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Abstract. This study analyzes the extent to which dictation performance
and linguistic features (linguistic difficulty of sentences during dictation)
can predict general proficiency in English as a second language (ESL)
learners. To this end, this study constructed a multiple linear and a non-linear
regression models that predict general ESL proficiency (in which
independent variables were the dictation performance scores and the
linguistic features of sentences) and verified the correlation between the
predicted and observed general ESL proficiencies. The results showed that
general ESL proficiency could be predicted by dictation performance and
linguistic features. Furthermore, the results indicated significant effects on
dictation accuracy, sentence length, and mean word length.

1 Introduction
During English as a second language (ESL) education, teachers evaluate learners’ learning
outcomes over a semester by using proficiency tests at the beginning and end of the semester.
However, using proficiency tests has its own problems: test fees are expensive, and the test
administration takes a long time, for example, the Test of English for International
Communication (TOEIC) is two hours long. The cost has been decreasing because of the
availability of computer-based tests, which replace paper-based tests. However, it is still
difficult to assign computer-based proficiency tests repeatedly in a semester, because the cost
is not easily affordable.
Computer-based proficiency tests, for example, Duolingo and Versant, measure general
ESL proficiency. Among the different test items, these tests use a dictation test. In addition,
a dictation test was used to measure the general proficiency of ESL [1, 2]. Dictation test
results correlate with general ESL proficiency because learners carry out dictation by using
their phonetic/phonological ability for recognizing a series of phonemes, and
morphological/syntactic/semantic ability for constructing words, phrases, and sentences.
Previous research [2, 3, 4, 5, 6] presumed that dictation performance is a good indicator
of general ESL proficiency, and compared learners’ dictation test scores with general ESL
proficiency scores such as the TOEIC and the Test of English as a Foreign Language
(TOEFL). The results showed a strong correlation between the dictation test scores and
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general ESL test scores. Hence, previous research has succeeded in demonstrating that
dictation performance indicates observed test scores for general ESL proficiency.
This study addresses three major questions that previous research has not resolved. First,
previous research demonstrated theoretical evidence for the dictation-based model for ESL
proficiency by using a simple correlation analysis in a close test. Here comes a question
whether the dictation-model is adequate when ESL teachers use this model in their classes.
That is, the dictation-model should also be empirically verified. Therefore, this study
examines the adequacy of the dictation-based model for ESL proficiency in an open test,
using non-linear regression analysis.
Second, previous research determined learners’ dictation performance based on the
accuracy of dictation, that is, how correctly learners wrote down what they heard. The high
dictation accuracy includes different proficiency levels. One is the “true” high proficiency
level, and the other is the pseudo-high proficiency level. Learners at the high proficiency
level complete dictation correctly and easily, and it is not a strenuous task for them.
Conversely, learners at the pseudo-high proficiency level complete dictation correctly, but
they find the dictation task difficult, and it is strenuous for them. This study evaluates the
dictation performance not only based on accuracy but also on the students’ ease for further
distinguishing the accuracy-based proficiency.
Third, previous research failed to include sentence difficulty such as the sentence/word
length in developing a dictation-based model, although sentence difficulty would affect the
measurement of ESL proficiency. This study distinguishes high proficiency from the
viewpoint of sentence difficulty. Here, learners at the high proficiency level complete
dictation correctly even for difficult sentences. However, those at the pseudo-high
proficiency level succeed in completing dictation for easy sentences, but fail to do so when
given difficult sentences. As general ESL proficiency depends on the linguistic difficulty of
sentences [7], this study evaluates it considering the linguistic features of sentences.
To fill these gaps in the literature, this study aims to analyze the extent to which dictation
performance and linguistic features can predict general ESL proficiency from the assessment
of dictation performance using two evaluation criteria (namely, ease of dictation and dictation
accuracy). More specifically, this study addresses the following research questions:
• RQ1: To what extent can general ESL proficiency be predicted by composite dictation
performance and linguistic features?
• RQ2: What are the effective predictors of general ESL proficiency?
To this end, this study constructed a multiple linear and a non-linear regression models
that predict general ESL proficiency and verified the correlation between the predicted and
observed general ESL proficiencies.

