





o 30
m e 2 A

o HASLE S DR FAETHNIEI T A HEHHYZEED v 1
AN/ GIN
s REEWMILIEE Y 7 7R FEA DR BRI A 05
R RE AR A B BRI S E B B L L T oo 17
HH H g A
w b IRAE R
* The Psychometric Properties of the Short Fear of Negative Evaluation Scale in the Japanese
SLLA CONEEXE # v v v v v rrrres et e ettt et ettt ettt et ettt ettt ettt ttatatatetatatattnns 25

Larry J. Xethakis and Michael J. Rupp

* A Confirmatory and Exploratory Approach to the Dimensions and Sources of Foreign Language
Enjoyment Among Japanese University Enghsh Leamers ...................................................... 39
Larry J. Xethakis

 BIBEEO AR 2 S L) 2

— T LU AT DT DZBAEA T L T vrrrrr s 53

i RS 1

L NGRS
* Measurement of Background Noise on Magnetic Stimulation Coil -« «weveeremrrerreeenereeene.. 59

Tetsuya TORII, Akiyoshi SHIROTO, Yukari OGAWA, Kenta SUZUKI and Aya SATO

e — 2 —11 CMOS %ﬂiwt%“f “/“7}1/:!‘//\"1/_76:%?"%)—‘1’%% ................................. 65
PUIRH]  RIEFTHE R BRI

K/ — B

¢ Note on Joint Probability Density Function of Dependent Ordered Statistics and its Application -«-«-«+---- 73
Tsunehisa IMADA

o 0 O 72 B IRE D SEERATIFZE - oeeeeeeeeeemmmm e 77
BB WERS: ORAERE LR

o SEREIREENLE RIS AT A 7 B O BT L2 BT B IIZE  covveoveeveemeeneoneeeaee e, 31

HIGEAHE 28RS RS L2






RHE RS G AAACE % 2% (20244F) 1H~15H
Journal of the School of Humanities and Science, Tokai University, Vol.2. (2024) pp.1-15

HAILPESE O REL PRI RIS 2 B HIE %
IINEATEA

Critical Consideration for the Democratic Centralism
of the Japanese Communist Party
by
Toshihiro KOMATSU

(Received: October 2, 2023, Accepted: January 21, 2024)

Abstract

The Japanese Communist Party expelled two senior party members in early 2023, not because they expressed
dissent, but because they attacked the Communist Party from the outside. More than 30 years after the fall of the Berlin
Wall, the Japanese Communist Party still adheres to the organizational principle of democratic centralism. It must be
said that the understanding of Western democracy is poor. More than 40 years ago, there was a dispute between Mr.
Tetsuzo Fuwa, the Japanese Communist Party cadres and Mr. Fukuji Taguchi, who introduced Eurocommunism and
Neo-Marxism to Japan, and Mr. Taguchi was severely criticized by Mr. Fuwa. Through this dispute, the criticism of
two senior party members for the democratic centralism and the view on security of the Communist Party, I want to
explore the Communist Party image that there should be, the socialism image that there should be.

Key Words : Japanese Communist Party, Democratic centralism, Party leader election, National security
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Research on the motivation to learn of students belonging to the Reinforcement Sports Club
—For students of Tokai University, Kumamoto Campus, Department of Business Administration—

by
Yasuhisa TANAKA

(Received: October 31, 2023, Accepted: January 23, 2024)

Abstract

This study was conducted to investigate "Reasons for Entering College" and "Willingness to Learn" in the
Department of Business Administration, Tokai University, in order to clarify the "state of low motivation to learn"
shown by the students of the Reinforced Sports Club, based on the following three hypotheses. As a result, the
following findings were obtained.

1. Although there is a difference in the motivation to learn between the general students and the students in the
clubs, it cannot be said that all the motivation to learn is lower in the club students than in the general students.

2. Although the students in the clubs tend to follow the rules, they have different reasons and purposes for attending
university than the general students, so their interest in the classes and their willingness to learn and study by
themselves are lower than the general students.

3. As seen in the previous study, there is a difference in the willingness to study depending on the grade, with
sophomores being less willing to study than freshmen.

Key Words : Student apathy, Eagerness to learn, Reason for attending university
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The Psychometric Properties of the Short Fear of Negative Evaluation Scale in
the Japanese SLA Context

by

Larry J. Xethakis™ and Michael J. Rupp *
(Received: September 14, 2023, Accepted: December 12, 2023)

Abstract

This measurement study examined the construct validity of the Short Fear of Negative Evaluation Scale (Sasagawa
et al., 2004), as well as variants of the scale proposed by Nihei et al. (2018), in a sample of Japanese university-level
English learners (N = 411) from three universities in Western Japan. Confirmatory factor analysis of a unidimensional
model of the Short Fear of Negative Evaluation Scale revealed poor fit between the model and the scores in the dataset.
A two-factor model, with the four reverse-scored items specified to load on a separate factor displayed an adequate
degree of fit, suggesting that the scale, as proposed by Sasagawa et al., is not unidimensional. A one-factor model of the
eight straightforward items, proposed by Nihei et al. was also tested, and the model showed an inadequate degree of fit.
Examination of areas of ill-fit in this model indicated the possibility of content overlap between two closely worded items
(Items 2 and 5). Diagnostic models lacking these two items showed an excellent degree of fit, suggesting a scale without
one of the items could serve as a potentially valid measure of fear of negative evaluation in the target population.

Key Words : Social anxiety, Fear of negative evaluation, English education, Group-work, Validity

1. Introduction

Group work and group-based learning approaches have become
an integral part of language teaching. Communicative language
teaching and task-based language teaching are two of the more
commonly employed teaching methodologies in which
interaction between learners form a significant part of instruction
(Leeming, 2011). While group work can provide many benefits
for learners, such as greater opportunities for communication
and learning from peers (Johnson, et al., 1998), working in
groups can also present challenges for those learners who
experience unease when interacting with others (Cantwell &
Andrews, 2002). Group-based learning approaches, which often
employ novel activities and which force learners to work with
new people and express themselves in the L2, can be much more
anxiety inducing than the more traditional, teacher-centered
classroom many learners are accustomed to. In particular, the
ambiguity and uncertainty associated with these situations can
be difficult for learners to deal with and thus provoke feelings of
social anxiety in learners (Zhou, 2016). While research into the
impact of social anxiety on language learning has begun, King
and Smith (2017) note that there is a need for more research in
this area. For such research to proceed, there is a need for
research into the reliability and validity of instruments to
measure social anxiety when employed in the language learning

*Associate Professor, Department of Community and Social Studies. Tokai
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context (Xethakis, 2020). This study represents an attempt to
address this need by examining the reliability and validity of the
Japanese version of the Short Fear of Negative Evaluation scale
(SFNE; Sasagawa et al., 2004).

2. Literature Review

The psychological construct of fear of negative evaluation can
be characterized as circumscribing a “broad social evaluative
anxiety,” (Collins, Westra, Dozois & Stewart, 2005). More
specifically, it is involved with a feeling of unease, or in the
extreme, a sense of overwhelming apprehension, at being
evaluated in an unfavorable or critical manner in social situations
(Weeks et al., 2005). A significant feature of social anxiety is an
individual’s sense of apprehension with respect to their own
ability to manage how they are perceived and evaluated by
others, and thus fear of negative evaluation and the broader
construct of social anxiety are commonly regarded as closely
related constructs (Schlenker & Leary, 1982). For this reason,
fear of negative evaluation can be considered as one of the
“central cognitive aspects of social anxiety,” (Leary, 1991, p.
166).

The Fear of Negative Evaluation scale (FNE; Watson &
Friend, 1969) is a widely-employed instrument in assessing
social evaluative anxiety (Rodebaugh etal., 2004). This measure
is postulated to assess individual differences in the degree to
which respondents are concerned about how they are perceived
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and evaluated by others (Leary, 1991). The measure was
originally developed by Watson & Friend (1969) and comprises
30 items, scored using a dichotomous, true-false scale. The items
are concerned with various facets of unfavorable evaluation in
social situations, for example, | am afraid that others will not
approve of me (Item 13), or | often worry that | will say or do the
wrong things (Item 25). Seventeen of the 30 items comprising
the instrument are straightforward items, which describe
cognitions of worry or unease, while the remaining 13 are
reverse-scored, with Watson & Friend (1969) hypothesizing
these to express the opposite of fear of negative evaluation, that
is a lack of unease or discomfort at being evaluated by others.

The instrument was initially developed in a sample of 205
university students, and displayed a high degree of internal
consistency—uwith values of .94 (using the Kuder-Richardson
Formula 20) in the original sample, and .96 in a second sample
of 154 students (Watson & Friend, 1969). The scale also
displayed a good degree of convergent validity. The FNE was
found to correlate significantly with measures of manifest
anxiety (r = .60), social evaluative anxiety (r =.47), and need for
social approval (r = .60).

The FNE has been adapted for use in the Japanese
population by Ishikawa, Sasaki and Fukui (1992), using scores
from a sample of 332 individuals, of which 250 were university
students, 50 were individuals from the community, and the
remaining 32 individuals were in clinical treatment. Participants
responded to each item on a dichotomous true-false scale. Upon
analysis, scores on each of the items were found to correlate
significantly with scores on the scale as a whole. The structure of
the scores was analyzed using Principal Component Analysis.
As a result of this analysis, the first factor extracted explained
38% of the total variance, while the second factor extracted
explained less than 7% of the variance. From this the authors
concluded that the Japanese version of the FNE was primarily
unidimensional in nature.

The instrument was also found to correlate highly with
Japanese versions of the Manifest Anxiety Scale (r = .67), and
the State-Trait Anxiety Inventory (r = .62), as well as to
discriminate sufficiently between individuals with high and low
social evaluative anxiety. This version of the FNE has been
employed extensively in the Japanese population, with more
than 20 studies that have made use of this measure published as
of 2023.

In addition to its popularity as a measure of social evaluative
anxiety, Ishikawa et al.’s (1992) version of the FNE has also
served as the basis for a shortened version of the FNE. This

measure, known as the Short Fear of Negative Evaluation scale
(SFNE; Sasagawa et al., 2004), is one of the most commonly
used instruments for assessing social anxiety and its cognitive
aspects in particular in Japan (Maeda etal., 2017). The SFNE has
been employed in nearly 50 studies examining social anxiety,
including two dozen studies published in the English literature
concerned with this field of research. This shorter version of the
FNE was developed by Sasagawa and her colleagues in
response to shortcomings in the 30-item Japanese FNE, which
while seen as an adequate instrument, was thought to be
somewhat long (Sasagawa et al., 2004). Moreover, by changing
the scoring regime from a dichotomous true-false scale, used on
most versions of the FNE, to a 5-point Likert scale, Sasagawa et
al. hoped to improve the discriminative power of the instrument.

The SFNE was developed on the basis of scores from 389
university students on the thirty items of the Japanese version of
the FNE (Ishikawa et al., 1992). Participants were asked to
respond on the degree to which each item was characteristic of
them, with 1 semantically anchored to not at all characteristic of
me, and 5 to extremely characteristic of me. From the 30 items
on the original FNE, the 12 highest-loading items from the factor
pattern in the study were chosen to form the SFNE. Since its
development, the SFNE has shown a high degree of reliability,
with reported values for Cronbach’s alpha ranging from .85
(Moriya & Tanno, 2011) to .93 (Curtis et al., 2017), and with the
majority of studies reporting values of .90 or greater (e.g.,
Okajima et al., 2009; Maeda et al., 2017). Scores on the SFNE
have also been shown to correlate with scores on other measures
commonly used in the assessment of social anxiety, such as the
SPS (r = .57, p < .05; Okajima et al, 2009); the SIAS (r = .62, p
<.01; Essau etal., 2012); the SAD (r = .48, p <.01; Shirotsuki et
al., 2012); and the PSWQ (r =.58, p < .05; Maeda et al., 2015),
among others.

Initially, the factor structure of the FNE, in both its English
and Japanese versions, was assumed to be unidimensional. This
was also thought to be the case for the SFNE as well. However,
this supposition has recently been brought into question.
Rodebaugh et al. (2004) performed the first analyses on the FNE
for the purpose of determining if scores on the instrument
possessed the property of unidimensionality. For this purpose,
Rodebaugh and colleagues tested two similar measurement
models for the FNE. The first model was a one-factor model,
with all items specified to load onto this single factor. The second
measurement model was a two-factor model, with the
straightforward (straight-scored) items hypothesized to load onto
one factor and the reverse-scored items to load onto a second
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factor, with these two factors allowed to correlate. The factor
structure of the second model was based on prior research (e.g.,
Brown, 2003) showing that reverse-scored items which are
included in instruments exhibit a tendency to form separate
factors.

On the basis of results from confirmatory factor analysis
(CFA) on the two models, Rodebaugh and his colleagues
concluded that the two-factor model of the FNE better described
the underlying structure of the scores in the respective datasets.
They suggested two possibilities for the better fit of the two-
factor model. First, the factor comprising the reverse-worded
items might be the result of a method effect brought about by the
wording of the reverse-scored items. This was accepted as the
most parsimonious explanation for the two-factor structure.
However, they also stated that given the methodology of the
study, it was not possible to rule out the second possibility, that
the reverse-worded items comprised a substantial construct
rather than a method effect.

After determining that the two-factor model fit the data better,
the discriminative power of the straightforward and reverse-
scored factors on both instruments was investigated, as well their
concurrent validity, that is, their ability to predict scores on other
social anxiety measures. It was found that the items comprising
the straightforward factor were found to better discriminate
across a range of degrees of fear of negative evaluation. It was
supposed that this was because the straightforward items were
less confusing than the reverse-scored items. Furthermore, the
straightforward items also performed better in terms of
concurrent validity, being significantly more predictive of scores
on other self-report social anxiety measures than were the
reverse-scored items. The results led Rodebaugh and colleagues
to suggest that the straightforward items might represent a better
measure of social anxiety than the full instrument, which
included the reverse-scored items. However, they noted that
these conclusions needed to be examined in further research.

