students. I am also puzzled by the varia-
tion of participants’ L1. Although pseudowords make the target items unknown 
just like novel L2 words, using two languages (English and Japanese) as meaning 
labels may create different learning conditions for different participants even if 
differential item functioning (DIF) analysis did not find effects of L1. Again, the 
L1 background is justified if it represents the background of participants in the 
main study. Test quality can change according to test takers. I would appreciate 
clarification on the choice of participants in the pilot study.

The second question relates to the test format. The author seems to assume 
that both test formats test form-meaning mapping. However, the YN test seems 
to be testing the memory of seeing the target form. I wonder if the choice of these 
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test formats is only to validate tests, that is, we can easily expect that the YN test is 
easier than the MR test, and the result supported it (i.e., part of validity evidence). 
I would appreciate some explanation on this point.

Third, the difference between AR1 and AR2 is not clear to me except for Set 
2 (Kitchen). We can see some objects more clearly in Sets 1 and 3 (e.g., a laptop and 
a guitar) in AR2 than in AR1, but is this the context? There is no explanation of 
the context. I hope the author provides a definition and operationalisation of con-
text. The fourth question is pertinent to the items. Target items (pseudowords) are 
constructed carefully, but I wonder about L1 words. Since a new form is linked to 
a known meaning through L1, some control of L1 words would be necessary (e.g., 
frequency, concreteness, familiarity, and typicality in each thematic category). 
For example, I am familiar with all Kitchen items, but “pick” in the Music cate-
gory was not in my Japanese vocabulary (till I saw the picture), since I do not play 
the guitar. I also wondered why canned coffee is in the Music category. Lastly, I 
wonder whether the use of AR is equally effective for all learners. The main study 
could include learner features such as skills to use information technology or pref-
erence for paper-based versus tablet-based learning.

Some suggestions for future exploration are discussed. The first idea relates 
to the semantic category effect (Finkbeiner & Nicol, 2003; Tinkham, 1993; Waring, 
1997): learning words in semantically related sets interferes with learning (the rea-
son is arguably that presenting words in semantically related sets creates compe-
tition between words of related concepts). If this effect applies to AR vocabulary 
learning, the three thematic sets in this study may cause semantic interference. 
Although this is not problematic for the main study (because all conditions should 
be equally affected), it would be interesting to examine, in a future study, whether 
the semantic category effect is observed in the AR learning condition. If so, a 
slight adjustment of word sets may facilitate learning more. If AR overcomes the 
semantic category effect, it would increase pedagogical implications. Another 
interesting issue is whether the traditional WC condition facilitates learning to the 
same extent as the AR condition if visuospatial information (pictures) is added to 
the WC. We can add pictures to the paper-based WC as well. If the AR condition 
is still superior to the traditional WC-with-picture condition, the usefulness of AR 
would be strengthened. At the same time, more explanation would be needed for 
the AR effect than simply addressing VSB.

2.4 Orthographic Processing of Proper Names: A Proposal to 
Investigate the Orthographic Cue for Second Language Readers 
(Kimberly Klassen)

It has been assumed that proper nouns/names (PN) are unproblematic 
for L2-English learners because they are easily understood as such because of 
the orthographic convention and contextual support. This assumption has long 
affected the way in which the required vocabulary size for fluent reading compre-
hension is estimated from the text coverage analysis. However, researchers have 
started questioning this assumption and called for empirical investigations to test 
it (e.g., Brown, 2010; Nation & Kobeleva, 2016). This new research agenda can 
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significantly impact vocabulary instruction. To illustrate, the text coverage of PN 
in the British National Corpus is 2.57%; the required vocabulary size to reach the 
desired 98.0% coverage for independent comprehension is 4,000 to 5,000 words 
(97.94 to 98.98% coverage) if the assumption is correct; but it is 8,000 to 9,000 
words (97.86 to 98.23% coverage) if all PNs are unknown (Nation, 2013, p. 21, 
Table 1.3). The estimation difference is not negligible.