2 Methods
2.1 Participants
The participants of this study were 50 English learners. This number was determined to
mimic a large English class that includes learners at different proficiency levels. This is
because this study placed more emphasis on the practical application of model building than
on the theoretical perspective. In addition, the participants were not randomly chosen. Those
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who satisfied the following conditions participated in the experiment: their first language was
Japanese; they were students of universities in the area where this study was carried out (28
men and 22 women; mean age, 20.8 years; standard deviation (SD), 1.3). The participants
were paid a fee for participation.
2.2 Dictation data collection
Dictation data were compiled following Kotani and Yoshimi [8]. Data instances to determine
general ESL proficiency comprised sentences transcribed by a learner, two types of dictation
performance scores, five types of linguistic features extracted from reference sentences from
textual material, and the learners’ English test scores. The dictation data included 750
instances gathered from 50 learners’ attempts to complete a textual material consisting of 15
sentences.
The dictation task proceeded as follows: First, the 50 learners listened to sentences read
aloud by a voice actor (woman, 35 years old) who was a native speaker of American English,
and transcribed them sentence-by-sentence. Subsequently, the learners subjectively judged
their ease of dictation (explained in section 2.5). Three instructions were given to the learners:
1) each sentence could be read twice, if necessary; 2) each task should be completed at a
natural speed for the learner; and 3) the learners were forbidden to return and revise a
sentence after moving on to the next one, regardless of available time.
2.3 Text material
Two types of texts were selected from those distributed by the International Phonetic
Association [9] and Deterding [10]. As these texts include basic English sounds, an analysis
of the learners’ dictation of these texts would reveal what types of English sounds influenced
their listening. These texts featured two of Aesop’s Fables: The North Wind and the Sun
(Text I) and The Boy Who Cried Wolf (Text II). Texts I and II contained five and ten
sentences, respectively. It is noteworthy that Text I failed to encompass certain sounds, such
as initial and medial /z/ and syllable initial /θ/. Accordingly, Text II covered these missing
sounds.
2.4 General English proficiency
Learners’ general English proficiency (GEP) was determined using their TOEIC Listening
& Reading test scores, obtained in the current or previous year. The TOEIC Listening &
Reading test was chosen, because the test scores had strongly correlated with GEP test results,
that is, the Language Proficiency Interview developed at the Foreign Service Institute of U.S.
Department of State [11], and this test has no dictation section.
2.5 Dictation performance
The criteria for evaluating dictation performance comprised two indexes: learners’ subjective
judgment of their ease with dictation (EASE) and dictation accuracy (ACC).
EASE was scored using a five-point Likert scale for the learners’ subjective judgment (1:
easy; 2: somewhat easy; 3: average; 4: somewhat difficult; and 5: difficult). A lower EASE
indicated that the learners judged the dictation to be easier.
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ACC was calculated by dividing the Levenshtein edit distance between a given reference
and a transcribed sentences with the number of characters in a longer sentence than the other.
The Levenshtein edit distance reflects the differences between the two sentences due to the
substitution, deletion, or insertion of characters. A lower ACC denoted that the learners
completed the dictation more accurately.
2.6 Linguistic features: Linguistic difficulty of sentences
In this study, linguistic features included sentence length [12], mean word length [12], the
number of multiple-syllable words [13, 14], word difficulty [15], and speech rate [16].
The sentence length was defined as the number of words in a sentence.
Mean word length was derived by dividing the number of syllables by the number of
words in the sentence. The number of syllables in a given word was counted using the
following steps: Count the vowels in the word, subtract any silent vowels, and subtract one
vowel from every diphthong [17].
The number of multiple-syllable words in a sentence, Fang’s listening score [13], was
derived by formula (1), where N denotes the number of words in the sentence, and Si denotes
the number of syllables in the i-th word. This subtraction derivation ignored single-syllable
words.
∑𝑁
𝑖=1(𝑆𝑖 − 1)

