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Abstract
This article reports the development of two novel research tools for Turkish, the 
Turkish Author Recognition Task (TART) and the Turkish Vocabulary Size Test 
(TurVoST). Such tools have been readily available for English, Spanish, Korean, 
Dutch and Chinese but not for Turkish. These tools help researchers to identify the 
print exposure levels of L1 speakers and an approximation of L1 speakers’ recep-
tive vocabulary knowledge, respectively. Measuring print exposure is important as 
it is an important driver of L1 development from a usage-based perspective (e.g., 
Dąbrowska in Cognition 178:222–235, 2018), which influences vocabulary, gram-
mar, and collocation knowledge. The findings show that the TART and TurVoST are 
significantly correlated at 0.47 and the TART accounts for almost 18% of the vari-
ance in vocabulary knowledge. Reliability (Cronbach’s alpha) scores were found to 
be 0.99 and 0.74 for two tests respectively. In light of similar previous studies of 
various ARTs and vocabulary size tests, the TART and the TurVoST are found to 
be reliable research instruments with correlations and reliability scores within the 
range of what has been reported in the literature. Potential uses of these two instru-
ments are discussed. All data, R codes, and research instruments are publicly avail-
able at https://osf.io/u6t8m/?view_only=63cf706c381a4214950984dae5470df6.
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Vocabulary knowledge and reading

Exposure to language is vital from a usage-based perspective because variances in 
exposure have substantial outcomes in how speakers’ linguistic performance devel-
ops (e.g., Divjak 2019; Goldberg 2006, 2019; Dąbrowska 2015). First language 
(L1) speakers show many individual differences (IDs) in their linguistic knowledge 
because of differences in how much print exposure they receive (e.g., Dąbrowska 
2018; Kidd et al. 2018). Such IDs are important for linguistic theories because so far, 
the received conventional wisdom has been that L1 speakers converge on the same 
linguistic knowledge uniformly (see Dąbrowska 2015)1. Recent studies show that 
this may not be the case, and that speakers of different languages show print exposure 
related IDs (see Kidd et al. 2018; Dąbrowska 2020), because language learning is a 
usage-based phenomenon.

Vocabulary knowledge may exhibit the most IDs as a result of experience with 
written language when compared to other types of linguistic knowledge. Dąbrowska 
(2018) demonstrates that across vocabulary, grammar, and collocational knowledge, 
it is vocabulary that correlates the strongest with print exposure, measured by an 
author recognition task. Reading enhances the vocabulary knowledge of speakers 
positively (e.g., Cunningham and Stanovich 1998; Burt and Fury 2000; Grant et al. 
2007; Stanovich and Cunningham 1992; Stanovich et al. 1995; West and Stanovich 
1991). This is unsurprising as written language covers more varied language when 
compared to spoken language (e.g., Cunningham and Stanovich 1992; Hayes and 
Ahrens 1988). Table 1 showcases this difference.

Hayes and Ahrens (1988) show that written language, even children’s books, are 
lexically more enriched than spoken language output of highly educated speakers, 
as measured by the number of rare words (defined as the words with a frequency of 
10,000 or more in the reference word list). Cunningham and Stanovich (1998) ana-
lyze the lexical differences between spoken and written child and adult texts. Their 
detailed summary reveals that written texts are lexically more enriched than spoken 
texts, resembling the findings of Hayes and Ahrens (1988). As a result of this, non-
basic vocabulary is thought to be acquired later in adulthood incidentally through 
exposure to written materials (see Dąbrowska 2009 for a more detailed discussion).

Exposure to written materials has an advantage in vocabulary knowledge. 
Researchers have established statistically significant correlations varying anywhere 
between 0.40 and 0.80 between vocabulary knowledge and print exposure (e.g., Cun-
ningham and Stanovich 1998; Dąbrowska 2018; De la Garza, in preparation; Sta-
novich and Cunningham 1992; see also Table 5 in this paper). Correlations remain 
significant and at the same value even after controlling for other variables such as 
reading comprehension and nonverbal IQ skills in the above-mentioned studies. This 
suggests that higher abilities such as word-meaning inferencing are not responsible 
for above average vocabulary knowledge, rather, there is a direct correlation between 
reading and vocabulary knowledge of a speaker.

1  Generative approaches (especially the minimalist program) accounts for high variability across speakers 
in vocabulary knowledge by locating lexis in the periphery and arguing that it is subject to factors beyond 
the universal grammar (e.g., Chomsky 1965; Eisenbeiß 2009).
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Multiple studies provide comprehensive insights into the correlation between 
reading habits and vocabulary acquisition. Dąbrowska (2018) conducted research 
to explore the impact of literacy on linguistic proficiency in adult native English 
speakers. Her findings revealed a statistically significant relationship between expo-
sure to printed material and vocabulary knowledge. Notably, Dąbrowska identified 
print exposure as the primary determinant of vocabulary knowledge, accounting 
for approximately 25.8% of the variability observed. Moreover, she highlighted the 
combined influence of education and print exposure as another significant predictor. 
According to Dąbrowska, individuals with limited schooling and minimal exposure 
to printed material face the greatest challenges in vocabulary knowledge. Conversely, 
those with extensive education and substantial print exposure exhibited the highest 
levels of vocabulary knowledge.

As we can see in this brief overview, vocabulary knowledge and reading appear 
to be in a relationship. While there are author recognition tasks designed for English 
(Acheson et al. 2008), Spanish (De la Garza, in preparation), Chinese (Chen and 
Fang 2015), Korean (Lee et al. 2019), and Dutch (Brysbaert et al. 2020), such a task 
for Turkish has not yet been developed. Similarly, although vocabulary size tests 
were developed for various other languages, Turkish does not yet have a vocabulary 
size test. Therefore, to bridge the research gap, this paper reports the development of 
the Turkish Author Recognition Task (TART), and the Turkish Vocabulary Size Test 
(TurVoST).