Several studies are relevant to testing the assumption. Studies on the effects 
of cultural knowledge on reading comprehension offer some insights because 
changing PNs from L2 to L1 (e.g., Seattle to Osaka for L1-Japanese students) is a 
dominant method to manipulate the cultural familiarity of texts (Erten & Razi, 
2009; Klassen, 2020; Sasaki, 2000). The results were mixed; some found effects of 
cultural knowledge (i.e., L1 PNs facilitated comprehension) (Erten & Razi, 2009; 
Sasaki, 2000), but others did not (Klassen, 2020). Klassen (2020) argued that the 
result may be caused by the lower vocabulary size of her participants, whereby 
foundational vocabulary size is necessary for the effect of cultural knowledge to 
appear. More directly relevant to the PN assumption is Klassen (2021), who exam-
ined the effect of context (whether learners can identify PN as such in a sentential 
context). The result showed a low success rate (28.4%). These past studies sug-
gest that unfamiliar PNs may inhibit comprehension or the context may not be 
as helpful as assumed. Klassen’s (2022) paper in this volume is along the line of 
this research agenda. She focuses on orthographic processing and proposes her 
research design to test the effect of the initial capital letter (ICL) on the identifica-
tion of PN as names.

Klassen (2022) modeled her study after Peressotti et al. (2003), an L1-Italian 
word recognition study. Although the theoretical interest differs from Klassen’s, it 
showed a faster recognition speed of PN written with ICL compared to the other 
three conditions: PN written with all small letters (ASL), common nouns (CN) 
with ICL, and CN with ASL. Based on this finding, Klassen asked to what extent 
the ICL facilitates the visual recognition of English PN by L1-Japanese university 
students. She hypothesized no facilitation effect of ICL because (1) learners do 
not benefit from L1 processing strategies because of the distinct writing systems 
between Japanese and English and (2) learners have less processing experience 
in English compared with L1 readers. Let us see how Klassen plans to test this 
hypothesis.

The participants are university students at the CEFR-B1 level. The items 
are 80 English PNs and 80 CNs that are matched for length and frequency (PC 
frequencies are obtained from a corpus of junior and senior high school English 
textbooks made in Japan and CN frequencies are from a list of the first 3,000 
words in the COCA). To control for semantic category effects, item categories are 
restricted to People and Places. Items are presented in two conditions: with ICL 
or ASL (e.g., Michael/michael). The experimental task is a name decision task: the 
participant sees a stimulus and responds dichotomously (Yes or No) to a question 
Is this a name? Though there is no specification in the paper, this will be an online 
task, because both reaction times and accuracies are to be recorded for each item. 
Only PN data are analyzed with linear mixed effects modeling (LME) to test the 
effect of ICL.



110 Yamashita: A Commentary on Four Papers

Vocabulary Learning and Instruction, 11(2), 101–113.

This research proposal is certainly a welcome addition to the research 
topic of testing the long-held assumption about PN. To my knowledge, Klassen 
(2021) is the first published study that directly tested the assumption by exam-
ining the context effect. This study focuses on the form (the effect of ICL on the 
identification of PN). The design is simple (comparing two conditions), and the 
proposed task seems a fine choice for the narrowly focused research question. 
I just wondered whether the intention of the researcher is immediately clear to 
all participants. We expect a Yes response to PN and No to CN. However, some 
participants might choose Yes for CN (e.g., Table/table), thinking that “Yes, it is 
a name of a kind of furniture” (instead of, for instance, “No, it is a label of a kind 
of furniture”). A training session, which is already in the plan, would solve this 
problem. I would like to recommend including feedback on each training item, 
if it were not planned, to ensure students’ understanding of the task in the way 
that the researcher intended.