Nihei et al. (2018) undertook an examination of the structure
of scores produced by the SFNE (Sasagawa et al., 2004), on the
basis of the findings of Rodebaugh et al. (2004). The analysis
was based on responses from a community sample of 500
participants between the ages of 20 and 69, as well as a smaller
sample of 82 university students. The survey was presented to
participants online, and scores were recorded using a 5-point
Likert scale. Participants responded with the degree to which the
items were characteristic of them, with 1 being semantically
anchored to, not at all, and 5 to extremely characteristic of me.
Initially, exploratory factor analysis (EFA) with Promax rotation

was carried out and evidence was found for a two-factor solution,
with the first factor comprised of the eight straightforward items
on the SFNE, and the second comprised of the four reverse-
scored items. Reliability estimates (Cronbach’s alpha) for scores
on factors comprised of the straightforward items (hereinafter,
SFNE-S) and the reverse-scored items (SFNE-R) were
calculated, with values of .94 and .86 being derived, respectively.

Subsequent to the EFA, two measurement models were
specified in order to clarify the dimensionality of the scores on
the SFNE using CFA. The first model was a one-factor model of
the SFNE, with all 12 items specified to load on the single factor,
while the second model comprised two correlated factors, with
the eight straightforward items specified to load on one factor,
and the reverse-worded items specified to load on a separate
factor. The results of CFA on the one-factor model indicated
unequivocally poor fit, which suggested that scores on the SFNE
did not possess a simple unidimensional structure, consistent
with the results of the EFA.

The results for the two-factor model of the SFNE, were more
ambiguous, with some indices suggesting adequate fit, and some
unsatisfactory fit. Overall, while the results of the CFA
performed by Nihei et al. (2018) did not present conclusive
evidence that scores produced by the SFNE are comprised of
two dimensions, the results do seem to suggest that the SFNE, in
a manner similar to the FNE, also possesses a two-factor
structure.

In addition to examining the structure of the SFNE, Nihei et
al. (2018) also investigated the convergent validity of the SFNE,
the SFNE-S and the SFNE-R. Scores on both the SFNE and the
SFNE-S were found to correlate significantly with scores on
three other instruments used to assess aspects of social anxiety,
the LSAS, the Fear of Positive Evaluation scale and the
Generalized Anxiety Disorder Questionnaire. Scores on the
SFNE-R displayed a degree of correlation with scores on the
LSAS and the Generalized Anxiety Disorder Questionnaire, but
to a much lesser degree than either the SFNE or the SFNE-S.
Scores on the SFNE-R did not correlate significantly with scores
on the Fear of Positive Evaluation scale. On the basis of their
results, Nihei et al. (2018) suggested that the SFNE-S, that is, the
scale comprised of the eight straightforward items from the
SFNE, be used in future research on social anxiety, rather than
the full SFNE (Sasagawa et al., 2004).

Given the increasing emphasis placed on group work in
language classroom (Leeming, 2011) and the negative impact
social anxiety can have on the learners’ willingness to engage in
group work (e.g., Cantwell & Andrews, 2002; Zhou, 2016) there
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is a need for a valid and reliable instrument to assist both
researchers and practitioners in the assessment of learners’ self-
perceptions of social anxiety. As outlined above, the construct of
fear of negative evaluation can be seen as central to conceptions
of social anxiety, and thus the accurate measurement of this

construct is of importance for the progress of research in this area.

While the results of Nihei et al. (2018) do provide evidence
suggesting that the SFNE also has a two-factor structure, the
results of the CFAs carried out were ambiguous in relation to the
two-factor model, and thus the structure of scores produced by
the SFNE remains indeterminate. In view of the wide-spread use
of the SFNE (Sasagawa et al., 2004) in the Japanese context, and
the fact that the structure of scores produced by this measure, and
thus importantly the validity of these scores, has been brought
into question, confirmation of the structure of scores produced
by this instrument is called for. This study seeks to address this
need and extend the findings of Nihei et al. (2018), by examining
the factor structure of the SFNE, as an incremental step to
placing the use of these instruments on a stronger, evidence-
based, footing.

This study aims to clarify the ambiguity by testing both one-
and two-factor models of the SFNE with a new dataset in order
to determine if a two-factor model of the SFNE adequately
reflects the underlying structure of scores produced by the
measure. If this were found to be the case, then in accordance
with the findings of Nihei et al. (2018), the SFNE-S (that is, the
subscale comprising only the straightforward items from the
SFNE) would appear to be a more appropriate measure than the
full SFNE for evaluating social evaluative anxiety in the
Japanese context, and for this reason, this study also aims to
examine the structural validity of the SFNE-S as an independent
measure for assessing social evaluative anxiety in the Japanese
population.

3. Methodology

3.1 Participants

The dataset employed in this study was gathered from students
enrolled in English classes at three universities, one public and
two private, located in Western Japan. A total of 411 responses
were collected. Upon initial inspection, five responses were
found to have missing data, and were therefore removed from
the dataset. As no clearly discernable pattern was found in the
missing responses (this was determined through visual
inspection by the authors), the removal of these responses was
not considered to have an effect on the overall characteristics of

the dataset. The data from the remaining 406 responses forms the
basis for the analyses presented below.

The informed consent of the participants was obtained by the
inclusion of a form at the beginning of the survey, clearly stating
in Japanese that those not wishing to participate could do so
merely by leaving the form blank. Participation in the survey was
completely voluntary, with students being informed by the
administrator of the survey that they need not take part. While no
set time was given within which to complete the survey, most
participants did so within 10 minutes.

3.2 Instrument

The SFNE scale (Sasagawa et al., 2004) is the shortened version
of the Japanese adaptation of the FNE (Ishikawa et al., 1992). It
comprises twelve items from the Japanese version of the FNE
(See Appendix) It also employs a 5-point Likert scale to measure
the degree to which respondents feel each statement is
characteristic of them, with 1 semantically anchored to not at all,
and 5 to extremely. Eight of the items comprising the scale are
scored straightforward and four are reverse-scored.

3.3 Analytical Procedures

SPSS v21 was used to calculate descriptive statistics (means,
standard deviations, and the degree of skew and kurtosis) for
each item comprising the SFNE. The univariate normality of the
scores was determined by dividing the skew and kurtosis values
of each item by their respective standard errors to calculate
critical ratios, which are compared to a strict criterion of 2.0 and
a more relaxed criterion of 3.0. Mardia’s Coefficient was
employed to determine the degree of multivariate normality.
Cronbach’s alpha with 95% confidence intervals (Fan &
Thompson, 2001) was calculated for the SFNE and the
variations tested in this study. Following the recommendations
of Nunnally and Bernstein (1994), a value of .70 or greater for
reliability was adopted. Finally, AMOS v21 was used to conduct
CFA on models of the SFNE and its variations. A total of five
models were tested, outlined in the Results section below. To
determine the degree of model fit, the chi-square (x?) was used
in conjunction with four fit indices—the Tucker-Lewis index
(TLI), the comparative fit index (CFI), the root mean square
error of approximation (RMSEA), and the standardized root
mean squared residual (SRMSR). The combination of a range
of fit indices together with the chi-square is one means to
overcome the latter’s tendency to over-reject models. The values
recommended by Hu and Bentler (1999) as indicating a good
degree of fit for the fit indices (TLI and CFI >.95; RMSEA <.06;
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SRMSR <.08), were used to evaluate the fit of the model of the
SFNE and each of its variants.

4. Results

4.1 Descriptive Statistics, Skew and Kurtosis

Table 1, below, shows the descriptive statistics for the 12 items
comprising the SFNE. The range of the means extends from
2.04 (Item 5) to 3.76 (Item 4). For the standard deviations, the
largest value was found to be that for Item 10, at 1.269, while the
smallest standard deviation was for Item 5, at 1.100.

found in their dataset, and thus it is difficult to tell if the degree of
non-normality described above is particular to the dataset used
in this study or a more general characteristic of the instrument
when used in the Japanese population. If a similar degree of
non-normality was inherent in the data from the original study;,
then it might be the case that the non-normality found in the
scores of the dataset employed in this study is not simply
particular to this study, but a more invariant characteristic of the
instrument itself.

Table 2: Critical Ratios for Skew and Kurtosis for each Item on the SFNE

Item Skewness Kurtosis
Table 1: Item Means, Standard Deviation, Skew and Kurtosis for the Items on the Calculated Values Calculated Values
SFNE 1 0.05 **3.12
Std. Std.

Item M SD Skew Kurtosis 2 **6.56 041

Error Error
3 **3.56 *293

1 3.06 1152 0.006 0121 -0.754 0.242
4 **6.33 0.68

2 214 1.102 0.794 0121 -0.100 0.242
5 **7.70 043

3 339 1224 -0431 0121 -0.708 0.242
6 *2.90 *2.63

4 3.76 1132 -0.766 0121 -0.165 0.242
7 *2.67 *2.63

5 204 1.100 0.932 0121 0.103 0.242
8 **6.79 084

6 256 1.140 0.351 0121 -0.637 0.242
9 521 *221

7 264 1135 0323 0121 -0.636 0242
10 *2.17 **4.14

8 212 1140 0822 0121 -0.203 0.242
11 **548 *2.22

9 359 1195 -0.630 0121 -0535 0.242
12 **4.61 *2.37

10 267 1.269 0.263 0121 -1.002 0.242

Note: *Test item is skewed at the 2.0 threshold.
n 361 12% 0663 0121 0537 0242 **Test item is skewed at the 3.0 threshold.
12 240 1.163 0.558 0121 -0574 0.242

The calculated critical ratios for the skew and kurtosis of each
item are shown in Table 2. In terms of skew, the performance of
the majority of the items was found to be less than ideal, with
only one of the items possessing a critical ratio less than the strict
threshold. The ratios for three of the 12 items (25%) fell between
2.0 and 3.0, while those for the remaining eight items surpassed
the more relaxed threshold. The critical ratios for kurtosis
exhibited better results, with values for 33.3% of the items falling
below the 2.0 threshold. Those for 50% of the items were
between the strict and more relaxed value, and only 2 of the items
greater than the relaxed value. Overall, the results for the
respective critical ratios for the skew and kurtosis of each of the
items indicates a degree of univariate non-normality in the scores
that make up the dataset. However, it should be noted that
Sasagawa et al. (2004) did not report the degree of non-normality

4.2 Reliability Estimates

Table 3 displays Cronbach’s alpha reliability estimates, with
95% confidence intervals, for the three variations of the SFNE
examined in this study. The values for the SFNE and its variants
exceed the recommended value of .70 (Nunnally & Bernstein,

Table 3: Reliability Estimates, Confidence Intervals for Alpha (95%), Scale Means,
and Scale Standard Deviations for Scores on the SFNE

Cronbach's 95% Confidence Scale SD for
Subscale

alpha Intervals Mean Scale

Lower Upper

Bound Bound
SFNE 889 872 904 3397 9401
SFNE-S 901 885 915 19.62 7.073
SFNE-R 813 781 841 14.34 3.847
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1994), with the lower bounds of the 95% confidence intervals
for all of the scales exceeding this threshold. These results
suggest that all of the scales examined in this study possess
sufficient reliability, at least in regards to this dataset. The
value for the SFNE is similar to those reported in the
literature; however, it is interesting to note that the reliability
estimates for the SFNE-S and SFNE-R listed in Table 5.3 are
lower than those reported by Nihei et al. (2018; .94 and .86,
respectively).

4.3 Confirmatory Factor Analysis

A total of five measurement models were tested using CFA in
this study. The results from each CFA are reported below in their
respective sections. For the SFNE, two models were tested—a
one-factor model, and a two-factor model. Following this, the
results for the CFA carried out on a model of the SFNE-S are
reported. The final section comprises the results from CFASs on
two rival models of the SFNE-S. Table 4 presents the values for
the goodness-of-fit indicators and ¥ for each of the models.

Table 4: Comparison of Goodness-of-fiit Indicators for SFNE and Variants

SFNE SFNE SFNE-S SFNE-S SANES
One- Two- One- Rival Rival
factor factor factor Model 1 Modkl2

model model model
TLI 729 928 920 984 991
CFI 778 942 943 989 994
RMSEA 153 079 107 050 037
SRMR 1100 0513 0441 0249 0211
X 564.61 18543 113.04 28.29 2187
p 000 .000 000 013 081

TLI: Tucker-Lewis index; CFl: Comparative fit index; RMSEA: root mean
squared error of approximation; SRMR: standardized root mean squared
residual; x2: Chi-square test statistic.

4.3.1 One-Factor Model for the SFNE
The first measurement model specified for the SNFE was
derived from the structure hypothesized by Sasagawa et al.
(2004). In their study, all twelve items were found to load onto a
single factor. For that reason, this model possessed a single factor
with all twelve of the items comprising the SFNE specified to
load onto that factor. The model possessed 78 distinct sample
moments, 24 distinct parameters to be estimated, with 54
degrees of freedom, and thus was overidentified.

The value of Mardia’s coefficient for this model was 24.226,

indicating a degree of multivariate non-normality in the scores
for this model. The ¥? value for this model was 564.61 with a
probability level of .000. The results from the calculations of the
fit indices were as follows (Hu and Bentler’s [1999] cut-off
values are given in parentheses): TLI .729 (>.95), CFI .778
(>.95); RMSEA .153 (<.06); SRMR .1100 (<.08). The
combination of these values strongly suggests that the single
factor model of the SFNE does not fit the underlying structure of
the scores in the dataset. This result was not unexpected, and
would seem to confirm the finding of Nihei et al (2018), who
also found that the one-factor model did not exhibit a sufficient
degree of fit.

4.3.2 Two-Factor Model for the SFNE

Atwo-factor model for the SFNE was tested next. This model is
similar to that employed by Nihei et al. (2018) in their study of
the factor structure of the SFNE. The two-factors in this model
were allowed to correlate. ltems 1, 2, 5, 6, 7, 8, 10 and 12 (the
eight straightforward items on the SFNE) were specified to load
on the first factor, while Items 3, 4, 9 and 11 (the four reverse-
scored items) were specified to load on the second factor. This
model also met the criterion for overidentification, with 78
distinct sample moments, 25 distinct parameters to be estimated,
and therefore 53 degrees of freedom.