Author recognition tasks

Author recognition tasks (ARTs) are widely used as a proxy measure for measur-
ing how much a speaker has cumulatively read in their life. It is more valid than a 
questionnaire collecting information on print exposure, because people tend to give 
socially desirable answers on print exposure questionnaires (e.g., Acheson et al. 
2008). Usually, ARTs present a list of real and fake author names to the participants, 
asking participants to mark the familiar names.

ARTs are known to correlate well with reading comprehension, spelling skills, 
and up to a certain extent with nonverbal IQ (Dąbrowska 2018; Mar and Rain 2015; 
Payne et al. 2012; Stanovich and West 1989). They also correlate well with different 

Proportion of 
text from 5000 
basic lexicon

Rank of 
median 
Word

Number of 
rare words 
per 1000 
tokens

College graduates in 
conversation with friends 
and spouses

0.94 496 17.3

Popular prime time tv 0.94 490 22.7
Children’s books 0.92 627 30.9
Adult books 0.88 1058 52.7
Newspapers 0.84 1690 68.3
Scientific articles 0.70 4389 128.0

Table 1 Richness of vocabulary 
across selected written and spo-
ken modalities (adapted from 
Hayes and Ahrens 1988)
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interfaces of linguistic knowledge, such as grammar and collocations, as mentioned 
earlier. This is quite important from a usage-based perspective because ARTs prove 
to be a reliable predictor of print exposure, a phenomenon known to affect linguis-
tic knowledge as written language provides more enriched language to the speaker. 
ARTs provide a fast and reliable way of providing information for speakers’ print 
exposure.

Various ARTs have been developed for other languages. Acheson and colleagues’ 
(2008) version of the English ART has been the most frequently used ART for stud-
ies analyzing English speakers. It consists of 65 real and 65 foil names. Several 
studies using the ART show that it can predict vocabulary knowledge. Dąbrowska 
(2018) found a strong correlation between the English ART and a modified version 
of the English Vocabulary Size Test (VST) (r = 0.60). Similarly, James and colleagues 
(2018) found a correlation of 0.45 between the scores on the English ART and the 
English VST.

Brysbaert and colleagues (2020) developed the Dutch ART to be used in the Neth-
erlands and Belgium. They first sampled 15,000 fiction authors from the library of 
Ghent, combined it with 7500 foil names and piloted this with a total of 25,000 Dutch 
speakers across the two countries. Each participant received 70 random real author 
names and 30 random foil names. In the end, they picked the top 90 real and 42 foil 
author names that were known to at least half of the participants or more. Their test 
had a split-reliability score of 0.90 and the test correlated at 0.42 with the Dutch 
VST. Similar to how Brysbaert and colleagues operationalized the Dutch ART, Lee 
et al. (2019) developed the Korean ART, consisting of 40 popular and 40 foil names. 
Their study showed higher correlations between the ART and vocabulary knowledge, 
reading comprehension, and the accuracy in a lexical decision task than self-reported 
reading (r = 0.35, r = 0.31; r = 0.39, correlations between the variables and the Korean 
ART, respectively).

De la Garza (in preparation) developed the Spanish ART, with 81 real and 41 foil 
names. She first sampled 200 popular Spanish author names from websites, maga-
zines, and national libraries in Mexico. Then, she piloted the 200 names with 150 
Spanish speakers in Mexico and took the top 81 real names. The Spanish ART cor-
related with a Spanish vocabulary test significantly (r = 0.37) and with a nonce-verb 
inflection task (r = 0.19). Her study also calculated delta prime scores to counterbal-
ance the binary nature of the ART. The Spanish ART correlated more strongly with 
delta-prime scores (vocabulary r = 0.44; nonce-word inflection r = 0.25).

Currently, there exists no author recognition tests for Turkish. This creates a 
dilemma for usage-based linguists working with L1 Turkish speakers: there is no 
unified and economic way of measuring the effects of reading in Turkish on L1 Turk-
ish native speakers and their linguistic knowledge (as ARTs are employed as such in 
other studies, see Dąbrowska 2015, 2018).

In addition to this, the Turkish Author Recognition Test (TART) can be useful 
in several other ways. For instance, in applied linguistics, the TART can serve as a 
valuable tool for evaluating collective exposure to written language and tracking lan-
guage development over time for native Turkish speakers, and if normed, it can also 
serve a purpose to track L2 speakers’ exposure to written Turkish, too. Moreover, in 
education, the TART can inform curriculum development by identifying areas where 
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learners may need additional support in reading comprehension if reading compre-
hension tasks are used in combination with it. Finally, a norming study of the TART 
with a larger sample of native Turkish speakers may show how much the general 
population does reading and how this differs among different educational or socio-
economic backgrounds.

Such a study would have interesting findings if compared against the results of 
other ARTs, indicating collective reading trends of nations. Having the TART can 
allow linguists to work with bilingual or heritage speakers whose other languages 
have ARTs, and this would provide a more equal ground to measure experience to 
written language in both languages—especially in the case of heritage speakers, 
whereby such speakers receive little to no literacy training or formal schooling for/
in their heritage language. The findings from such applications can prove useful in 
cross-cultural or cross-linguistic situations to track general trends across populations.

Vocabulary size tests

VSTs are a fast and economical way of testing written receptive vocabulary using a 
variety of formats. As mentioned earlier, VSTs correlate strongly with print exposure 
measures (e.g., Cunningham and Stanovich 1998), spelling (e.g., Stanovich and West 
1989), reading comprehension (West and Stanovich 1991), and also with other lin-
guistic knowledge such as collocations and grammar (e.g., Dąbrowska 2018).

Although VSTs have been a popular research instrument, especially to measure L2 
speakers’ vocabulary knowledge, there is also some criticism. Critics of frequency 
based VSTs argue that such assessments may offer limited insights into individu-
als’ true vocabulary size. These critiques (Gyllstad et al. 2021; Stewart et al. 2021; 
Stoeckel et al. 2021) highlight several key concerns. First, they suggest that VSTs 
focused solely on high-frequency words may fail to capture the full extent of indi-
viduals’ vocabulary knowledge. Second, critics argue that these tests lack sensitivity 
in detecting vocabulary knowledge, as emphasized by Stewart and colleagues (2021). 
Finally, Stoeckel et al. (2021) discuss that word frequency is not the one and only 
driving factor behind vocabulary acquisition or accuracy on these vocabulary items.