(1)

Kiyokawa’s word difficulty was defined as the rate of words not listed in his list of basic
spoken words in relation to the total number of words in the sentence.
The speech rate was defined as the number of words read aloud by the native speaker in
one minute.
These linguistic features were simple features that would effectively measure the
difficulty/ease of the listening comprehension of a sentence. These features were
automatically derived from the sentences in the text material.
2.7 Prediction of general ESL proficiency with dictation performance and linguistic
difficulty of sentences
Prediction models were developed using a non-linear regression model and a multiple linear
regression model. The dependent variable was GEP, and the independent variables were the
dictation performance scores (EASE, ACC) and the linguistic features described in Sections
2.5 and 2.6.
To answer the RQ1, non-linear regression using support vector machines [18] was
conducted to determine the extent to which dictation performance and linguistic features
predicted general ESL proficiency. Support vector regression was carried out using the
function “svm()” as defined in the “e1071” package of the software environment R [19]. The
radial basis function was set as a type of kernel function, and the other parameter settings of
“svm()” were set at their default. See pp.49–53 of [19] for details of the default settings.
The overall effect of the dictation performance scores was evaluated in a leave-one-out
cross-validation test, taking one instance as test data and n-1 instances as training data (n =
750). A leave-one-out cross-validation test is preferable for small datasets because it creates
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the largest possible test set for a fixed training dataset [20]. Correlation analysis was carried
out between the predicted and observed GEPs.
Correlations of GEP with EASE/ACC were analyzed to investigate how well the
prediction models predict GEP. The correlation analyses used learners’ mean EASE/ACC
scores, that is, a learner’s sum score of EASE/ACC divided by the number of sentences (n =
15).
To answer the RQ2, a multiple linear regression was conducted to determine the effective
predictors of general ESL proficiency. Although higher performance has been verified with
support vector machines, multiple linear regression was employed to evaluate the effects of
the dictation performance scores and linguistic features. Before the multiple linear regression
analysis, the independent variables were examined in terms of the presence of
multicollinearity by calculating the variance inflation factor (VIF) [21].
The effects of the dictation performance scores and linguistic features were evaluated
using standardized partial regression coefficients. It was found that the effects increase with
the absolute value of the coefficients.

3 Results
3.1 Descriptive statistics
Figure 1 shows the distribution of GEP. GEP followed a normal distribution according to the
Kolmogorov-Smirnov test (K = 0.82, p = 0.25). Table 1 shows the descriptive statistics of
GEP, the dictation performance scores, and the linguistic difficulty of the sentences.
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Fig. 1. GEP distribution.
Table 1. Descriptive statistics of GEP and dictation data.
Feature type

n

Mean

SD

GEP

50

607.7

186.2

EASE

750

4.2

0.8

ACC

750

0.4

0.2

Sentence length

15

21.9

7.6

Mean word length

15

1.3

0.1

Number of multiple-syllable words

15

5.9

2.8

Word difficulty

15

0.3

0.1

Speech rate

15

178.4

17.4

3.2 Result of prediction of general ESL proficiency
Pearson’s correlation analysis showed a correlation of large effect size (r = 0.75) between the
predicted and observed GEPs in the cross-validation test. Figure 2 shows a scatter plot. The
correlation analysis showed correlations of large effect size between the observed GEPs and
EASEs (r = −0.51) and between the observed GEPs and ACCs (r = −0.84).
The effect sizes of the predicted GEPs were compared with those of the EASEs and ACCs
by comparing the absolute correlation coefficients. The difference of the absolute correlation
coefficients showed statistically significant differences between 0.75 and 0.51 (diff = 0.24, z
= -2.73, p < 0.05), and between 0.75 and 0.84 (diff = 0.09, z = 1.65, p = 0.05).
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Fig. 2. Scatter plot of the predicted and observed GEP.
Table 2. Standardized partial regression coefficients of the independent variables.
Independent variable