The results of the goodness-of-fit indices for this model were
as follows (Hu and Bentler’s [1999] cut-off values in
parentheses): TLI .928 (>.95), CFl .942 (>.95); RMSEA .079
(<.06), with the 90% confidence interval ranging between .066
and .091; SRMSR .0513 (<.08). The x? value was 185.43 with a
probability level of .000. Mardia’s coefficient for this model
(24.226) was the same as that for the single-factor model above,
which is as expected as both models comprise the same items.
This value indicates multivariate non-normality in the data.
These results, taken in conjunction, suggest that this two-factor
model of the SFNE possesses an arguably sufficient degree of fit
with the structure of the scores in the dataset. Departures on the
TLI and CFA are small, the SRMSR result is good, and values
of up to .08 on the RMSEA can be considered acceptable. While
the results from the CFA conducted by Nihei et al. (2018) on a
two-factor model of the SFNE did not conclusively indicate that
such a model possessed a sufficient degree of fit, these results
from the CFA undertaken in this study would appear to provide
stronger evidence for the fit of this hypothesized model.

4.3.3 One-Factor Model for the SFNE-S
In addition to presenting evidence of a two-factor structure
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underlying the SFNE, Nihei et al. (2018) also examined the
concurrent validity of scales comprised of the SNFE’s
straightforward items (SFNE-S) and its reverse-scored items
(SFNE-R). Nihei et al. found that the SFNE-S was a better
predictor of scores on other social anxiety instruments, and as a
result, recommended the use of the SFNE-S over the full SFNE.
As mentioned above, the present study seeks to examine the
structural validity of this model. For this purpose, a measurement
model was developed on the basis of the SFNE-S, as proposed
by Nihei et al. (2018). This model was a one-factor model with
the eight straightforward items comprising the SNFE (ltems 1, 2,
5, 6, 7, 8, 10 and 12) loading on this single factor. The model
possessed 36 distinct sample moments and 16 distinct
parameters to be estimated, with 20 degrees of freedom, and thus
was overidentified.

Mardia’s coefficient for this model, 26.537, indicated a

degree of multivariate non-normality in the dataset for this model.

The 2 value for this model was 113.04 with a probability level
of .000. The results from the calculations of the fit indices (with
Hu and Bentler’s [1999] cut-offs in parentheses) were as follows:
TLI 920 (>.95), CFl .943 (>.95); RMSEA .107 (<.06);
SRMR .0441 (<.08). Taken together, the four goodness-of-fit
indices, as well as the ¥?value, strongly indicate that this one-
factor model for the SFNE-S does not fit the data to a sufficient
degree and thus should be rejected.

The SFNE-S has been reported to have greater utility than the
full SFNE by Nihei et al. (2018), due to the effect of the reverse-
scored items on the structure of that instrument, and for that
reason, it was decided to undertake an examination of the
possible sources of the poor fit exhibited by the SNFE-S in the
CFA described above. When investigating possible sources of
mis-fit in measurement models, it is recommended to examine
both the modification indices for the model in question, as well
as its standardized residuals (e.g., Brown, 2015; Kline, 2011).
However, it is also recommended that any changes to the model
suggested by such an examination (also known as a specification
search) also be supported by a theoretical rationale in order to
avoid capitalizing on the chance variations occurring in the
dataset under examination (Kline, 2011). With this caveat in
mind, the modification indices and the standardized residuals for
the model specified for the SFNE-S are presented below.

Table 5 shows the covariance modification indices for this
model. In this table, only those modification indices whose value
is 10 or greater are shown. The reason for this is that altering the
model to account for relationships whose index is less than 10
often has little or no effect on the overall fit of the model (Byrne,

2016). By definition, the error terms for each item in a
measurement model are assumed to vary independently. A
covariance modification index with a value greater than 10
suggests the fit of the model would be improved if the error terms
for the two items listed were allowed to correlate in the model.
This suggested correlation between the error terms implies that
the two indicators (items) in question are being affected by
something that is not explicitly specified in the measurement
model (Kline, 2011).

Table 5: Covariance Modification Indices for the SFNE-S Measurement Model

Covariance Modification Index
e2 <> e5 75512
el <> ¢el0 10.065

As can be seen in Table 5, only two modification indices
possessed values greater than 10, however, only one of these is
markedly larger than the cut-off. This is the modification index
for items 2 and 5, with a value of 72.512. The magnitude of this
value suggests that there may be a substantial influence on
responses to these two items that is not accounted for by the
model as presently specified.

In addition to an inspection of the modification indices,
examination of the model’s standardized residuals is
recommended when seeking possible sources of mis-fit (Brown,
2015). These residuals show the amount of covariance between
items that is not explained by the relationships as specified in the
model. Positive values indicate that the model is underestimating
the relationship between the two items in question, while
negative values suggest that the model overestimates the
relationship between the two items. For standardized residuals,
an absolute value greater than 1.96 is commonly employed as a
threshold for determining which residuals may be problematic
in a given model. This value corresponds to a statistically
significant z score (p =.05), and this in tumn implies that the
unaccounted-for covariance is more than likely due to factors
other than chance associations in the dataset (Brown, 2015).
Byrme (2016) further clarifies this point by citing Joreskog and
Sorbom (1993), who note that values greater than 2.58 should be
considered large and thus possibly problematic.

These values for the model of the SFNE-S are given in Table
6. Upon inspection of the table, only one value, that of the
residual between Item 2 and Item 5, exceeds Brown’s cut-off.
Furthermore, this value (3.46) surpasses Jéreskog and Sérbom’s
(1993) threshold value as well. The sign of this residual is
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positive indicating that the model is underestimating the
relationship between these two items. This result corresponds to
the evidence from the inspection of the modification indices
outlined above, and taken together, strongly suggests that there
is something not accounted for in the measurement model that is
influencing responses to these two items; with this something
being some form of latent.

Table 6: Standardized Residuals for the SFNE-S Measurement Model

em 10 8 7 & 5 2 1
No.

2 0

0 05 0

8 046 -0.05 0

7 024 010 010 0

6 048 016 -043 031 0

5 07 07 076 040 -098 0

2 08 -079 -025 007 -007 346 0

1 025 131 073 047 039 -116 -109 0

On the basis of this evidence, a further measurement model
was specified to test the hypothesis that the relationship between
Items 2 and 5 was a source of the poor fit exhibited by the model
of the SFNE-S. Kline (2011) suggests the specification of an
error covariance between the two items as a means to test a
hypothesis such as this. For this reason, a measurement model
which was identical to this model, with the exception of the
addition of an error covariance specified between Items 2 and 5,
was specified and tested.

This model had 36 distinct sample moments and 16 distinct
parameters to be estimated, with 20 degrees of freedom, and thus
was determined to be overidentified. The value for Mardia’s
coefficient for this model (21.136) indicated that a degree of
multivariate non-normality was present in the scores from the
dataset. The values for the goodness-of-fit indices were as
follows: TLI.986 (>.95), CFl .990 (>.95); RMSEA .045 (<.06);
SRMR .0246 (<.08). These values satisfy the cut-off put forth by
Hu and Bentler (1999), and thus, indicate a more than adequate
degree of fit for this model. The ¥? value for this model was
statistically non-significant (at the p < .01 level), x= 34.78, p
=015, which suggests that the model does not differ from the

structure underlying the scores, and therefore should be accepted.

Of course, while this model fits well, it is a diagnostic model
with the common-factor specification for unidimensionality

sacrificed through the allowing of two error terms to covary.
The results from the CFA on this model would seem to
confirm the hypothesis that the covariance between Items 2 and
5, which is unaccounted for by the model of the SFNE-S as
initially specified, is a significant source of the poor fit displayed
by this model. In order to limit the possibility that this was merely
the result of chance associations in the dataset, as well as to
attempt to determine a possible source of the covariance, it was
decided to examine the content of the two items. Upon
inspection, it was determined that covariance of these items was
likely due to a method effect engendered from what is termed
content overlap (Brown, 2003). This effect stems from the
inclusion of similarly worded items, or of items which cover
similar aspects of the underlying construct. This similarity in
item content results in a greater degree of covariance between
the two items than would otherwise be expected. If these two
items (Item 2, | am frequently afraid of other people noting my
shortcomings; Item 5, | am afraid that people will find fault with
me) display such a high degree of similarity, then the principle of
parsimony would suggest that one of them should be removed
from the instrument. This would have the result of nullifying the
method effect, and thus, hopefully, improving the overall fit of
the SFNE-S scale. In order to test this hypothesis—that the
removal of either Item 2 or Item 5 would improve the fit of the
model of the SFNE-S—two further measurement models were
specified, and each is described in its respective section below.

434 First Rival Model for the SFNE-S

The first rival model tested comprised seven items from the
SFNE (ltems 1, 5, 6, 7, 8, 10 and 12; Item 2 was removed from
the model) all specified to load on one factor, which was
hypothesized to represent the construct of fear of negative
evaluation. This model met the criteria for overidentification,
with 28 distinct sample moments, 14 distinct parameters to be
estimated, and 14 degrees of freedom.

The model exhibited a degree of fit similar to that displayed
by the model described immediately above (that with an error
covariance specified between Item 2 and Item 5). The X>value
for this model was not statistically significant (at p < .01), x* =
28.29, p = .013, indicating that the model does in fact fit the
scores to a sufficient degree. Mardia’s coefficient, however,
remained above the cut-off value (5.0), at 20.862 indicating
some multivariate non-normality. The four goodness-of-fit
indices for this model all satisfied the cut-offs recommended by
Hu and Bentler (1999; given in parentheses), and were as
follows: TLI.984 (>.95), CFI .989 (>.95); RMSEA .050 (<.06),
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with the range of the 90% confidence interval calculated to be
from .022 to .077; SRMR .0249 (<.08).

In accordance with the evidence provided by the values for
the indices, together with the non-significant result for the ? test
statistic, it was determined that this model displayed a
meritorious degree of fit with the scores in the dataset for this
study.

4.3.5 Second Rival Model for the SFNE-S

As the first rival model tested, removed Item 2 from the SFNE-
S, the next model omitted Item 5. This model comprised a single
factor, with seven of the eight straightforward items from the
SFNE-S (Items 1, 2, 6, 7, 8, 10 and 12) specified to load on this
factor. The model possessed 28 distinct sample moments and 14
distinct parameters to be estimated, with a resultant 14 degrees
of freedom, which meant that the model was overidentified. As
with all of the previous models examined in this study, the value
for Mardia’s coefficient (16.540) indicated a degree of
multivariate non-normality in the scores for this model, although
this was the lowest value for all the models in the study. The
results for the fit indices were as follows (with Hu and Bentler’s
[1999] cut-offs given in parentheses): TLI.991 (>.95), CFl .994
(>.95); RMSEA .037 (<.06), with the range of the 90%
confidence interval calculated to be from .000 to .066;
SRMR .0211 (<.08). These values indicate that Model 12 also
exhibits a meritorious degree of fit. Finally, the value for the ¥?
test statistic was statistically non-significant, x? = 21.87, p=.081,
once again indicating that the relationships specified in the model
sufficiently reproduce the covariance structure of the scores in
the dataset.

Both of the two rival models exhibited an extremely high
degree of fit, and on the basis of the values, the second rival
model might be considered to be the better of the two, however,
the values of most indices differ by only a small degree, and this
may be more due to small variations related to chance, rather
than a significantly better degree of fit for the second model.
Moreover, evidence for the validity of any model comes out of a
cumulative process, and thus the results of any one study can
neither fully confirm nor reject any model beyond doubt.
Therefore, the determination of which version of the SFNE-S is
a more viable instrument going forward would seem to require
that both models be tested against a new dataset in future
research.

5. Discussion

This study examined the structure of scores generated by the
SFNE (Sasagawa et al., 2004). This instrument is extensively
employed in the measurement of social evaluative anxiety, as
well as more general social anxiety. However, the dimensionality
of the instrument, and thus also the valid interpretation of scores
generated by it, has recently been brought into question (Nihei et
al., 2018). The aim of this paper was to investigate the
dimensionality of scores produced by this instrument, in order to
provide further evidence for or against the factor structures
suggested by previous research (e.g., Nihei et al., 2018;
Rodebaugh et al., 2004). The determination of the structural
validity of this instrument is an important initial step towards
putting the further use of the SFNE on an evidence-based footing.
If a positive determination were made, the SFNE could serve as
a valuable tool in the investigation of the role of social anxiety in
group work and, even more importantly, as means to assist
educators in recognizing those learners who may be put at risk
by the increasing emphasis on the use of group work in Japanese
classrooms.

Investigation of the SFNE resulted in evidence against a
simple unidimensional structure underlying scores on this
instrument. As the results of the CFA showed, a single factor
model of this instrument exhibited unambiguously poor fit with
the data collected in this study. Conversely, the two-factor model
tested for the SFNE, a model with the straightforward and
reverse-scored items specified to load on two separate, correlated
factors, displayed a more than sufficient degree of fit. This
suggests that the SFNE does not possess a simple
unidimensional structure. The value for the ¥? statistic was
significant for this two-factor model, which could be argued to
suggest that the models lack sufficient fit. However, as Hair et al.
(2014) point out, with large samples (n > 250) and a model with
12 or more indicators (items), as is the case here, a significant x2
value is to be expected. For this reason, the result of the ¥? statistic
should be evaluated in light of the values for the goodness-of-fit
indices for the model. The value of the SRMR index for this
model was substantially below Hu and Bentler’s (1999)
suggested cut-off (.08), indicating that it substantially reproduced
the covariance relationships found in the data. The values for the
TLI and CFI, while not meeting the .95 threshold, were all
above .90, the point at which a model may be deemed acceptable
according to early literature (Bentler, 1990). In addition, the
value for the CFl was greater than .92, which Hair et al. (2014)
suggests as indicating good fit in samples greater than 250
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respondents. The remaining goodness-of-fit index, the RMSEA,
is slightly more problematic, as the value for this index exceeded
Hu and Bentler’s recommendation (.06). However, the value is
slightly below .80, which is the value put forth by Browne and
Cudeck (1993) as indicative of acceptable fit. While this more
licentious criterion comes from a somewhat dated source, there
isa pattern in the general literature recently that below .06 is good
and below .08 is adequate. The degree of it exhibited by the two-
factor model of the SFNE strongly suggests that scores on this
instrument are not unidimensional in nature and therefore also
should be interpreted with caution, a finding which corresponds
to that of Nihei et al. (2018).