While these are rightful concerns, these do not apply to the current test at hand as 
it is developed for L1 Turkish speakers. Some counterarguments drawn from stud-
ies such as Schmitt and Schmitt (2014) suggest that frequency based VSTs still offer 
valuable insights into vocabulary acquisition and proficiency. Similarly, Stoeckel and 
colleagues (2021) also mention that the current VST tests remain useful for purposes 
despite their criticisms. These studies (e.g., Schmitt and Schmitt 2014) demonstrate 
that while frequency-based assessments may not provide a comprehensive measure 
of vocabulary knowledge, they remain useful tools for gauging general vocabulary 
knowledge and tracking language development over time, at least for L2 speakers. 
What these discussions show is that one should be careful with the vocabulary size 
estimations based on VSTs– and this rightfully applies to L1 speakers as well, espe-
cially with the criticism that not all low-frequency items from a frequency band (e.g., 
14 K) are at the same level of difficulty. Thus, while it is tempting, we suggest avoid-
ing making vocabulary size estimations using the TurVoST or other VSTs.
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Nevertheless, VSTs still remain a valid test to track general vocabulary develop-
ment, and also continue to play a valuable role in linguistic knowledge assessment 
when used in conjunction with other measures or linguistic tasks in L1 acquisition 
studies, which have important psycholinguistic implications as well as implications 
for general linguistic theory. For instance, Dąbrowska (2018) shows that L1 speakers 
with more vocabulary knowledge also have a better grasp of collocations and gram-
mar to a smaller extent, as vocabulary co-occurs with larger structures and speakers 
track these co-occurrences when constructing their L1. This provides further evi-
dence to the idea that vocabulary knowledge is tied together with other larger lin-
guistic units.

However, to this day, there exists no publicly available Turkish VSTs or mea-
sures that can be administered to adults or studies that have examined the vocabulary 
knowledge of L1 Turkish speakers. There exists one vocabulary test for Turkish chil-
dren that aims to measure both receptive and productive vocabulary (Berument and 
Güven 2013), and an adapted version of the Peabody Picture Vocabulary Test (Katz 
et al. 1974), again to be used with children. Therefore, constructing the TurVoST is 
of great importance for cross-linguistic comparisons to investigate the effects of print 
exposure on receptive vocabulary knowledge among adult L1 Turkish speakers.

The TurVoST tests receptive vocabulary in Turkish, resembling the original VST 
for English (Nation and Beglar 2007) and utilizes the multiple-choice question for-
mat. Constructing the TurVoST was conducted in line with Nation and Beglar (2007) 
(available at http://www.victoria.ac.nz/lals/paul-nation/nation.aspx), as it has been a 
popular and reliable VST used in many English linguistics studies (e.g., Beglar 2010; 
McLean et al. 2014).

The main use case of the TurVoST is in combination with other linguistic tasks 
that are administered to L1 Turkish speakers. The findings between such tasks and the 
TurVoST can be used determine the effect of vocabulary knowledge on morphologi-
cal productivity (as in Dąbrowska, 2008) or the relationship between The TurVoST 
can be used in a variety of contexts. Firstly, in L1 education in K-12, the results of 
the TurVoST can provide educators with some insight into vocabulary development. 
Secondly, when the TurVoST is used in combination with the TART, it can provide 
opportunities for cross-linguistic investigations. This would be include both Turkey 
Turkish-Cypriot Turkish speakers as well as L1 Turkish speakers and L1 English 
speakers (among other combinations). Furthermore, the vocabulary knowledge and 
its relation to reading can be examined among functional illiterates (i.e., adult speak-
ers who had very little formal education), low academic attainment (i.e., adult speak-
ers who did not receive any university education), and high academic attainment 
speakers (i.e., adult speakers who finished an undergraduate degree and may have 
pursued further degrees) across other languages where similar tests also exist. As 
such, this would show if literacy, education and socioeconomic status that is tied to 
education affect vocabulary knowledge among L1 Turkish speakers. Again, when 
normed, the TurVoST may prove useful for L2 Turkish studies to determine vocabu-
lary knowledge, although in that case additional precautions should be taken (see the 
discussion in Stoeckel et al. 2021). Finally, the TurVoST can be used among heritage 
speakers of Turkish to measure their vocabulary knowledge to use in combination 
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with other linguistic tasks. This would provide a basis to compare L1 and heritage 
Turkish speakers’ vocabulary knowledge.

Methodology

The Turkish Corpus (TSCorpus) (Sezer and Sezer 2013) is a web-based corpus with 
491,360,398 words. The TSCorpus can create a lemmatized frequency list of the 
entire corpus and this can be downloaded in.txt format. This file provides the ranking 
of the word in the whole corpus as well as the raw frequency. We downloaded this 
file and used it in creating the TurVoST. The TSCorpus uses the CQPWeb interface, 
is freely available, and has been used in other studies prior (e.g., Bilgin 2016). The 
TSCorpus uses a morphological disambiguator with perception algorithm for Turk-
ish texts for morphological analyses and lemmatization (Sak et al. 2008). The corpus 
consists of three major Turkish newspapers and a general sampling of Turkish web-
sites. Of the 491 million words, roughly 184 million are from the three newspapers 
(Radikal, Milliyet, and NTVmsbnc), and 239 million words are from the general 
sampling of Turkish websites. Sak et al. (2008) explain how these texts were cleaned 
in detail.