Although Klassen’s (2022) reasoning behind her hypothesis sounds rea-
sonable, there may be some other possibilities, which may be useful in the 
event that the hypothesis is not supported. First, regarding the L1 influence, 
L1-logographic readers of L2-English tend to rely on orthographic processing 
more than phonological processing (Koda, 2005), which is regarded as a logo-
graphic reading process transferred from L1. If so, Japanese students might be 
sensitive to the visual, orthographic form of a word. Second, regarding the lim-
ited L2 processing experience, we do not know the proficiency level at which 
students start using the ICL information in the recognition of PN. It may or may 
not be the CEFR-B1 level. Relevantly, Klassen correctly mentioned that there is 
a general shift from phonological processing to orthographic processing in the 
development of English reading, which seems the reason to fix the proficiency 
level in this proposal (so that students are at the same/similar developmental 
stage). However, to reiterate, we do not know the level of proficiency where the 
shift happens in L2 readers. Even if the shift has happened, it is a matter of 
degree; competent readers use both orthography and phonology according to 
the task or purpose of reading. It may be more fruitful to include L2 proficiency 
as a variable and analyze its effect in the LME. To do that, including a range of 
proficiency levels may be desirable.

The proposal represents a compact and interesting study. There are sev-
eral ways to expand it for future studies. First, native-speaker baseline data 
would make a study more rigorous. Second, including more factors in the LME 
would be useful such as L2 proficiency, as mentioned above, and characteris-
tics of words (e.g., familiarity, frequency, and length) even if some of these fea-
tures are controlled. Although direct comparison with PN is not recommended 
due to the response type difference, analyzing CN data is interesting. Will this 
study find no cross-condition difference in CN like Peressotti et al. (2013)? In 
addition to expansions based on this proposal, future studies on the topic of 
PN processing should expand both dependent and independent variables. As 
for the independent variable, some other factors may affect PN processing. An 
example is phonological processing. Students often have pronunciation prob-
lems for long and unfamiliar (often non-English) names, which appear even in 
lower levels of graded readers (e.g., Abanazar, Badr-al-Budur from Grade 1 in 
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the Oxford Bookworms series). Phonological difficulties impede reading fluency 
and memory integration, which may negatively affect comprehension. On the 
dependent variable side, different aspects of reading that may be affected by PN 
can be explored, such as word recognition, text reading fluency, and text com-
prehension. In addition, future studies can shift from a single-factor study to a 
multi-factor study by examining multiple variables simultaneously and observ-
ing interactions among them.

The assumption that PNs are unproblematic in comprehension is certainly 
too simplistic. Counter-evidence will appear in the near future with the growing 
awareness of the need to examine this issue. However, refuting the assumption 
does not mean questioning computing the text coverage of PN. Corpus analy-
sis reveals the fact about the language. What should be modified is our way of 
interpreting the figures. Furthermore, even if the assumption that PN is not prob-
lematic is refuted, we should not go to the opposite extreme (PNs are always prob-
lematic). Many factors affect PN processing. Future studies should adopt more 
fine-tuned research designs to understand which PN is problematic in what con-
text and for whom.

3 Conclusion
After reading the four papers in the Vocabulary Learning strand this year, 

I strongly felt the impact of information technology on L2 vocabulary research 
and instruction. All of the papers demonstrate the researchers’ competence in 
implementing ever-advancing technologies in their research and education: an 
online app embedded in the curriculum (Mueller & Hays, 2022), multiple techni-
cal tools for corpus analysis (Uehara et al., 2022), application of AR and statisti-
cal analysis (Dabrowski, 2022), and measuring reaction times (Klassen, 2022). I 
was also impressed by the enthusiasm of researchers who share their ideas at the 
early stages of their studies. Three papers represent a research proposal, a pilot 
study, and a work-in-progress. Mueller and Hays’s paper is based on the long-
term running of their curriculum. However, considering their continued use of 
WordEngine in the future, this paper is considered a good start for testing and 
confirming the app’s effect and finding to-be-solved questions. When the ideas 
shared in these papers fully bloom, they will make contributions to L2 vocabulary 
research with significant implications for vocabulary learning.
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