The results from CFAs conducted on measurement models
of the SFNE would seem to suggest that a model with two
underlying factors fits the scores in this dataset better than a
model with a single factor. The secondary factor in this model
comprised the reverse-scored items on the SFNE. This result
suggests that responses to the reverse-scored items are
influenced by something other than participants’ degree of social
evaluative anxiety, as would be the case if the instruments
possessed a simple unidimensional structure. In other words, the
results of the CFAs provide evidence for the existence of a
degree of systematic variation caused by the reverse-scored
items included on the SFNE. While some have suggested that
such systematic variation can be interpreted as evidence for an
additional substantial latent factor underlying the instrument,
(e.g., Rodebaugh, Woods & Heimberg [2007] in regards to the
SIAS), the most likely, as well as the most parsimonious,
explanation for the apparent non-unitary structure displayed by
the instruments in this study is the existence of a method-effect
brought about by respondent confusion over the wording of the
reverse-scored items (see Brown, 2003). However, regardless of
the underlying cause, it is still the case that these particular items
are the source of the non-random measurement error apparent in
all three instruments. The fact that this error is non-random
suggests that the reverse-scored items should be removed from
the instruments to improve their validity, as well as their
performance.

Reverse-scored items are most often included on an
instrument to limit response bias, or at least make its presence
easier to detect. However, as Brown (2003) points out, for this
technique to be effective, the number of straightforward and
reverse-scored items on an instrument should be equal in number.
On the SFNE, the straightforward items outnumber the reverse-
scored items by a 2:1 ratio (8 to 4 in each case), and thus the
rationale for retaining the reverse-scored items as a means to

limit response bias is not valid for this measure.

Secondly, as discussed in the Introduction section of this
paper, previous research (e.g., Nihei et al., 2018) has shown that
responses from the reverse-scored items on this instrument
correlate with other measures of social anxiety to a much lower
degree than either the full instrument or the straightforward items
taken alone, and in some cases do not correlate at all. In addition,
Nihei et al. (2018) found that a scale comprising only the
straightforward items exhibited greater reliability than the full
scale, and supposed that this was because of the removal of the
poorly performing reverse-scored items.

Finally, and most importantly considering the context for this
study, learners in the classroom, reverse-scored items tend to
cause confusion in respondents with lower levels of education
(Weeks et al., 2005) or who are less able readers (Marsh, 1996).
While Weeks et al. (2005) found that this was most true for
respondents with less than a college-level education, Marsh
(1996) found similar effects among university students, as well
as in 10th grade high school students. Moreover, the confusion
engendered by these reverse-scored items can lead to the
underestimation of the degree of social evaluative anxiety in
respondents with lower levels of education (Weeks et al., 2005).
Considering that working in groups is being emphasized at all
levels of the Japanese education system, the possibility of
underestimating the degree of social anxiety experienced by
younger learners should be avoided as much as possible.

The second measure examined in this study, the SFNE-S,
includes only the straightforward items from its respective parent
instrument, and thus, may provide an alternative to the use of the
SFNE and its troublesome reverse-scored items. As mentioned
in the Introduction above, the use of this measure has been
suggested in the literature concerned with the factor structure of
the SFNE. For this reason, a single factor model for this measure
was tested. However, the model for the SFNE-S exhibited less
than satisfactory fit. While the values for three of the goodness-
offit indices—the TLI, the CFI, the SRMR—suggested
arguably adequate fit, the RMSEA value (see Table 5.4) was
greater than .1, the value at which MacCallum et al. (1996)
recommends for the rejection of a model. Perhaps this was
because the removal of the reverse-scored items, and the
corresponding confusion that they bring with them, had the
result of making other sources of mis-fit in this model more
apparent. On the basis of this result, it was decided to investigate
the areas of local strain in the model of the SFNE-S.

As outlined above, this examination revealed the presence of
amethod-effect stemming from content-overlap (Brown, 2003),
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that is, a greater than expected covariance between items due to
a similarity in wording or subject matter. More importantly, it
may be the case that this is a method effect that arises more
prominently in the Japanese version of the instrument than in the
English version. Item 2, | am frequently afraid of other people
noting my shortcomings, and Item 5, | am afraid that people will
find fault with me, appear to differ slightly in their intended focus,
with Item 2 more involved with an individual revealing their
own inability or inadequacy in front of others through their own
actions, while Item 5 seems to imply that others will criticize
one’s actions regardless of the actual quality of these actions.
However, in the Japanese version of the FNE (Ishikawa et al.,
1992), the term ketten () is used in both items. In addition,
when these two items were shown to several native Japanese
speaking professors and instructors with some experience in
testing, all determined that these two items expressed virtually
equivalent meanings. This would suggest that rather than
expressing similar, though distinct, aspects of the fear of negative
evaluation, as in the original FNE (Watson & Friend, 1969),
these two items on the Japanese version of the SFNE (and also
the FNE as well) are rewordings of an almost identical sentiment,
thus engendering a method effect as outlined by Brown (2003;
2015). If these two items are in fact expressing the same
sentiment, then the validity of the measure could be improved,
without narrowing its operational bandwidth, by the removal of
one of either of the items from the instrument.

For this reason, two alternative single-factor models—one
with Item 2 removed and Item 5 retained (the first rival model),
and the other with Item 5 removed and Item 2 retained (the
second rival model)—were tested. Both models were found to
exhibit a very high degree of fit with the underlying structure of
the scores, with values for all four of the goodness-of-fit indices
satisfying Hu and Bentler’s (1999) recommendations, and
moreover, non-significant results for the X2 test statistic. As the
two models are not nested, it was not possible to employ the x2
difference test to determine which of the two models fit the
structure of the scores more closely. While the values for the
indices for the second rival model were better than those for the
first, the differences were rather small, and thus it is difficult to
determine if these results provide evidence for the superior fit of
the second model, or if this difference is simply due to sample-
specific variation present in this particular dataset.

Determining which of the two versions of the SFNE-S tested
in this study provides better fit requires further testing with new
datasets. However, the results of the CFAs carried out on the two
rival models appear to present strong evidence that the removal

of one of the two items expressing quite similar meanings (Items
2 or 5) would unquestionably improve the fit of the SFNE-S
scale. This in turn suggests that a new version of the SFNE-S,
lacking one of these items, be developed and the structure of this
instrument tested against the dimensionality of the scores in a
new dataset. This course of development would hopefully lead
to an instrument which was able to generate structurally valid
and reliable scores in the Japanese EFL context. In addition, this
process of development, would allow researchers and
practitioners to utilize the newly developed instrument with a
degree of confidence due its basis in both theory and empirically
derived evidence.

6. Conclusion

The instrument examined in this study, the SFNE, is extensively
employed in the investigation of social evaluative anxiety.
However, recent research by Nihei et al. (2018) and others has
cast doubt on the unidimensional structure of the SFNE, and
therefore the interpretability of its scores. This study has aimed
to confirm and extend the findings of Nihei et al. (2018) by
examining the factor structure of the SFNE in a sample from the
Japanese university EFL learner population. In addition, this
study aimed to ascertain the viability of the SFNE-S as an
independent measure of social evaluative anxiety. Evidence for
the validity and reliability of this scale would be an important
first step in proposing the use of this scale as alternatives to the
problematic SFNE.

In regards to the SFNE, this study found strong evidence that
scores on this instrument lack a simple unidimensional structure,
which confirmed the findings of Nihei et al. (2018). The two-
factor model of the SFNE displayed good fit with the structure
of the scores, providing substantial support for the hypothesis
that this instrument is not a unitary measure of social evaluative
anxiety, and therefore that scores generated by the SFNE in the
Japanese context should be interpreted with caution.

The results from the CFAs conducted on models of the
SFNE-S, on the other hand, suggest that with some adjustment,
that is, the removal of one of the two items with highly similar
content, this scale could serve as a useful and interpretable
measure of social evaluative anxiety. It should be noted here that
establishing the structural validity of an instrument is a
cumulative process and thus additional research is needed, not
only to determine which of the two problematic items should be
removed from the instrument, but also to provide further
evidence for or against the structure proposed in this study, and
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inan a priori rather than a posteriori test.

More generally, and in a similar manner to the findings of
Brown (2003), this study’s findings highlight the importance of
investigating the existence of a range of possible method effects
when evaluating the results from CFAs carried out on structural
models. As Brown points out, non-random measurement error
(i.e. the influence of method effects) is not unusual, however,
many studies report only the values of those indices employed to
estimate global fit, neglecting to examine other possible issues in
measurement models, as is often recommended (e.g., Bymne,
2016; Kline 2011).

The fact that this study has examined scores from only one
sample from the target population, Japanese university EFL
learners, may limit the generalizability of its results. However,
this is a limitation which is applicable to much other similar
research in the literature, and in social science research more
generally. Repeated sampling of the target population would not
only serve as a means of overcoming this limitation, but would
also contribute valuable evidence to the cumulative process of
determining the validity of the SFNE and its variants among
Japanese university EFL learners.
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Appendix: The Short Fear of Negative Evaluation Scale
(SFNE; Sasagawa et al., 2004)

Item
| worry about

what people will think of me even when | know it doesn’t make

any difference.
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10.

11.

| am frequently afraid of other people noticing my

shortcomings.

The disapproval of others would have little effect on

me. *

rarely worry about what kind of impression | am making on

someone. *

am afraid that others will find fault with me.

When | am talking to someone, | worry about
what they may be thinking of me.

usually worried about what kind of impression | make.

1 worry that others will think | am not worthwhile.

worry very little about what others may think of me.*

Sometimes | am too concerned with

what other peaple may think of me.

am often indifferent to the opinions others have of me. *

1 brood about the opinions my friends have about me.
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Abstract

The Foreign Language Enjoyment Scale is a popular measure of enjoyment, however the validity of this scale has yet to be
examined in the Japanese context. This study used mixed methods to investigate the validity of this scale and uncover sources
of positive classroom emotions in a sample of 514 Japanese university English learners in a blended learning course. Results
from confirmatory factor analysis indicated poor fit for four models of the scale from past studies. Exploratory factor analysis
subsequently revealed two dimensions. One factor, Foreign Language Enjoyment-Social, comprised items related to the
social aspects of a positive learning experience, while the second, Foreign Language Enjoyment-Private, concerned personal
feelings of achievement and success in learning. Several prominent sources of social and private enjoyment, including pride,
realization of progress and meaningful engagement with peers, emerged from analysis of qualitative data from a subset of
329 respondents. The findings add to knowledge on the structure and validity of the Foreign Language Enjoyment Scale
in the Japanese context and suggest the need for further in-depth study of this emotion in different cultural contexts.

Key Words : Foreign language enjoyment; Positive psychology; Oral communication; Validity; Confirmatory factor analysis

1. Introduction

With the introduction of tenets from positive psychology into the
study and practice of language learning (e.g., Lake, 2013;
Mercer & Maclntyre, 2014), there has been a shift from the study
of the debilitating effects of negative emotions to the enabling
power of positive ones. In particular, the role of enjoyment in
language learning has received considerable attention since
Dewaele and Macintyre’s (2014) original study. The influence
of foreign language enjoyment (FLE) on a range of positive
outcomes, such as willingness to communicate (Dewaele, 2019),
language development (Saito et al., 2018), achievement (Jin &
Zhang, 2018), and reduced anxiety (Dewaele & Maclntyre,
2014) underline the importance of continued research on this
emotional construct.

Research on FLE has come to encompass a wide range of
educational contexts, including Belgium (De Smet et al., 2018),
Turkey (Uzun, 2017), Saudi Arabia (Dewaele & Alfawzan,
2018), Kuwait (Dewaele et al., 2022), Kazakhstan (Dewaele et
al.,, 2019), China (e.g., Jiang & Dewaele, 2019) and Japan (e.g.,
Saito et al., 2018). There have as of yet been few studies on the
dimensionality of FLE in these different contexts, however.
Dewaele and Macintyre’s (2016) pioneering study outlined two
dimensions underlying FLE, Social and Private, using an
international sample, and Botes et al. (2021) used this same data
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set to develop a short version of the Foreign Language
Enjoyment Scale (FLES), the S-FLES. In the Chinese context,
both Jin and Zhang (2018) and Li et al. (2018) have proposed
models of the FLES. However, in Japan, research on the
dimensions underlying FLE remains sparse, with only Saito et
al. (2018) reporting the results from exploratory factor analysis
(EFA) in their study focused on emotion, motivation and second
language comprehensibility development.

As the number of studies in Japan investigating the impact
of positive emotions, and FLE in particular, increases (e.g., Inada,
2022; Inada & Inada, 2021; Kitaoka, 2021; Xethakis et al., 2022),
there is a need to place research in this area on a more secure
foundation. Differences in learners’ experiences of positive
emotions may exist between cultures (Maclntyre & Vincze,
2017), and thus the dimensions that underly the FLES in a
sample of international learners, or Chinese learners, may not be
the same as those for learners in the Japanese context. This study
aims to address this gap in research on FLE by examining the
dimensionality of this emotional construct among Japanese
university-level English language leamers and add to the knowledge
base in this area by providing a better understanding of the nature
and sources of this emotion in Japanese leaners of English.

2. Literature Review

2.1 Positive Emotion in SLA Research
With few exceptions, the study of learners’ affective states has
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received limited attention in educational research until recent
decades (Pekrun & Linnenbrink-Garcia, 2014). In the area of
second language acquisition, this has been especially true,
reflecting the field’s emphasis on cognition and its role in
language learning (Swain, 2013). Even in the exceptions to this
cognitive paradigm, research on affect in language learning has
often focused on its debilitating and limiting effects, such as
Krashen’s (1985) proposal of the affective filter, or the impact of
forms of anxiety (e.g., Young, 1991), with Foreign Language
Classroom Anxiety (FLCA) one of the most studied negative
emotions (Horwitz, 2010).

However, following the broader shift in the field of
psychology from a focus on emotional pathology to the factors
that enable well-being (e.g., Seligman, 2011; Csikzentmihalyi,
2008), a similar redirection has taken place in the psychology of
language learning (see Mercer & Maclntyre, 2014), moving
from an emphasis on overcoming negative affect to an
appreciation of the possibilities of positive emotion. One
particular positive emotion, enjoyment, has taken a central role
in the study of positive emotion in language learning. Not only
has it become one of the most often investigated of these
emotions but has also served as a representative for the influence
of positive emotions in the language classroom more generally
(Botes, 2022).