The TSCorpus was preferred over the Turkish National Corpus (TNC) (Aksan 
et al. 2012), another reliable corpus with 50 M words, for several reasons. First, the 
TSCorpus is publicly available and therefore users can download the corpus with 
frequency information included as.txt files or in other formats. Second, the TSCorpus 
has lemmatization and POS tagging unlike the TNC. Finally, the TNC could not pro-
vide information regarding the frequency band of a linguistic item, which would have 
been a major obstacle in sourcing the items for the TurVoST. One counter argument 
to using the TSCorpus would be that it lacks a spoken subcorpus. Despite this draw-
back, the TSCorpus is arguably a viable option because sourcing words from only a 
written corpus at higher frequency bands would ensure obtaining more low-frequency 
words. Furthermore, because most Turkish people do not read print materials but read 
online sources, sourcing vocabulary items from a web and newspaper-based corpus 
is feasible with the widespread availability of mobile devices and online newspapers.

Developing the Turkish Author Recognition Test (TART)

To construct the TART, a list of popular fiction best-seller author names in Turkey 
and in Turkish were sourced from Goodreads (Keser 2016). Fiction as a genre was 
chosen in line with the findings of Wimmer and Ferguson (2022) who demonstrated 
that fiction-ARTs have the highest explanatory power in vocabulary performance. 
That is, among ARTs with author names from different genres (fiction, non-fiction, 
book-counting), the ART with author names of fiction books proved to explain the 
highest variance in a receptive vocabulary task. In the TART, there were a total of 148 
names. Within these 148 names, there were 57 foreign author names. These names 
were placed on a Google Forms sheet and piloted with 170 participants who were 
instructed to tick all the authors whose books in Turkish as original or a translated 
work they recognized as having read. Participants in the piloting were pursuing an 
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undergraduate (BA) degree or had completed their BA degree at the time of the pilot-
ing. Other levels of education were a master’s degree (MA) and a doctorate (PhD). 
After the crowd-sourcing phase, the top 80 scoring author names, which were also 
known to 50% or more of the participants, were retrieved from the first piloting. Real 
names were combined with foil names. Foils consisted of Turkish and foreign nonex-
istent names, each equal to the ratio in the real name list, and they were proportion-
ately gender and nationality matched. Foils were cross-checked to ensure that they 
did not exist. As with previous ARTs, the maximum score was 80. However, each 
foil deducted 2 points because of the way real and foil names were counterbalanced 
(see also Acheson et al. 2008; De la Garza, in preparation). The validation study was 
conducted in line with the TurVoST to see if the TART would correlate well with the 
vocabulary size of L1 Turkish speakers. The TART proved to be highly reliable as it 
demonstrated a Cronbach’s alpha of 0.99 and a split-half reliability score (Spearman-
Brown corrected) of 0.90.

Because the TART has a binary nature, we calculated a delta prime score for each 
participant in the TART. Delta prime scores provide insight on participants’ ability to 
discriminate between two categories (i.e., real or foil authors). Following Dimitrov 
(2016), we calculated correct hits (i.e., selecting real author names), misses (i.e., not 
selecting real author names), false alarms (i.e., selecting foil author names), and cor-
rect rejections (i.e., not selecting foil author names). Then, we utilized the psycho 
package in R (Makowski 2018) to automatically calculate the delta prime (d’) score 
for each participant. A d’ prime score closer to 0 indicates that the participant cannot 
discriminate between real and foil author names. A d’ prime score closer to 3 indi-
cates that the participant is at ceiling in discriminating real and foil author names.

Developing the Turkish Vocabulary Size Test (TurVoST)

The TurVoST is a decontextualized test consisting of 60 items. Each 10 question is 
from a 1000 word level, sampled from the Turkish Corpus (Sezer and Sezer 2013), 
such that questions 1–30 test the frequency bands between 3000 and 7000. This is 
because from a usage-based perspective L1 and L2 speakers alike are expected to 
know more low-frequency items if they have been exposed to more language, for 
instance by means of print exposure. The TurVoST follows a multiple-choice ques-
tion format, and the distractors (excluding the target item) consist of the words from 
the respective frequency band. The stem consists of words from the first 500 most 
frequently occurring words. Similarly, the stem of the question is non-defining, and 
only provides information about the part of speech of the target item. Following the 
original VST, it does not have an I don’t know option, and the correct responses are 
scattered across distractors equally as much as possible. The questions increase in 
difficulty and the test takes around 10 min to complete. Scoring the test is handled 
by adding or deducting 1 point to each correct or incorrect response, respectively. 
It is aimed to be conducted in combination with an ART or batteries of print expo-
sure measures to provide reliable insights on the relationship between literacy and 
vocabulary knowledge, and other linguistic knowledge (i.e., collocations, grammar).

The carrier sentences indicated the word class to the participants. This was done 
to ensure that the participants would not experience test-fatigue as this would be used 
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in combination with other linguistic tasks. This decision also ensured that it could 
be administered quickly online or in-person, as recruiting volunteers to participate 
in online studies is difficult. (1) displays an example for an item from the TurVoST.

(1) Tuvalet: Tuvalet-ler temiz

 Toilet: Toilet-PL clean
 Toilet: toilets are clean

 a) Araç-lar-ın git-me-si-ni sağla-yan yuvarlak bir obje (item: tekerlek)
 Vehicle-PL-GEN go-NOM-POSS able-REL circle a object
 “a circular object that helps move vehicles”

b) Hayvan-lar-ın yetiştir-il-diğ-i bir alan (item: ahır)
 Animals-PL-GEN grow-PASS-REL-POSS a area
 “an area in which animals are taken care of”

c) Sür-ül-ebil-en tekerlekli bir araç (item: motosiklet)
 Drive-PASS-ABLE-REL with.tires a vehicle
 “a drivable vehicle with tires”

d) Insan dışkı-sı-nın ve idrar-ı-nın boşaltıl-dığ-ı yer (item: tuvalet)
 Human feces-ACC-GEN and urine-ACC-GEN empty-PASS-REL-POSS 
area
 “a place where feces and urine can be dumped into”

The original VST contains 140 items, but the TurVoST is an abridged version of it. 
We removed the first two frequency bands and only sourced items from the odd-
numbered frequency bands. Therefore, the TurVoST has 10 vocabulary items each 
from the 3000, 5000, 7000, 9000, 11,000, and 13,000 frequency bands, selected ran-
domly by the researcher at every 100 words, thus there would be 1 item each from 
3000, 3100, 3200, 3300 and so on until 3900. This was repeated for the above-men-
tioned frequency bands. Only content words were selected, and function words were 
skipped. Differently from the original VST, we used lemmas as the corpus engine did 
not provide a frequency list in word families. To the researcher’s knowledge, there 
are currently no Turkish corpora that can provide word families.