Standardized partial regression coefficient

EASE

0.00

ACC

−0.79*

Sentence length

0.32*

Mean word length

0.12*

Word difficulty

0.06

Speech rate

−0.03
*: p < 0.05

Multicollinearity (VIF > 10) was observed in the number of multiple-syllable words (VIF
= 12.3); hence, it was excluded from the independent variables. The multiple linear regression
yielded a significant regression equation (F (6, 743) = 125.80, p < 0.05), with an adjusted
squared correlation coefficient R2 of 0.50. Table 2 shows the standardized partial regression
coefficients. A statistically significant effect was observed for ACC, sentence length, mean
word length, and number of multiple-syllable words (p < 0.05). The degree ranged in this
order.
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4 Discussion
The result of the non-linear regression showed a correlation of large effect size between
dictation performance and GEP (Figure 2). In addition, this study confirmed a similar effect
in an open test, while previous studies examined the correlation in closed tests.
The absolute correlation coefficient of the composite evaluation criteria was significantly
higher than that of the single evaluation criterion, EASE, and lower than that of another single
evaluation criterion, ACC. The smaller effect size of EASE occurs because of a potential
problem due to subjective judgment. This is because a larger effect size was observed in the
case of ACC, which is based on objective judgment. For example, learners’ judgment of the
ease of dictation may depend on their individuality, language aptitudes, and learning
backgrounds.
While the EASE-based GEP dictation model showed the least prediction performance,
EASE demonstrated no contribution to the prediction. This lack of contribution can be
explained as follows. First, it concerns the reliability of subjective judgment on a Likert scale,
as mentioned above. Next, it concerns the natural speech rate (178.4 WPM). The natural
speech rate was faster than the speech rate that learners listened to for English texts. Thus,
the learners might have inappropriately judged the EASE. Finally, it concerns learners’
unfamiliarity with the dictation task. Most learners might have had little chance to complete
dictation, and the dictation task might have been strenuous for them. This was seen in the
inclined distribution of the mean score for EASE, 4.2, which was inclined to the difficult on
a five-point Likert scale where scale 5 was the most difficult. Contrarily, such inclination
was not observed in the mean score for the ACC, 0.4.
Among the linguistic features, a significant effect was observed for sentence length and
mean word length (Table 2). Therefore, the GEP dictation model should be developed taking
into consideration of linguistic properties. Although the failure of word difficulty and speech
rate should be explored in future studies, the results suggest the necessity of
phonetic/phonological features in predicting GEP.

5 Conclusions
This study predicted general ESL proficiency by a multiple linear regression analysis and a
non-linear regression analysis using dictation performance scores and linguistic features; it
addressed research questions regarding the overall effect of learners’ dictation performance
and linguistic features, as well as effective predictors of general ESL proficiency. Dictation
performance was assessed using two evaluation criteria: EASE and ACC. A statistically
significant effect was found for ACC, but not for EASE, word difficulty, or speech rate.
Future studies should examine the prediction accuracy while considering linguistic
difficulty and GEP levels. The linguistic features should comprise phonetic/phonological
features for listening difficulty, syntactic difficulty for sentence difficulty, and lexical
features for spelling difficulty. In addition, future studies should evaluate learners’
performance using different methods such as reading-aloud and shadowing, because the
reading-aloud is another popular method used in computer-based proficiency tests, and
shadowing is a well-recognized, popular method of learning ESL.
The authors acknowledge the reviewers and the participants in ETLTC2021 for their constructive
comments on the manuscript and the presentation. This work was supported by JSPS KAKENHI (Grant
Numbers 22300299, 15H02940, and 17K18679).
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