Initially conceptualized by Dewaele and Maclntyre (2014),
foreign language enjoyment is based on two strains of the
positive psychology movement. The first of these is
Fredrickson’s (2001, 2013) broaden and build theory. In this
theory, positive emotions act to broaden the courses of action
available to an individual in a particular situation, widen their
scope of attention, and in turn, cause them to engage more
fully with their environment. In this state, they are more open to
new experience and new information (Fredrickson, 2001). In
the language learning context, positive emotions act to enhance
learners’ awareness of language input, enabling them to more
easily absorb the L2 (Dewaele et al., 2018). In addition to
their learner-internal influences, positive emotions also help
to build relationships with others by encouraging an urge to
explore and play, as well as an openness to new experiences
(Fredrickson, 2001), which when shared with others encourages
social bonds and group cohesion (Dewaele & Dewaele, 2017).
The second foundation of foreign language enjoyment lies in
Csikszentmihalyi’s (2008) notion of optimal experiences. Such
experiences provide opportunities for individuals to apply their
abilities and skills to achieve a desired end or goal. The need to
apply oneself in order to achieve an end, and the attendant sense

of accomplishment, novelty and personal growth, is what makes
the activity enjoyable by Csikszentmihalyi’s definition, rather
than simply being pleasurable, which is the feeling one has when
one’s more basic needs, such as food or rest, are met. Placing this
concept in the context of language learning, Dewaele and
Maclntyre (2014) note that “it is the match between the
challenge of the activity and the skill of the learner that form a
foundation for enjoyment,” (p. 257). Enjoyment can thus be seen
as a broad, positive emotion that underlies an individual’s
flourishing inside and outside the classroom.

The importance of enjoyment, and the efficacy of positive
emotions in the context of language learning more generally, can
be seen in the positive outcomes that have been linked to this
emotion. Botes et al. (2022), in their meta-analysis on the effects
of foreign language enjoyment note four areas where this
emotion has had a significant impact: FLCA, willingness to
communicate (WTC), self-perceived proficiency and academic
achievement. The association between FLE and FLCA,
specifically that learners with higher levels of FLE experienced
lower levels of FLCA, was found in Dewaele and Maclntyre’s
(2014) initial study. This relationship has been substantiated in
the majority of subsequent studies examining these two
emotions in tandem (e.g., Dewaele et al., 2018; Jiang & Dewaele,
2019; Uzun, 2017). One of the first studies to examine the
relationship between FLE and WTC was Khajavy, Maclntyre
and Barabadi (2018). In their study on 1528 Iranian English
language learners, the effects of FLE on WTC were examined at
both the individual and classroom levels with the result that
learning experiences which encouraged individual enjoyment
and fostered a supportive atmosphere enhanced learners’ WTC.
Dewaele (2019) similarly found that WTC among Spanish
learners of English benefited from increased FLE. The influence
of high levels of FLE on learners’ self-perceived English
proficiency has been investigated in a number of studies. In both
Dewaele and Alfawzan (2018) and Li et al. (2020), FLE was
found to be a significant predictor of proficiency for learners ata
range of levels of language ability. Similarly, in Japan, Inada
(2022) reported that FLE was associated with gains in
proficiency. With regard to language achievement, in terms of
exam or test scores or grades, levels of FLE have been shown to
significantly predict test scores (e.g., Jin & Zhang, 2018), and
this is particularly the case for learners with either higher levels
of FLE (Dewaele & Alfawzan, 2018), or higher language levels
(Lietal., 2018).

In addition to these four, FLE has been linked to both
motivation, with a case study by Pavelescu (2019) showing that
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positive emotion can help strengthen and maintain learners’
motivation, and language development, where Saito et al. (2018)
in their study on high-school English learners in Japan, found
that those with learners higher levels of FLE exhibited greater
improvements in their oral proficiency over the term of the study.
Moreover, FLES has been tied to a range of demographic
variables, (age, gender, and multilingualism), and personality
traits, such as emotional intelligence and grit (see Botes et al.,
2022 for a review). In view of its centrality to the study of
positive emotions and their impact on language learning, there is
need to ground the measurement of FLE on secure empirical
foundations. This study represents an initial step in this direction
by examining the validity of four versions of the FLES
prominent in the literature.

2.2 Measuring Emotion

The FLES was developed by Dewaele and Maclntyre (2014) for
their original study on FLE and has subsequently become the
most often utilized measure of both enjoyment specifically and
positive emotion in the language classroom more generally
(Botes, 2021). Taking Ryan et al.’s (1990) Interest/Enjoyment
subscale as its basis, the 21-item FLES was designed to be a
global measure of enjoyment in the language classroom,
reflecting aspects of positive experiences, such as interest,
creativity, pride, and a sense of accomplishment, as well as those
of a positive classroom environment, such as social cohesion,
feelings of group membership, and assessments of peers and the
teacher (See Appendix). The reliability of the scale was
estimated to be .86 using Cronbach’s alpha, and similar levels of
reliability (a = .85) have been found in other studies (e.g.,
Kitaoka, 2021: Shirvan & Taherian, 2021). The discriminant
validity of the FLES was investigated through comparison with
the FLCA, and a moderate negative correlation (r = -.36)
between the two scales was reported.

The dimensionality of the FLES was first examined by
Dewaele and Maclntyre (2016) in their study on the structure of
the FLES and the Foreign Language Classroom Anxiety Scale
(FLCAS), where they carried out EFA on the data set from their
previous study (Dewaele & Macintyre, 2104). The results of the
analysis suggested a three-factor solution, with the FLCAS
forming one factor, and surprisingly to the authors of the study,
the 21 enjoyment items resolving into two factors. The first of
these represented the social side of enjoyment such as a positive
environment, a good atmosphere, nice peers, and supportive
teachers. This factor was named Foreign Language Enjoyment-
Sacial. The second enjoyment factor comprised items reflecting

internal feelings of pride, interest, and fun. Dewaele and
Maclintyre characterized this factor as expressing “private
feelings of enjoyment from accomplishing something that was
difficult and in spite of obstacles,” (p. 232), and termed it,
Foreign Language Enjoyment-Private.

On the basis of this study, a shortened version of the FLES,
with ten items, and reflecting both the private and social
dimensions of FLE was developed. This scale has been widely
used in a range of studies including Dewaele and Dewaele
(2018), Dewaele and Maclntyre (2019), and Jiang and Dewaele
(2019). While the reliability of this version of the scale has been
consistently high (= . 85), it should be noted that as Botes et al.
(2021) point out, the choice of items included in this version of
the FLES was primarily based on “expert knowledge” (p. 860)
rather than factor analysis or other psychometric criteria. The
structure of this version of the FLES was examined by Saito et
al. (2018) as part of their study on emotions and language
development in a sample of Japanese high-school English
learners. An EFA on the 10 items together with a shortened
version of the FLCAS revealed three factors. The items from the
FLCAS loaded primarily on one factor, while the 10 items from
the FLE were split evenly between two factors, whose content
closely resembled the two factors from Dewaele and Maclintyre
(2016). As such, these two factors were named Social
Enjoyment and Private Enjoyment.

Dewaele and Maclintyre’s (2014) data set has also served as
the basis for a short nine-item version of the FLES (the S-FLES;
Botes et al., 2021) . This version was developed using all 21
items from the original FLES. The original data set was split,
with one sample used to determine the factor structure using
EFA, and the other used to confirm this structure using
confirmatory factor analysis (CFA). An initiall EFA was
conducted using PCAwith Promax rotation, due to the degree of
correlation shown between the underlying factors in previous
studies. This solution suggested four factors, but four items had
weak loadings on all factors and were removed. A second EFA
with the remaining 17 items resulted in a three-factor solution. In
order to make the scale as brief as possible, the three most
representative items from each factor were selected on the basis
of theoretical considerations and confirmed using an algorithmic
procedure. This nine-item, three-factor model was then tested
using CFA, and displayed good fit with the scores in the second
of the split samples.

Two versions of the FLES have been developed for use with
Chinese respondents. The first of these comes from Li et al.
(2018). Their study on over 2000 Chinese high-school English
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learners examined the factor structure of a 14-item version of the
FLES, hypothesized to reflect the two dimensions found in
Dewaele and Maclntyre (2016). However, when this structure
was tested using confirmatory factor analysis (CFA), it was
found to fit poorly. Aseries of EFAs and CFAs resulted in a three-
factor, 11-item version of the FLES. The first dimension
comprised five items, whose content was similar to that of the
third factor in Dewaele and Maclntyre (2016), and thus it was
termed FLE-Private. The second and third factor were each
made up of three items, and were termed FLE-Teacher, and
FLE-Atmosphere, respectively.

A second Chinese version of the FLES has been proposed
by Jin and Zhang (2018). Rather than using a shortened version
of the FLES, Jin and Zhang began their examination of the
structure of the FLES with all 21-items from the original FLES.
A series of EFAs using PCA with Direct oblimin rotation
revealed a three-factor structure. The first factor, comprising
three items related to learners’ assessment of the teacher, was
named Enjoyment of Teacher Support. The second factor, with
9 items, was named Enjoyment of English Learning. The
content of this factor resembled those from previous studies
concerned with private feelings of enjoyment. The third factor,
named Enjoyment of Student Support, had five items, all of
which were related to social cohesion and peer relationships. Jin
and Zhang named this 17-item version of the FLES the English
Classroom Enjoyment Scale.

The versions of the FLES outlined above differ in both the
number of items in the scale (from 9 to 17), and the number of
underlying dimensions (two versus three), as well as the item
content of each of these dimensions (See Table 1). Moreover, the
only version whose dimensionality has been investigated in the
Japanese context is the 10-item version of the FLES (Saito et al.,
2018). The validity of the other versions of the FLES in the
Japanese context, as well as the validity of the 10-item FLES in
a different sample of Japanese learners, remains an open
question. As Flake and Fried (2020) point out, measurement is a
“foundational aspect of the research process,” (p. 458), and
construct validation is an indispensable part of this. This may be
especially true in the measurement of affective states, such as
enjoyment, whose experiential aspects may differ across cultures
(Macintyre & Vincze, 2017).

To address these issues, and further, to provide a better
understanding of the nature of positive emotions in language
learning classroom, this study aims to investigate the dimensions
underlying FLE in the context of Japanese university language
learners as well as examine their characterizations of enjoyable

Table 1. Structure and Content of Four \ersions of the Foreign Language
Enjoyment Scale (FLES)

Source # Items # Factors and Factor Names Factor Content
Botes 1. Teacher Appreciation 15,16, 17
etal. 9 2. Personal Enjoyment 4,8,9

(2021) 3. Social Enjoyment 19,20,21
Saito . .

1. Social Enjoyment 3,4,7,911
etal. 10 . .
2. Private Enjoyment 10,12,14,18,21

(2018)

Li 1. FLE-Private 3,4,8,9,12
etal. u 2. FLE-Teacher 15,16, 17
(2018) 3. FLE-Atmosphere 10,18,19
1. Enjoyment of Teacher 15,16, 17
Jin Support
and 17 2. Enjoyment of English 1,3,4,5,6,7,8,9,
Zhang Leaming 12
(2018) 3. Enjoyment of Student
Support 14,18, 19, 20,21
Note: Item numbers listed under factor content are those from Dewaele and
Maclntyre (2016).
experiences.
2.3 Research Questions

This study is framed by two research questions:

Research Question 1: What are the dimensions of FLE for
Japanese university-level English learners? More specifically,
are the proposed models of the FLES valid measures of FLE in
this context?

Research Question 2: What do these learners report as sources of
enjoyment in the classroom?

3. Methodology

3.1 Research Design

This study adopted a convergent parallel design (Creswell &
Creswell, 2018). In this design, quantitative and qualitative data
are gathered simultaneously, and the qualitative data serves to
provide greater depth to the results of the quantitative analysis.
In this study, quantitative data was used to ascertain the validity
of the four versions of the FLES, determine the dimensions of
FLE, and calculate the reliability of the factors emerging from
the factor analysis. Qualitative data provided insight into how
Japanese university students characterize their experience of
FLE in the classroom and what they consider to be the sources
of their emotions.

3.2 Participants and Context
Atotal of 514 Japanese university students took part in this study.
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Al of the participants were first-year, non-English majors at a
private university in southern Japan, and thus constituted a
convenience sample. There were 331 (64.4%) male respondents,
179 (34.85) females, and four who declined to provide a gender.
The large majority of respondents were studying in STEM
disciplines: Engineering (31.0%), Computer and Information
Sciences (22.6%), Pharmaceutical Sciences (21.2%), and
Biotechnology and Life Science (15.5%). All participants were
enrolled in a first-year English communication course. The
course is compulsory and centered on learner interaction and the
development of oral communication skills. Learners regularly
engage in short (3- to 5-minute), non-rehearsed conversations on
topics directly relevant to their lives (e.g., free-time activities,
music, YouTube, favorite places, etc.), in addition to other pair-
and group-work activities carried out in each class. The aim of
the course is to allow learners to focus on meaningful
interactions with their classmates, and for them to come to see
English as a tool for authentic communication. In response to the
Covid-19 pandemic, classes transitioned from two in-person
classes per week to a blended learning framework where
students spent one class per week in the classroom, and the other
working individually with online materials designed to review
content and prepare learners for the following in-person class.
During these in-person classes, students worked primarily in
pairs and small groups engaged in activities focused on
encouraging interaction and communication.

3.3 Data Collection

The data set employed in this study was gathered from learners
in November and December of 2021. The survey was
administered using Google Forms. Learners took the survey
during their English language class. Permission to conduct this
study was obtained from university administrators after ethical
review, and the informed consent of the participants was
obtained by means of a statement at the beginning of the survey
form informing participants that they need not take part in the
survey, and that by answering the questions on the form they
were giving their consent for their responses to be used in the
study.

3.4 Instrument

3.4.1 Demographics

The first section of the survey asked participants to provide
information concerning their gender and faculty, as noted above
in Section 3.2.

3.4.2 Foreign Language Enjoyment Scale (Dewaele &
Maclntyre, 2014)

The second section of the survey comprised a Japanese version
of the FLES (Dewaele & Macintyre, 2014), comprising 21 items.
It contains items such as: | enjoy studying English; In my English
class, | feel proud of my accomplishments; My classmates are
nice; and, There is a good atmosphere in my English class.
Participants were asked to respond to the survey items on a six-
point Likert scale (from 1 = Strongly disagree, to 6 = Strongly
Agree), as in Saito et al. (2018). All items were translated into
Japanese by the author together with a Japanese L1 specialist
with experience in scale development, then back-translated into
English by two bilingual English professors.