To sample the items from the Turkish Corpus, the entire corpus was downloaded 
as lemmatized in.txt format, thus the frequency order of the items were based on 
lemmas. Then, ten items from each frequency band as specified above were picked 
at 1:100 sampling rate (i.e., 1 word in each 100 words). The distractors were cre-
ated using words from the same frequency band. Differently from the original VST, 
the TurVoST uses lemmas as word counts for its items. The corpus engine did not 
allow for word families at the time of the study. The test was first piloted with 15 
university lecturers for feedback. There were no issues with the version and thus 
the study was cleared for a second round of piloting. Following this, 35 L1 Turkish 
speaking BA students participated in the second round. Item-discrimination scores 
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lied between 0.51 and 0.78. 54% of the items had an item-discrimination score of 
0.51–0.56, 8.64% of the items had a score between 0.56 and 0.62, another 8.64% 
lied between 0.62 and 0.68, and 2.46% of the questions had an item discrimination 
score between 0.74 and 0.78. The questions were organized in the frequency order 
that they were sourced. Cronbach’s alpha for the TurVoST was 0.74, suggesting that 
the test items have reliable construct validity. Split-half reliability (Spearman-Brown 
corrected) was calculated as follows: we took a random half of each frequency band 
and had two random halves. The split-half reliability was 0.70, which is well within 
the acceptable range (Nunnally and Bernstein 1994).

Participants

The study was conducted online on Google Forms and 81 participants (27 females, 
mean age: 35.41, standard deviation: 14.07) were recruited on a voluntary basis 
from Turkish university Facebook groups. However, there were students who were 
enrolled at a university as well as speakers who were not attending university at the 
time of the study. All speakers were native Turkish speakers and were studying in 
Ankara at the time of the study. No information on major or dialect were collected as 
these two variables would not influence the outcome.

Procedure

Participants were first informed about the study and asked for their consent. Then, 
their background information for age and highest attained degree was collected. Fol-
lowing this, participants were instructed to fill out a self-reported reading question-
naire. A similar questionnaire was used in Dąbrowska (2014) in addition to an author 
recognition task. The self-reported reading questionnaire has a total of 5 questions. 
While four questions ask for the same information, two of them are formulated to see 
how much they read in work or school contexts, and the other two ask how much they 
read on their own initiative. Participants are asked to rate how often they read emails, 
messages, newspapers, books, scientific articles, social media, comic books among 
others (see appendix). The final question asks participants to rate statements about 
reading. All answers were transformed into numerical codes, 0 through 6, with higher 
numbers indicating more frequency of reading and 0 indicating never. Scoring on the 
final question was reversed for negative answers, with 0 through −6. The maximum 
score a person could obtain on the print exposure questionnaire was 180. In the end, 
the scores were summed to create the ‘print exposure’ score. The split-half reliability 
(Spear-Browman corrected) was found to be 0.89.

Following this, participants were presented with the TART, in which all the author 
names were randomized. They were instructed to mark the names they were familiar 
with, including foreign authors whose works they may have read as translations. 
Then, questions in the TurVoST was presented in a non-randomized order.
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Data analysis

The effect of the four predictors (highest attained degree, age, author recognition 
task, self-reported questionnaire) on the scores of TurVoST was calculated and mea-
sured by using standard multiple regression modeling in R (R Core Team 2021), the 
codes used are available in appendix. Descriptives were visualized using boxplots 
prior to regressions. The “degree” variable, representing the educational attainment 
of participants, was encoded as a categorical variable to facilitate statistical analy-
sis. Initially stored as numeric values ranging from 1 to 4 denoting different levels 
of education (1 for high school, 2 for BA, 3 for MA, and 4 for PhD), the variable 
underwent a transformation to ensure appropriate labeling. This transformation was 
achieved using the factor() function in the R programming language. This ensured 
its usability in the regression model. The initial model contained all four predictors 
(age, degree, TART and print exposure as main effects) and the subsequent interac-
tions. Nonsignificant predictors were removed one after the other after running a log 
likelihood test, starting with the highest interaction term with the largest p-value, as 
suggested by Crawley (2010). If the predictor did not improve the fit of the model, 
it was removed. This process was done for all the predictors until all predictors were 
significant. All predictors except for degree were centered using the scale() func-
tion to facilitate interpretation of results. To interpret the model coefficients more 
effectively, the relative importance of each predictor was measured using the lmg 
metric, computed by the relaimpo package in R (see Grömping 2007). This metric is 
calculated by averaging the sum-of-squares obtained from all possible orderings of 
the predictors in the model, and is thought to be analogous to a squared semi-partial 
correlation. Larson-Hall (2010) argues that it quantifies the variance explained by 
each predictor in the model. Model assumptions were checked using the performance 
package in R (Lüdecke et al. 2021) Heteroscedasticity was detected in the model. We 
used the Eicker-Huber-White method to adjust the values for standard errors, t-values 
and p-values (White 1980).

Results

Relationship between reading and vocabulary size

Table 2 outlines the descriptive statistics for the data of 81 participants and Fig. 1 
visualizes age, TART, and self-reported reading scores. Figure 2 visualizes individual 
scores attained on the TurVoST. As is clear, the age of the participants varied between 
17 and 69, with a mean of 35 years of age. Because of the way in which information 
on degree was collected, it can be concluded that the majority of the participants had 
completed a BA degree, although there were also participants with a high school, 
master’s or a PhD degree (1 indicates a high school degree, 2 undergraduate “BA”, 3 
masters “MA”, and 4 doctorate “PhD”).