3.4.3 Qualitative Data

Following the FLES items, respondents were asked an open-
ended question based on those used in previous studies of FLE
(e.9., Dewaele & Alfawzan, 2018; Dewaele & Maclntyre, 2014;
Li et al., 2018), which aimed to uncover the sources of learners’
positive emotions in the classroom: In as much detail as you can,
write about an enjoyable learning experience in your English
class, and how you felt about it. The question was presented to
participants in Japanese, and learners were encouraged to
respond in Japanese to ensure that they were able to fully express
their feelings about the experience. From the 514 participants,
347 (67.5%) provided replies to this question.

3.5 Data Analysis

Data screening procedures to identify univariate and multivariate
outliers were carried out (Hair et al., 2019), and the normality,
linearity, and multicollinearity of scores in the data set was
determined prior to factor analysis. The suitability of the data set
for factor analysis was assessed using the Kaiser-Meyer-Olkin
Measure of Sampling Adequacy.

Analysis took place in three stages. The first stage of the
analysis was carried out using CFA to determine the construct
validity (i.e., whether the structure of the scores in this data set
matched that of the proposed models) of four versions of the
FLES: Botes et al. (2021), Jin and Zhang (2018), Li et al. (2018),
and Saito et al. (2018). The analysis employed AMOS v28 with
maximum likelihood estimation. Bootstrapping was applied to
account for multivariate non-normality. Model fit was
determined using the chi-square statistic (x2), the Tucker-Lewis
Index (TLI > .94), Comparative Fit Index (CFI >.94), Standard
Root Mean Square Residual (SRMR < .08), and Root Mean
Square Residual (RMSEA < .07) (Hair et al., 2019).
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Following this, EFA, using SPSS v28, was conducted to
investigate the structure of the scores in the second stage.
Principal component analysis was employed to determine the
initial factor structure, and then maximum likelihood estimation
with direct oblimin rotation was used to refine the structure. The
number of factors to be retained was determined on the basis of
three criteria: 1) an eigenvalue greater than 1.0; 2) examination
of the scree plot; and 3) the results of parallel analysis carried out
using JASP v17. The content of each factor was determined
following a three-step process outlined by Hair etal. (2019). First,
acriterion of .40 for an item to be considered to load significantly
on a factor was established. Next, the ratio of the variance of any
cross-loading items was compared, and those items with a ratio
of less than 2.0 were considered for removal. Finally, item
communalities, which estimate the proportion of variance
explained by the underlying factors, were examined, and those
items with communalities below .5 (meaning that less than half
the item’s variance was explained by the factors) were
considered for removal. Reliability of the factors was determined
using Cronbach’s alpha (a > .7), with 95% confidence intervals
(Hair et al., 2019).

In the third stage, qualitative data was analyzed taking a
concept-driven approach (Gibbs, 2007), where responses were
considered primarily, although not exclusively, in terms of the
sources of enjoyment identified in previous studies on FLE (e.g.,
Dewaele & Alfawzan, 2018; Dewaele & Macintyre, 2014; Jiang
& Dewaele, 2019) in order to identify sources of FLE among
these learners, as well as exemplify and situate the dimensions
emerging from the factor analysis.

4. Results

4.1 Data Screening

Two univariate outliers (z-score > 3.3 on four or more items;
Tabachnick & Fidell, 2019), were found in the data set and
removed. In addition, one multivariate outlier (ratio of
Mahalanobis distance and degrees of freedom > 3.5; Hair et al.,
2019) was found and removed, leaving a final sample size of 511.
One-sample Kolmorogov-Smirnov tests revealed non-normal
distribution in the scores. However, as noted by Hair et al. (2019),
sample sizes greater than 200 can reduce the effects of non-
normality in factor analysis. Furthermore, the degree of kurtosis
for each item did not exceed the level (> 7) which Byrne (2016)
describes as indicating a departure from normality. Therefore, it
was considered acceptable to employ maximum likelihood
estimation with bootstrapping in the CFA. The linearity of each

data set was determined using scatterplots, and no non-linear
relationships were found. The results from Kaiser-Meyer-Olkin
Measure of Sampling Adequacy (.942) indicated suitability for
factor analysis (Field, 2018).

4.2 Confirmatory Factor Analysis

As the initial stage of the analysis, the four proposed models for
FLE were tested using CFA. The results of these tests are
outlined in Table 2. The two-factor model of the 10-item FLES
suggested by Saito et al. (2018) arguably performed the most
poorly of the four models, however both the model proposed by
Jinand Zhang (2018) and that of Li et al. (2018) fell substantially
short of the criterion for good fit as well. The model for the S-
FLES proposed by Botes et al. (2021) came very close to
matching the criterion, however the RMSEA value for this
model exceeded even the more relaxed criterion of .08 suggested
by Browne and Cudeck (1993). These results strongly suggest
that the four models cannot serve as valid measures of FLE in
this sample of learners.

Table 2. Values of Goodness-of-Fit Indicators for Models for the Foreign
Language Enjoyment Scale (FLES)

Jinand . .
Botesetal. Lietal. Saitoetal.
Model Zhang
(2021) (2018) (2018)
(2018)
TLI 926 843 855 782
CFI 951 866 892 835
RMSEA 099 112 142 161
95% Cl 084/.115 105/.119 130/.153 148/.174
SRMR 0570 .0800 0754 0682
7 143518* 863.591* 460.741* 482.784*
df 24 116 41 34

TLI: Tucker-Lewis index; CFl: Comparative fit index; RMSEA: root
mean squared error of approximation; CI = Confidence Interval.;
SRMR: standardized root mean square residual; x2: Chi-square.
*p<.001

4.3 Exploratory Factor Analysis

As none of the four models tested exhibited an adequate degree
of fit, a series of EFAs was carried out to determine the structure
underlying the scores. An initial solution using PCA suggested
three factors, however, only three items loaded on the third factor,
with two of the items cross-loading on the second factor, which
suggested over-factoring. In addition, the results of the parallel
analysis suggested only two factors (Figure 1), and therefore,
two factors were retained in subsequent EFAS carried out using
maximum likelihood with direct oblimin rotation.
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In the first of these, the determinant was found to be smaller
than .00001, indicating issues with multicollinearity (Field,
2018). Upon examination of the correlation matrix, ltem 17 was
found to have a correlation of .812 with Item 16, and Item 12
was found to correlated with Item 4 at .772, degrees of
correlation which can be indicative of multicollinearity
according to Field (2018). In such cases, Loewen and Gonulal
(2015) suggest eliminating one of the highly correlating
variables. Items 17 and 12 were therefore removed in a step-wise
process and the analysis re-run. The removal of these two items
resolved the issues with multicollinearity. The loadings of the
remaining 19 items on the two factors were then inspected, and
one item, Item 20, was found to load below the criterion of 4. In
addition, Items 2, 3 and 10 cross-loaded on both factors, and in
all three cases the ratios of their variances was < 2.0. These four
items were removed and the analysis re-run. The resultant EFA
displayed simple structure, with all items loading above .4 and
no evidence of significant cross-loading, therefore the
communalities of the 16 items were examined. As a result, 3
items, (Items 5, 11 and 13) were found to have communalities
close to .4 and so were removed from the analysis. The final two-
factor solution comprised 12 items and explained 65.8% of the
variance (Table 3). The two factors were positively correlated
(:610).
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Figure 1. Scree Plot of FLES Including Results of Parallel Analysis

The six items on the first factor concerned the social aspects
of a positive learning experience, in particular social
cohesiveness and the role of the teacher in helping to establish
this kind of environment. The six items on the second factor
expressed learners’ feelings of personal pride, accomplishment
and interest in learning English. The content of the two factors
resembled those found by Dewaele and Maclntyre (2016), and
so the factors were similarly named FLE-Social and FLE-
Private.

4.4 Reliability

As a measure of reliability, the internal consistency of each
subscale was estimated using Cronbach’s alpha with 95%
confidence intervals. Alpha for the FLE-Social was .90, with a
95% confidence interval (CI) of .89 and .91. For the FLE-Private
the respective value was .88 (Cl: .86 and .89), suggesting that
both subscales possess sufficient reliability.

Table 3. Results from Exploratory Factor Analysis on the items of the Foreign
Language Enjoyment Scale (FLES)

Factor
No. Item FLE  FLE
Social Private
1 Icanbe creative in my English class. 0.689
4 lenjoy studying English. 0614
6 Ileamtto express myself better in English. 0.783
7 1’m a worthy member of my English 0809
class.
8 I’ve leamt interesting things in my English 0660
class.
9 | feel pro.ud of my accomplishments in 0760
my English class.
14 My classmates are nice. 0.756
15 Theteacher is encouraging. 0.737
16 Theteacher is friendly. 0.907
18 There is agood atmosphere in my English 0923
class.
19 Weformatight group. 0.621
21 Welaughallotin my English class. 0.465

Extraction Method: Maximum Likelihood with Direct Oblimin rotation.

45 Levelsof FLE

Averages scores for FLE-Social and FLE-Private, as well as
means and standard deviations with 95% CI were calculated
using bootstrapping to account for non-normality (Table 4).
Levels of FLE-Social and FLE-Private reported by learners were
compared using the Wilcoxon signed-rank test. Levels of FLE-
Social (Mdn = 4.83) were significantly higher than those for
FLE-Private (Mdn =4.00), z=17.55, p <.001, with a large effect
size, r = .78, applying Plonsky and Oswald’s (2014)
recommendations for effect sizes in L2 research.
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Table 4. Descriptive Statistics and Reliability for SFLE and PFLE

Scale FLE-Social FLE-Private
M 4.79 3/97
95% ClI [4.71-4.86] [3.89-4.04]
SD 820 829
95% Cl [.775-.861] [.772-.879]
a 90 .88
95% Cl [89-.91] [[86—.89]

Note: CI = Confidence Interval.

4.6 Qualitative Analysis
The qualitative data collected in this study was used to reveal
what learners considered to be sources of enjoyable classroom
experiences, as well as to help situate the dimensions emerging
from the factor analysis and clarify the content of these
dimensions. Among the 347 respondents to the open-ended
question, 18 provided only very short answers such as “nothing
special” or simply “fun.” These responses were removed from
the analysis, leaving 329 valid responses, producing a total of
13,549 characters, for an average of 41 characters per response.
The thematic analysis of learner responses is a complex
process, and while the majority of the responses were short,
many of them mentioned more than one source of emotion. For
this reason, there was a degree of overlap in the coding of the
responses. The results of this process are summarized in Table 5.
The responses highlighted below were chosen to exemplify
more prominent sources of positive emotion and while this
cannot be an exhaustive description of the responses due to space
restrictions, it allows connections between aspects of learners’
classroom experience and the two dimensions of FLE to become
apparent.

Table 5. Sources of Enjoyable Classroom Experiences Categorized by FLES

Dimension
Dimension FLE-Private FLE-Social
Sense of accomplishment,  Building bonds, class
new experiences/sense of  activities, having fun
novelty, realization of together, working
Source -progres's, having fun, together, sup-)pon from
interesting peers, meaningful
engagement, teacher,
atmosphere, learing from
others
Number of
131 214
Mentions

Note: FLES = Foreign Language Enjoyment Scale

4.6.1 FLE-Private

In line with Dewaele and Maclntyre’s (2016) characterization of
private enjoyment as an “internal sense of enjoyment in the face
of challenges,” (p. 231), the most prevalent source of this of this
emotion was a sense of accomplishment. For many learners in
this study, these were moments of pride, satisfaction or self-
confidence that came when they were able to convey their
thoughts, talk about personal experiences or simply share likes
and dislikes using English, as in these examples (numbers in
parentheses are the 1D number given to each learner’s response):

(309): 1 was very happy when | could explain what | was

thinking to my partner in English and they understood.

(305): Talking with friends in English on a variety of topics

was a lot of fun and gave me confidence in myself, even if |

could not speak English well.

For other learners, this sense of accomplishment came from
overcoming challenges, whether those were imposed from the
outside, as in a class activity, such as when playing Taboo (where
learners have to get their partner to guess a keyword or phrase
without using certain other words related to the keyword), or by
their own language abilities:

(148): 1 enjoyed the game of guessing English words. It was

difficult because of the limited number of words available,

but 1 enjoyed trying my best to find different words and tell
them.

(243): It was enjoyable to discuss our life experiences in

English. It was difficult, but it was a great experience.
Rather than momentary successes, many learners described
feelings of achievement that came when they realized the
progress they had made in their language learning journey:

(321): | feel that | am getting better and better at discussing

certain topics with my classmates as we continue to practice.

I am very happy to be able to feel that progress.

(122): 1 enjoyed talking with other people in English, talking

about myself and asking them about theirs. | tend to use

Japanese when | don't understand something, but I think |

gained some skills in explaining in English through the pair

work where we had to explain the words in English, and the
work itself was interesting.

(199): Conversation activities are interesting. This is

because I had never practiced it in school, but only learned

English in lecture classes. | could enjoy the fun of using

English and the flow of progress (rapid spurts of growth and

stops).

As in this last comment, another important aspect of personal
enjoyment was a sense of novelty and differences from learners’
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previous English classes:
(171): Compared to high school and junior high school, |
find it very practical and fun to have a more natural learning
environment for speaking English.

4.6.2 FLE-Social

This dimension of enjoyment was characterized primarily by a
sense of meaningful interaction or engagement with peers or the
teacher. The most often mentioned source of this form of
enjoyment was the development of bonds between learners. The
conversational nature of class, the focus on learner interaction
and the sharing of personal information allowed learners to get
to know one another and thereby build personal relationships:

(74): One of the most enjoyable experiences in the English

Communication class at the university was discussing our

favorite music and artworks with each other in English. It

was a great class because we could share what we liked with
each other, and we could get to know each other and learn
how to speak English instantly as we spoke.

(139): When | practiced conversation with other class

members, | was able to talk to people from different

departments and learn a little about them in English. There

were experiences, music, and food that | didn't know about,

which | found interesting and amazing.
Sharing personal experiences and information in the target
language may not only help to increase positive emotions in a
classroom, but by engaging students in learning about each other,
it may also serve as a means to overcome the oft-felt artificiality
of speaking the target language with other learners who share the
same L1.

Obviously, the activities that learners are engaged in during
the class have a strong influence on their emotional experience.
As Dewaele and Maclntyre (2016) have pointed out, an
enjoyable and suitably challenging activity for one learner, can
be an overpowering or anxiety provoking one for another. For
the learners in this study, activities that allowed them to express
themselves formed one source of enjoyment as noted above. A
further source was found in gamified online activities such as
Quizlet or Kahoot, which emphasized both cooperation and
competition between learners:

(189) : Kahoot was fun. Once | was able to win the

competition by cooperating with my partner, and | was

happy about that.

(82): 1 found the quiz competition, which also served as

English vocabulary practice, to be very enjoyable. The quiz

competition was usually done in groups of three, but | was

very happy because | was able to cooperate more by sharing

what | knew and by sending signals.

The following responses show many of the aspects of a
learning environment where positive emotions can flourish:
student-centered activities, the building of bonds between
learners, a sense of personal accomplishment, positive feelings
that come from a sense of social support, and recognition from
others.

(197): Since there were many individual and group

conversations, | was able to talk a lot with friends | normally

don't talk to and increase my connections with them.

Although I was not able to express everything | was thinking

in perfect English, | was very happy when | could express

myself well or when | received sympathy from my friends.

(68): I'm not very good at English, and as you can see from

my tests and such, my grammar is a mess. But when | try to

speak as hard as | can, other friends and teachers recognize
me. | feel a sense of accomplishment.
This supportive atmosphere can help to create a learning
environment where mistakes can be laughed off and come to be
seen as one means of learning, rather than as a source of anxiety
or fear:

(302): If you make a mistake, you can laugh and correct it.

(326): Even when I didn't understand something, the teacher

would tell me in detail, and even if | made a mistake in a

conversation with a friend, we could have fun, and I enjoyed

the fact that we could look up proper English and restate it

to each other, which I felt was a good class.
Asnoted in this last comment, the teacher plays an important role
in establishing the social atmosphere of the class, and creating an
environment where learners feel safe enough to make mistakes
and express themselves freely. It is interesting to note, however,
that the teacher was mentioned explicitly by only asmall number
of respondents in this study. One possible reason for this may be
the blended nature of the course and resultant emphasis on
learner interaction and communication in pairs and groups
during in-person classes. This atmosphere, while created by the
teacher through their choice of activities, may have altered the
usual social dynamic, transforming the teacher from a distinct
source of positive emotions to one of several more or less co-
equal influences on the overall learning environment and
learners’ emotional experiences, albeit while remaining an
important one.
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5. Discussion

This study investigated the validity of four versions of the FLES
for use in the in the context of Japanese university-level language
learners. It was framed by the need for solid foundations in the
measurement of psychological constructs (Flake & Fried, 2020),
and by Maclntyre and Vincze’s (2017) call for the investigation
of positive emotions in different cultural contexts. The initial aim
of the study was thus to determine if the presently proposed
versions of FLE (Botes et al., 2021; Jin & Zhang, 2018; Lietal.,
2018; Saito et al., 2018) could serve as valid measures of FLE in
the context of Japanese university-level language learners. The
results of the CFAs carried out in this study showed that none of
the four versions tested exhibited a degree of fit sufficient fit for
their un-critical use in the Japanese context.

As a consequence of the poor fit exhibited by each on the
models tested using CFA, an exploratory approach was adopted,
and a series of EFAs were conducted. These suggested a two-
factor structure for the FLES. Similar to the EFAs conducted by
Dewaele and Maclntyre (2016), there was a degree of cross-
loading between the two factors, resulting in the removal of
several items to clarify the structure and content of the two-
dimensions. The resultant two-factor solution comprised 12
items in total (from the original 21), with six items loading on
each factor.

The first dimension was termed FLE-Social following
Dewaele and Maclntyre (2016), and comprised items
expressing social cohesion, shared experiences, and encouraging
and friendly peers and teachers. This dimension can be seen to
exemplify the role positive emations play in helping to build
relationships with others by encouraging the urge to explore and
openness to new experiences (Fredrickson, 2001), which when
shared with others encourages social bonding. Qualitative
analysis of learner responses helped to situate this dimension in
learners’ experience by making manifest the importance of
sharing experiences and personal information, building bonds
between classmates, activities promoting cooperation and
competition, and support from teachers and peers in creating a
positive social atmosphere.

The second dimension was termed FLE-Private, with items
expressing concepts such as creativity, expressing oneself well,
and a feeling of pride in one’s accomplishments. This factor
reflected the internal nature of Csikszentmihalyi ’s (2008)
concept of optimal experiences, and was centered around a sense
of achievement and personal growth that comes after making an
effort to overcome a challenge. In relation to this dimension of

FLE, learners reported feelings of enjoyment from being able to
convey meaning, in moments of language learning success and
realizations of longer-term progress, as well as from novelty and
differences from their previous classroom experiences.

The poor degree of fit exhibited by the versions of the FLES
developed for use with Chinese language learners underline two
points made by Li et al. (2018). First, establishing the validity of
an instrument used in cultural contexts different from that in
which it was developed is a necessity. This study has shown that
such validation is needed even when the two contexts can be
considered relatively close, either culturally (such as in the case
of China and Japan) or in terms of teaching style (in this case,
traditionally lectures and a focus on tests), let alone when
employing instruments developed on the basis of scores from
learners in Europe or America. Second, as the qualitative data
from this study shows, while the learners across cultures may
have broadly similar views on what makes a language class
enjoyable, there are differences between them, and these
differences suggest the need for more detailed research
investigating the sources of positive emotion.

The results of this study also suggest that the commonly used
10-item version of the FLES may not be a suitable representative
of FLE in the Japanese context, and therefore it should be used
with caution by with researchers and practitioners. Evidence for
or against the validity of an instrument is an accumulative
process however, and thus the results of any one study should not
be considered as definite evidence for or against using a
particular version of an instrument. This may be particularly the
case for the S-FLES (Botes et al., 2021), which came very close
to meeting the criteria for good fit, with only the RMSEA failing
to meet the stipulated value. This suggests that there is a need for
further research into the use of this version of the FLES in the
Japanese context.

One interesting area of further investigation here would be
the fact that, in this study, items related to the teacher loaded on
a larger social enjoyment factor. This differs not only from the
findings of Botes et al. (2021), but also those of Jin and Zhang
(2018) and Li et al. (2018). In all three of these studies, items
related to the role of the teacher formed a separate dimension.
Furthermore, in this study, the teacher was a minor theme in the
qualitative analysis in this study. This is not to suggest that the
teacher did not play a significant role as a source learners’
positive emotions, but rather that there may be other factors
behind these differences in the structure of the FLES and learners’
responses.

An intriguing possibility lies in King and Smith’s (2017)
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characterization of the Japanese language classroom as “a highly
public social performance situation” (p. 99). It may be that in
such a situation, where learners feel they are under constant
observation by both the teacher and their peers, the differences
between teachers and peers in establishing the social atmosphere
of the class are reduced and both come to play more equal roles.
That is to say, in the eyes of Japanese university learners, the
teacher may be just one part of the social dimension of the
language classroom, working in tandem with peers to create the
overall atmosphere of the class.

The other possibility, as mentioned above, is that the
particular learning context in which this study took place, a
blended learning environment with in-class time focused
intensively on learner interaction in pairs and small groups,
altered the position of the teacher, with he or she becoming a co-
equal architect of learners’ enjoyable experiences. These
possibilities are not mutually exclusive, and both suggest
avenues for future research, as well as the need to validate the
findings of this study in other samples of Japanese learners.

The nature of the course that forms its context points to one
limitation of the study. The learning environment in this study
differed from that in previous studies on FLE, and that may limit
the generalizability of the results, making comparisons between
this study and others more difficult. However, the learning
environment in this study is similar to the present situation many
language learners find themselves in—limited and socially-
distanced interaction with other learners—and so in that sense it
may contribute to future research examining learners’ emotions
in non-traditional learning environments.

A further limitation is one more common to studies in this
area, as well as in the social sciences more generally. The data set
employed in this study was collected from learners at a single
institution, and while relatively large and comprising learners
from a range of majors, thus represents a sample of convenience
rather than a random sample of Japanese university English
learners. One means of contending with this issue is repeated
sampling of this population. While these further samples are also
likely to be samples of convenience, the limitations of each could
be overcome through the use of meta-analysis.

6. Conclusion

This study investigated the validity of four versions of the FLES
in a sample of Japanese university English language learners, as
well as the sources of learners’ enjoyable experiences in the
language classroom. Models of all four versions of the FLES

exhibited an insufficient degree of fit with the structure
underlying scores in the data set, and thus their un-critical use in
this context is not recommended. Subsequent EFASs reveled two
dimensions underlying FLE. One, which was characterized by
individual experiences of a sense of accomplishment and
overcoming challenges, was termed FLE-Private, and the other
grounded in the social aspects of language learning, such as
relationships with peers and the teacher, and the atmosphere of
the classroom, was named FLE-Social. These findings represent
a step towards extending knowledge of the structural
components of the FLES in the Japanese university context, as
well as adding to the literature on the sources of learners’
emotional experiences in the language classroom.

In terms of practical implications, an awareness of these
dimensions and understanding of the sources of social and
private enjoyment identified in this study can help guide teachers
when planning classroom activities aimed at engaging learners'
positive emotions. One example of this is the use of gamified
study applications, such as Quizlet or Kahoot, which allow
learners to both cooperate within their group and also compete
against other groups, encouraging social cohesion and thereby
enhancing the social aspects of enjoyment. In addition, these
activities raise the stakes in a safe way and provide learners with
manageable challenges they can meaningfully engage with and
overcome, increasing personal enjoyment as well. As a further
example, structured and scaffolded activities which encourage
the sharing of personal information and experiences in the target
language not only provide learners with opportunities to
experience language learning success, but can also help to build
social bonds between learners as well.

While the knowledge-base of FLE has widen considerably
since Dewaele and Maclntyre’s (2014) pioneering study, and
much more is known about what constitutes an enjoyable
experience for language learners, there is a need for further
research which adopts more in-depth approaches, such as
interviews and focus groups, as well as case studies, such as that
carried out by Pavelescu (2019). The qualitative data gathered in
this study provided a sense of learners’ self-perceived sources of
enjoyment that helped to ground the dimensions of the FLES in
learners’ lived experiences. However, it consisted mostly of short
comments, rather than rich descriptions of enjoyable experiences,
which would have allowed for a deeper understanding of both
the sources of emotions and their influence on learning.

As a supplement to this deeper investigation of FLE, there
may be a need for instruments that measure more specific
aspects of FLE. As originally conceived, the FLES was designed
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to be a broad, general measure of FLE, and it has served this task
well. However, moving forward, one path could be the
development of instruments to investigate more specific aspects
of FLE, such as peer support and recognition, competition and
cooperation  between learners, or differences between
momentary feelings of success and longer-term recognition of
progress in one’s language leamning journey. Instruments
focusing on such aspects would not only help researchers by
enabling greater understanding of FLE, but also provide a tool
for teachers to help create enjoyable experiences for their
learners.
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Appendix:

The Foreign Language Enjoyment Scale (FLES; Dewaele &
Maclintyre, 2014)

(Item numbers are those from Dewaele and Macintyre, 2016.)

Item

1 I can be creative in my English class..

© o RISEEOREERIC s V2454 7 @REN) 1k d
2 I can laugh off embarrassing mistakes in English.

TR LVRBENE LZRETh, BT C e atTE S
3 I don’t get bored in my English class.

T FAISEEORZECGRIET 5 Z & i
4 I enjoy studying English.

FANITGEEE RS 5 C L AL W

| feel as though I’m a different person during my English class.
5  FIEEOREERICE, ¥5TEI D LICEoZADESIC
&L 3
I leamnt to express myself better in English.

6 FAIPEECHSDIEA WS EREZOND X HIThoTz
7 I’m aworthy member of my English class.
T RIEEOREEIC A B LA Y A—TH B
8 I’ve leamt interesting things in my English class.
T FAISEEOREE IR T & REAT
9 In in my English class, | feel proud of my accomplishments..

FIIEEOBEEIC, BODSEK L 72 L 25D IS

| always feel like there’s a positive environment in my English class
10 Fhld SEEOBEEICIROb RV T 4 VBT B S £ 5

IS

It’s cool to know English.

1. BEEAAI T T L MR T L7
12 Studying English is fun.
C o SRR
13 Making errors is part of the learning process.
TOEbES T X, FRCHEWCHEL SO X7
14, My classmates are nice.
FAZVW T TR AL MICEERTH S
15 The teacher is encouraging.
TR wobBAPARBESATINS
16 The teacher is friendly..
CodekiR. vy R — Oy 72
17 The teacher is supportive.
TSk ELXOY LT NG
18 There is agood atmosphere in my English class.
| ROVEEOREEICIE, RWERESH
19, We form a tight group.

FhT= B DI N — IR 1535 5

We have common “legends”, such as running jokes.
20 FAEbiCiEoN—TOEEL R0 TR XS BRkE VD
Ya—rDX) b DHHET S
We laugh a lot in my English class.

2L Bz bid, IEEORETIC I ENDH S
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Living in the Disparities of Modern Britain
—Through the Writings of Mikako Brady—
by
Mikako FUJIOKA

(Received: October 26, 2023, Accepted: December 18, 2023)

Abstract

The Japanese writer, Mikako Brady, placed herself in the lower class of British society and has been debating social
inequality from the inside, from the perspective of a citizen. At the early stage of her stay in Britain, she was fascinated
with its welfare system and the resilience of the lower class. However, during her nearly 30 year stay in the U.K.,
she has seen the country undergo great changes: the shift in its "cradle to grave" welfare policies through Margaret
Thatcher's economic transformation, an increase in the number of unemployed, widening inequality, the Labor Party’s
policy of raising the lower class, the birth of left-wing governments in Europe which advocated anti-austerity and anti-
EU policies, Britain's exit from the EU, class fixation, and more. Through an analysis of Brady's writings, it appears
that her thoughts have become deeper and more political through these experiences. This is especially apparent after
her experience of working at a nursery in the poorest area of the country. She seems to be continuing her struggle
with the social problems using the power of words through her quest for the meaning of living in the lower class. It
seems that these fights and the quest have led to a certain resignation on her part, but also the recognition that her
place should be at the bottom of this disparity. She has come to understand that there still remains in people’s mind the
empathy to understand others and the spirit to survive adversity, which she finds attractive and precious.