Results on the vocabulary size test show that on average participants answered 
55.63 out of 60 questions correctly. Self-reported reading (i.e., results from the print 
exposure questionnaire) show that the participants had a mean reading score of 76 out 
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of 180. The scores for TART show that the participants on average had read or could 
recognize 62 real authors in Turkish out of 80 real authors. TART d’ scores indicate 
that on average the participants were at chance in discriminating against real and foil 
authors. This approach, however, needs to be taken with precaution as the partici-
pants were only asked to indicate the authors whose work they had read previously. 
They were not instructed to reject (or check) foil authors, which would have been 
the case in a lexical-decision like design. Therefore, the design in which the author 
names are presented may interfere with d’ prime scores.

Table 3 outlines pairwise correlations. Pearson correlations point to a statistically 
significant (p < 0.0001) and strong correlation between the accuracy on the TurVoST 
and the TART (r = 0.47). Using d’ prime to ensure the binary nature of the TART 
would not interfere, the correlation was significant (r = 0.39, p = 0.0003), albeit lower 
than the correlation between the TART and the TurVoST. Age also correlated strongly 
with vocabulary scores at 0.50 (p = 0.0000). Education or the highest attained degree 
also correlated with vocabulary knowledge at 0.41 (p = 0.0002). Interestingly, the 
questionnaire for self-reported reading did not correlate with any variables in the 

Table 2 Descriptive statistics
TART TART d’ Prime Vocabulary Age Degree Self-reported reading

Mean 62.14 −1.02 55.63 35.42 2.18 76.04
Median 68 −1.11 56 32 2 77
Standard Deviation 16.07 1.02 3.51 14.07 0.93 19.09
Minimum 13 −3.11 43 17 1 24
Maximum 79 2.28 60 69 4 115
25th Percentile 48 −1.56 54 24 1 66
75th Percentile 75 −0.55 58 50 3 89

Fig. 1 Performance on the TurVoST (percent correct). Abbreviations authorscore number of correct an-
swers in the TART, printexp number of quantified responses in the self-reported reading questionnaire
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study. Therefore, these results provide further suggestive evidence that people pro-
vide socially desirable answers on reading exposure questionnaires (e.g., Acheson et 
al. 2008). If this had not been the case, then the questionnaire scores would have cor-
related with vocabulary and other variables. Figures 3 and 4 visualize the relationship 
between vocabulary and the TART, and age and vocabulary, respectively.

The results for the final best fitting model fit are shown in Table 4. The model 
explains a statistically significant and substantial proportion of variance (R2 = 0.49, 
F(6, 74) = 12.02, p < 0.001, adj. R2 = 0.45). The model’s intercept, corresponding to 
TART = 0, degree = High School and age = 0, is at −0.27, t(74) = −1.51, p = 0.250. 

Fig. 2 Performance in the Turkish Vocabulary Size Test (TurVoST) with individual observations

 

Table 3 Pairwise correlations between variables
TART Age Degree Self-reported 

reading
Vocabulary TART 

d’ 
Prime

TART 1.00
Age 0.19 1.00
Degree 0.08 0.37* 1.00
Self-reported 
Reading

−0.05 −0.11 0.15 1.00

Vocabulary 0.47*** 0.50*** 0.41** 0.11 1.00
TART d’ Prime 0.70**** 0.12 0.01 −0.11 0.39* 1.00
Asterisks indicate different levels of statistical significance: p < 0.0001 ‘****’; p < 0.001 ‘***’, p < 0.01 
‘**’, p < 0.05 ‘*’
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Due to heteroscedasticity, we used the Eicker-Huber method to correct the t and p 
values, as explained in the methods section. As is seen in the results in Table 4, age 
and TART account for roughly the same amount of variance at approximately 18%. 
Degree (all BA, MA and PhD) accounts for roughly another 9%, and there is a sig-
nificant interaction between reading and age, accounting for variance at 3.75%. As 
can be seen from the degrees, higher levels of education result in more vocabulary 
knowledge. As TART increases, vocabulary size tends to increase, as indicated by the 
positive coefficient for TART. However, this positive effect of TART on vocabulary 

Fig. 4 The relationship between age and vocabulary scores in the Turkish Vocabulary Size Test 
(TurVoST)

 

Fig. 3 The relationship between the Turkish Author Recognition Test (TART) and vocabulary scores in 
the Turkish Vocabulary Size Test (TurVoST)
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size decreases as age increases, as indicated by the negative coefficient for the inter-
action term between TART and age.

Figure 5 visualizes this interaction: if speakers do not have a great deal of print 
exposure and are young, that seems to be particularly detrimental for vocabulary 
knowledge (i.e., found in the lower right quadrant marked with bright yellow). Simi-
larly, if a speaker is 40 years old or above, but does not have much experience with 
written language, then age can compensate for a lack of reading exposure (i.e., the 
brown dots placed in the 40–60 range for TART). Finally, speakers regardless of age 
who read a lot seem to demonstrate close to ceiling performance on vocabulary (i.e., 
bright yellow dots found in the upper right quadrant).

Results for the TurVoST

Figure 6 visualizes mean accuracy scores in each frequency band. As is clear, with 
growing frequency (i.e., with lower frequency words), mean accuracy decreases with 
growing frequency bands. Figure 7 visualizes mean accuracy scores per frequency 
band:

Variable Estimate Standard error t value Pr(>|t|) lmg
Intercept −0.206 0.178 −1.15 0.250
TART 0.319 0.089 3.57 0.000 0.1773
degreeBA 0.160 0.243 0.659 0.511 0.0982
degreeMA 0.464 0.241 1.92 0.058
degreePhD 0.706 0.345 2.04 0.044
age 0.406 0.099 4.07 0.000 0.1807
TART*age −0.235 0.096 −2.45 0.016 0.0373
Adjusted Model R2: 0.45

Table 4 Final best fitting model 

Fig. 5 The relationship between vocabulary scores, performance on the Turkish Author Recognition 
Test (TART), and age
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 ● at 3000 speakers were 98% correct,
 ● at 5000 this was 93.30%,
 ● at 7000 this increased to 96.60%,
 ● at 9000 this dropped to 91.89%,
 ● at 11,000 this dropped further down to 89.1%,
 ● and at 13,000 it was 86.7%.

Unsurprisingly, the 13,000 frequency band demonstrates the most individual differ-
ences. On average, participants had an average accuracy of 55.63. In comparison, 
Dąbrowska’s participants (2018) accurately responded to 41.4 vocabulary items out 
of 60. This is quite lower than the current study. One potential explanation for this 
might be that Dąbrowska’s study (2018) included people from both high and low aca-

Fig. 6 Accuracy scores in the Turkish Vocabulary Size Test (TurVoST) with individual points

 

Fig. 7 Mean accuracy across frequency bands (maximum score 10 per frequency level) in the Turkish 
Vocabulary Size Test (TurVoST)
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demic backgrounds, and this heterogeneity may have resulted in such a difference. 
Whereas in the present study, the majority of the participants are of high academic 
attainment backgrounds (i.e., they have completed their BA degrees).

Discussion and implications

Although the results in this paper do not necessarily reinvent the wheel, they are 
important for Turkish linguistics as well as for usage-based approaches to language 
learning for two reasons. First, this is the first study to examine literacy-related indi-
vidual differences in vocabulary knowledge among L1 Turkish speakers with two 
novel research instruments. Second, from a theoretical perspective, our findings pro-
vide further converging evidence in favor of usage-based approaches from an under-
studied language within the framework. The findings suggest that more exposure to 
language increases vocabulary knowledge.

Our findings are consistent with previous research, demonstrating a relationship 
between reading and vocabulary knowledge as outlined earlier in the paper. This 
seeming facilitation of reading is because reading modulates the exposure to lan-
guage, giving speakers more opportunities to encounter a more enriched language 
experience (e.g., Huettig and Pickering 2019). This resonates with Dąbrowska’s 
(2009) maxim that most vocabulary learning occurs incidentally in adulthood through 
reading is reinforced with the findings of this study.

The lack of correlation between the TART and the results from the self-reported lit-
eracy questionnaire, as well as the TurVoST and the questionnaire is interesting. This 
is likely because responses to self-reported literacy questionnaires are inflated due to 
social desirability, as most of the questions in the questionnaire prompt answers to 
‘how many hours do you read X?’ (e.g., Acheson et al. 2008). As such, the responses 
given in the questionnaire may not potentially reflect the real-life reading results of 
these participants, and therefore the results from the questionnaire may not have cor-
related with the scores of the TART or the TurVoST.

In the TurVoST, accuracy rates steadily decreased from 98% in the first three-
thousand-word frequency band to 89% in the thirteen thousand frequency band. This 
finding is in line with usage-based linguistics and its assumption that lower frequency 
linguistic items are more difficult to access reliably as a result of a lack of exposure 
(e.g., Bybee 2010). Thus, it is not surprising to see that reading exposure or matura-
tion were independent predictors of determining minute variations in accuracy scores 
in the TurVoST. In terms of individual differences in vocabulary knowledge, most 
participants performed at ceiling. However, the performance of those that did not 
perform at ceiling, especially in the 11,000 and 13,000 frequency bands, were well 
predicted by print exposure and maturation.

Exposure through age is another vital aspect in addition to reading. Different 
subgenres of spoken language can contain lexicogrammatically enriched language 
(Biber 2009). As such, as a person matures, they may have more opportunities to be 
exposed to different varieties of texts and spoken modalities. Therefore, age increases 
the probability of learning more vocabulary incidentally.

A skeptic might note that most of the participants in this study performed at ceil-
ing on the vocabulary task. While this might raise concerns about how well the Tur-
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VoST measures receptive vocabulary size in Turkish, it is a valid task when used 
in combination with other linguistic measures. We propose two explanations. First, 
there was a strong and significant correlation between reading and vocabulary knowl-
edge—even under ceiling effects, suggesting that exposure can account for a large 
proportion of variances in a population that showed relatively little variation in the 
TurVoST. This is not surprising. Comparing these results against Dąbrowska (2018), 
the ART scores in her study accounted for about 25% of the variance in vocabulary 
scores, whereas in the current study it is about 17%. This difference is likely the result 
of a more diverse population from different educational backgrounds in Dąbrowska’s 
study. Such that the mean score on the vocabulary test in Dąbrowska (2018) was 41 
whereas in the current one it was 55. Therefore, more variation to be explained will 
also result in a higher percentage of variation explained. Secondly, accuracy scores 
across growing frequency bands in the TurVoST provide further converging evidence 
to the idea that language learning, in this case vocabulary, is modulated by frequency, 
and provides more experimental evidence in favor of usage-based approaches to lan-
guage learning. And as such, the variance accounted for by the TART, which is pre-
dominantly found in the upper frequency levels of the TurVoST, explains that those 
who read more are exposed to more Turkish, and as such incidentally learned more 
vocabulary items than those that read less.

The fact that approximately 18% of the variance in vocabulary knowledge of those 
that did not perform at ceiling can be captured by the TART aligns with our expecta-
tions. Moreover, this trend illuminates a fundamental aspect of lexical development: 
the notion that extensive reading, over time, can lead individuals of varying ages and 
educational backgrounds to attain comparable levels of lexical proficiency. Similarly, 
it suggests that elderly individuals who do not read as much may attain a similar per-
formance of vocabulary (either as a result of mere exposure or education).

This observation is underpinned by the pervasive nature of written-language-biased 
vocabulary items, which, although predominantly encountered in written form, per-
meate spoken language to a considerable extent. For instance, language written to be 
spoken often exhibits greater lexical richness compared to those employed in sponta-
neous speech, such as news broadcasts (Biber 2009). Our study serves as an illustra-
tion of this. Our results also show that attained degree (i.e., education) can influence 
vocabulary knowledge. This is not surprising: education provides opportunities for 
reading and enables speakers to be engaged in highly literate circles whereby lin-
guistic encounters may have more low-frequency vocabulary items. We provide 
evidence in support of usage-based approaches to language acquisition, wherein 
individuals who engage in extensive reading are exposed to a broader array of lexi-
cal items, including those categorized as “low-frequency” or predominantly encoun-
tered in written contexts. They also provide further evidence in favor of usage-based 
approaches that language learning is a journey that is dynamic, emergent, and a result 
of exposure. At the end of the day, the TART and the TurVoST measure what they 
are designed to measure efficiently: the effects of reading on vocabulary knowledge.

We compiled Tables 5 to provide a more comprehensive overview of the relation-
ship between reading and its effects on vocabulary knowledge. Table 5 compares the 
correlations between vocabulary scores and scores on various ARTs. As is seen in the 
table, previously reported correlations lie anywhere between 0.35 and 0.62, and the 
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TART and the TurVoST fit well into it with a correlation of 0.47. Similarly, when the 
correlation between the TART d’ scores and vocabulary knowledge is analyzed, there 
appears to be a significant correlation (r = 0.39, p < 0.0001). This shows that there is 
not a meaningful difference between vanilla TART scores or TART d’ scores in terms 
of predictive power. Importantly, however, this lack of difference between vanilla and 
d’ scores of ARTs seem to manifest itself in checkbox-style designs: online or pen 
& paper (e.g., Wright et al. in preparation). Similarly, the reliability scores for both 
novel research instruments rely well within the range reported for other instruments 
in the field or within the acceptable range, i.e., TurVoST. The correlations in light of 
previous research studies, combined with the reliability scores of the TART and the 
TurVoST, leads us to conclude that the TART can assess print exposure and the Tur-
VoST can measure vocabulary knowledge reliably and can be used as a research tool 
with high explanatory power for literacy-related individual differences in linguistic 
studies in Turkish.

As can be seen from our discussions and Table 5, our results are consistent with 
previous studies that established a moderate to strong correlation between vocabu-
lary knowledge and reading measured by the TART and vocabulary scores among 
highly educated populations (e.g., Burt and Fury 2000; Grant et al. 2007; Stanovich 
and Cunningham 1992; Stanovich et al. 1995; West and Stanovich 1991). Vocabu-
lary knowledge, measured by the TurVoST, also provides interesting findings. The 
participants in this study on average demonstrate having the receptive knowledge of 
roughly 55/60 words. Comparing the results of Dąbrowska (2018), it appears that on 
average an L1 English sample from the UK on average can correctly respond to 41/60 
questions in the English VST. Considering that Dąbrowska’s participants were from 
a diverse background of academic attainment, it is safe to claim that the Turkish par-
ticipants in this study outperform them. This reiterates the importance of education. 
Higher academic attainment usually implies reading more print materials, or being 
in social circles that read often, both of which lead to lexicogrammatical enrichment 
of the ambient language (cf. Dąbrowska 2018), which is reflected in the regression 
analyses. As such, speakers that are engaged in either of these circumstances appear 
to have a more diverse vocabulary knowledge. This is also reflected in our findings, 
where the highest attained degree accounts for another 10% of variance in the results 
of the TurVoST.

Limitations and further research

Currently, the two research instruments have only been tested with a small popu-
lation. This study only reported the development of the two research instruments. 
Future studies should validate these instruments, especially the TurVoST using 
established methods of analyzing validation. To validate both the reliability of each 
instrument and the correlation between the two, further studies need to be conducted 
on more diverse Turkish speaking adult populations (i.e., illiterates, low-literates). 
Because the TurVoST only has 60 items, it is quite difficult to establish vocabulary 
size, as is the case in the original VST as it has 140 items. Future work can also 
include more difficult items from higher frequency bands to increase the sensitivity 
of this task. This was because the TurVoST has been mainly designed to be used for 
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linguistic research in combination with other language tasks rather than establishing 
vocabulary size of L1 Turkish speakers.

Future research should incorporate a broader range of demographic data to bet-
ter understand these influences. We recommend gathering detailed information on 
participants’ dialect, ethnicity, nationality, and other relevant factors to explore how 
these variables may affect linguistic abilities and literacy outcomes, relevant for 
vocabulary knowledge. Dialectal differences, ethnicity, nationality, and race may 
influence vocabulary acquisition by determining access to education and reading.

Future studies should consider this in mind. In addition, the TurVoST should be 
validated with more L1 Turkish speakers to observe if ceiling effects persist, in which 
case the TurVoST can be improved upon by adding more items from further fre-
quency levels. Furthermore, both instruments were designed with Turkey Turkish in 
mind. However, the TART and the TurVoST also need to be validated with heritage 
speakers of Turkish, and other dialects of Turkish (i.e., Cypriot Turkish). Finally, 
both tools were developed with L1 research in mind. To ensure that the TART and the 
TurVoST work in L2 learners of Turkish, they need to be validated with L2 speakers 
of Turkish from various proficiency levels.

Conclusion

This study reported the development of the first Turkish Author Recognition Test 
(TART) and the Turkish Vocabulary Size Test (TurVoST). Many previous studies 
point to a positive correlation between reading, as measured by author recognition 
tasks, and vocabulary knowledge (e.g., Cunningham and Stanovich 1998; Dąbrowska 
2018). However, this had not yet been operationalized in a Turkish L1 speaking adult 
population. Our findings show acceptable reliability scores for both tests and point to 
a statistically significant correlation between the TART and the TurVoST (r = 0.47). 
The study also uncovered the effects of maturation on vocabulary knowledge. Such 
that, in a regression model, the TART accounts for almost 18% of the variation in 
the vocabulary scores, followed by age at about 17%, and highest attained degree at 
10%. The study provides the first account of the relationship between reading and 
vocabulary knowledge among adult L1 Turkish speakers and demonstrates that print 
exposure modulates vocabulary size alongside other factors such as education and 
maturation, another proxy for language exposure, to a very large extent.
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