Key Words : Intercultural understanding, Social disparities, British studies, Mikako Brady, Literature studies
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Measurement of Background Noise on Magnetic Stimulation Coil
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Abstract

Transcranial magnetic stimulation is a non-invasive technique that can directly stimulate the human brain. The effects
of magnetic stimulation are dependent on the stimulus frequency, number of stimuli, and stimulus strength. There is also
evidence that the intensity of the magnetic stimulus can modulate the effect of the stimulus frequency. Thus, investigating
the relationship between the magnetic stimulation strength and stimulus frequency is important for use of transcranial
magnetic stimulation in humans. However, background noise by the measurement system, such as from the cable, can make
it difficult to accurately measure magnetic stimulation strength. Therefore, we developed a method for measurement of
background noise during the measurement of magnetic stimulation intensity. Spherically, magnetic stimulation strength was
analyzed via the magnetic flux density using a dedicated probe. For magnetic stimulation, biphasic magnetic stimulation was
used with a pulse width of 320 ps. The stimuli were 10 pulses and 35% — 85% intensity. The measurement points were 19
mm above the stimulation coil, while the measurement range was +£50 mm in the long axis direction and +50 mm in the short
axis direction from the center of the stimulation coil. The mean magnetic flux density for each level of magnetic stimulation
was approximately 62 mT at 35% intensity, 64 mT at 45% intensity, 67 mT at 55% intensity, 70 mT at 65% intensity, 72 mT
at 75% intensity, and 75 mT at 85% intensity (all significantly different compared with the 35% intensity; p < 0.001). By
contrast, there were no differences in the magnetic flux density at the measurement points compared with the center of the
stimulation coil for each strength. These results suggest that background noise is independent of the measurement location at
19 mm above the stimulus coil for transcranial magnetic stimulation in the brain. This study showed that the background
noise during the measurement of magnetic flux density may be removed using a simple measurement device.

Key Words : Transcranial magnetic stimulation, Background noise, Magnetic flux density, Magnetic stimulation intensity

1 Introduction transcranial magnetic stimulation 7. For transcranial magnetic
stimulation, the stimulus localization can be regulated using a
Transcranial magnetic stimulation (TMS) is a non-invasive figure-of-eight coil, which has a stimulus resolution of
technique that can facilitate or inhibit the excitability of the approximately 5 mm & 9. Stimulus localization is useful for
human cerebral cortex 3. This modulation of excitability occurs clinical therapy and brain function research. Clinically,
via stimulation of the brain tissue by the eddy current. The transcranial magnetic stimulation is used to treat or alleviate
magnetic stimulation is not affected by the scalp, skull, or hair * symptoms of brain and psychiatric disorders, including in
4, In addition to magnetic stimulation, non-invasive brain Parkinson’s disease and depression *%). Furthermore,
stimulation methods have included the use of an electrical transcranial magnetic stimulation is used to examine higher brain
stimulator (e.g., transcranial electrical stimulation [TES]) 9. functions, such as sensory organs and language function (e.g., in
Although transcranial magnetic stimulation and TES were the visual cortex, somatosensory cortex, Broca’s area, and
reported to have similar effects in the motor cortex ¥, they have Wernicke’s area, and for memory) 419,
different mechanisms of action ©. Transcranial magnetic stimulation at the supra-motor
Importantly, transcranial magnetic stimulation provides threshold can be used to evoked facilitatory or inhibitory brain
painless stimulation because it is not affected by the high responses depending on the stimulation frequency. Generally, a
impedance of the scalp and skull. Furthermore, the localization low frequency stimulation at 1 Hz is considered to inhibit
of the cortical stimulus with TES is not as sharp as that with cerebral cortical excitability, while a high frequency stimulation

at 5 Hz facilitates cortical excitability 9. However, at the sub-

X Cis:;l;tl(:y Professor, Department of Human Information Engineering, Tokai motor threshold, low frequency stimulation at 1 Hz actually
"2 Assistant Professor, Faculty of Health Sciences, Nihon Institute of Medical  facilitated cerebral cortex excitability 2. These findings
Science suggest that the magnetic stimulation intensity can regulate the

*3 Associate Professor, Faculty of Health Sciences, Nihon Institute of Medical o ) ) o o
Science effects of magnetic stimulation on brain activity. Therefore, it is
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Figure 1. Experimental design. The study was designed to determine the magnetic flux density (background noise) detected by the twisted pair cable and lead-
out cable without a sensor coil. The distance between the source of the magnetism and the measuring system was separated by a long distance by the lead-out
cable. The tip of the twisted pair cable was short-circuited, and the opening surface connecting to the lead-out cable was parallel to the magnetic flux. The time
constant (t) of the integrator was t >320 ps (magnetic stimulation pulse width) to avoid the measurement error. A space of 19 mm was assumed for the presence
of the scalp, the skull, the cerebrospinal fluid, and a sensor for measuring the magnetic flux density 22

important to determine the detailed energy dynamics of
transcranial magnetic stimulation in the cerebral cortex to
understand the mechanisms underlying the effects of transcranial
magnetic stimulation.

However, there are very limited relevant studies because of
the difficulties in accurately measuring magnetic stimulation
strength caused by background noise introduced by the
measurement system (e.g., from the cables). In a prior study
using a magnetic flux density measurement at 75% TMS powver,
and a magnetic flux density at the center of the magnetic
stimulation coil of approximately 250 mT, the magnetic flux
density of the background noise was approximately 61 mT 2,
Thus, approximately 25% of the measured magnetic flux density
values were related to background noise. As such, it is important
to assess the contribution of background noise during
measurements of magnetic flux density measurement. The aim
of the present study was to assess the background noise
generated during the measurement of magnetic stimulation
intensity using a simple system that measures background noise
on the stimulation coil.

2 Methods

2.1 Experimental design

A schematic of the experimental design for measuring
background noise on a magnetic stimulation coil is shown in
Figure 1. Background noise was measured at 19 mm above the
magnetic stimulation coil 22, The magnetic flux density was
measured using a probe consisting of a twisted pair cable (cable
length: approximately 45 mm) and a lead-out cable (cable
length: approximately 4,800 mm). Polyurethane copper wire
(outer diameter of 0.6 mm) was used for the twisted pair cable.
An acrylic pipe (300 mm) was used to keep the cable straight.
The induced electromotive force (E) detected by the probe was
fed to the resistor-capacitor (RC) integrator in the measuring
system. The output voltage (Vo) passing through the buffer
amplifier was recorded by a digital oscilloscope (DS1054Z;
Rigol Technologies Co. Ltd, Suzhou, China). The RC integrator
consisted of a resistor (R; 4.217 kQ2) and a film capacitor (C;
0.09967 uF), which were measured by an inductance—
capacitance—resistance meter (LCR-1983; Mothertool Co., Ltd.,
Nagano, Japan) at 1 kHz. The magnetic flux density (B) was



Tetsuya TORII, Akiyoshi SHIROTO, Yukari OGAWA, Kenta SUZUKI and Aya SATO

85%
- 15%
—— 630
—a— 350,

139
—— 35%

Figure 2. Relationship between the
magnetic flux density (mean) and
measurement  position on the
stimulus coil. () The magnetic flux
density on the x-axis. (b) The
magnetic flux density on the y-axis.
The dashed line indicates the 0.0 mm
position in the center of the figure

|
) . v
w ] 1 —&-  85% 00
! —&—  T13%
i —&—  63%
| —m— 559,
[=) 1 =20 (=]
[ I —— 4504 7]
| —A—  35%
i~ i i~
— ! —
£ v ! =] vy
E = E -
o o
Z o £ o
=~ RN SO
5 5
-4 Wy | 1 -4 vy |
El =] S O
o o
1
I
o _| | = |
o ] o
|
|
i
i _| ! vy
W : u
T 1 17T 17T 17T 1T 17T T T T T
60 40 -20 0 20 40 60
x axis from center of the stimulus coil (mm)
(@
= o
x 7 < 7
o o
= =
= 4 S a4
= .=
] ]
S 3
td -~
5 2
2 o 2 o
=} = T c =~
g g
@ @
G -~
g2 wn g n
2 2
5 5
2 2
) ]
S z
n ] 2
wi i
r T T T T 1 r T
35 45 55 65 75 85 35 45
Magnstic stimulation intensity (%)
@

Magnetic stimulation intensity (%)

(&)

eight-shaped flat coil.
[ 1
-60  -40  -20 0 20 40 60
v axis from center of the stimulus coil (mm)
)]
g -
=
2
2
523
T T T 1 ‘ T T T T T 1
55 65 75 85 35 43 35 63 75 85

Magnetic stimulation intensity (%)
©

Figure 3. Relationship between magnetic flux density (mean + standard deviation) and magnetic stimulation intensity. (a) Mean + standard deviation of
the magnetic flux density on the x-axis on the stimulation coil. (b) Mean + standard deviation of the magnetic flux density on the y-axis on the stimulation coil.

(c) Mean + standard deviation of the x- and y-axes on the stimulation coil.

calculated using formula (1). S indicates the area of the sensor
coil. In this study, a one-turn (N = 1) sensor coil with a diameter
of 8 mm was assumed ©,

1
B=m (D

Measurement points of the background noise were placed
every 10 mm from the center of the stimulus coil to £ 50 mm on
each x- and y-axis. The measurement data were analyzed using
R (Welch t-test).

2.2 Transcranial magnetic stimulation
A super rapid stimulator (Magstim Co. Ltd, Whitland,
Carmarthenshire, UK) and a magnetic stimulation coil (P/N

4102-00; diameter of 70 mm; Magstim Co. Ltd) were used for
magnetic induction. Magnetism was generated by transcranial
magnetic stimulation with 10 pulses of a 320 ps pulse width. The
stimulation frequency was approximately 0.1 Hz, and the
magnetic intensity was 35%, 45%, 55%, 65%, 75%, and 85% of
the magnetic stimulator output.

3 Results

The mean values of the magnetic flux density on the x-axis
(@) and y-axis (b) of the figure-eight coil at each magnetic
stimulation intensity are shown in Figure 2. At the 0.0 mm
position (the intersection of the x- and y-axes), the magnetic flux
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density at 85% intensity was 74.646 = 3.611 mT, at 75% was
71.811 +3.282 mT, at 65% was 70.715 +2.989 mT, at 55% was
66.777 +3.011 mT, at 45% was 63.968 + 3.785 mT, and at 35%
was 62.655 + 1.651 mT. There were no differences in the
magnetic flux density of each measurement position compared
with the magnetic flux density at the 0.0 mm position for all
magnetic stimulation intensities on the x- or y axes.

The mean + standard deviation of the magnetic stimulation
intensity on the x-axis (a) and the y-axis (b) are shown in Figure
3. For the x-axis, the magnetic flux density was 75.038 + 4.221
mT at 85% intensity, 72.040 £ 3.567 mT at 75% intensity, 70.735
+3.715mT at 65% intensity, 67.386 + 3.176 mT at 55% intensity,
64.094 + 2.941 mT at 45% intensity, and 62.050 + 3.102 mT at
35% intensity. By contrast, for the y-axis the magnetic flux
density was 73.980 + 3.864 mT at 85% intensity, 71.955 +4.375
mT at 75% intensity, 69.825 + 3.078 mT at 65% intensity, 67.372
+3.238 mT at 55% intensity, 64.046 £ 3.211 mT at 45% intensity,
and 62.171 + 3.097 mT at 35% intensity. There was a significant
different in the magnetic flux density compared with 35% of
magnetic stimulation intensity for each the x- and y-axis (p <
0.001). However, there were no differences in the magnetic flux
density of x-axis and y-axis, except for at 65% intensity (vs. 35%:
p=0.7727,45%: p =0.9068, 55%: p = 0.9734, 65%: p = 0.0490,
75%: p = 0.8745, 85%: p = 0.0540). The overall (x-axis and y-
axis) mean * standard deviation each magnetic stimulation
intensity is shown in Figure 3(c). The mean magnetic flux
density was 74.495 +4.131 mT at 85% intensity, 72.017 + 4.059
mT at 75% intensity, 70.236 + 3.485 mT at 65% intensity, 67.439
+3.226 mT at 55% intensity, 64.080 £ 3.015 mT at 45% intensity,
and 62.056 + 3.201 mT at 35% intensity. There was a significant
difference in the mean magnetic flux density compared with that
at 35% intensity (p < 0.001).

4 Discussion

Previous studies have used a probe to measure the magnetic
flux density on the stimulus coil during transcranial magnetic
stimulation. This probe consists of a one-turn sensor coail, a
twisted pair line, and a lead-out cable. These measured values
also include the magnetic flux density (background noise)
detected by the twisted pair cable and the lead-out cable %,
However, this background noise affects the accuracy of the
magnetic flux density measurement. Thus, in the present study,
we developed a simple measurement system to subtract the
background noise generated by transcranial magnetic
stimulation.

The magnetic flux density is modulated by different
measurement positions on the figure-eight flat coil 2. Therefore,
we predicted that the background noise value would depend on
the measurement position on the stimulus coil. \We found that the
magnetic flux density of the background noise was reduced by
low intensities of magnetic stimulation. Specifically, background
noise decreased by approximately 5% at magnetic stimulation
intensities of 75% and 65%, by 10% at 55% intensity, and by
approximately 15% at 45% and 35% intensities when compared
with 85% magnetic stimulation intensity. Thus, the background
noise value depended on the magnetic stimulation strength.
However, these results suggest that for each strength, the
background noise value remains constant regardless of the
measurement position, such as on the x-axis or the y-axis. Note
that there was a significant difference in background noise
between the x- and y-axes at 65% intensity, which may be due to
measurement error.

It was previously reported that the subtraction process
requires an off-line measurement to measure the magnetic flux
density and background noise 2. The present findings suggest
that the magnetic flux density at the center position on stimulus
coil and background noise at far from center position on stimulus
coil can be measured simultaneously. Thus, the measurement
position of the background noise does not have to be the same as
that for the sensor coil. Nevertheless, simultaneous measurement
can cause interference between the two probes. As such,
measurement of the magnitude of each effect is required.

5  Conclusion

We investigated the background noise generated during
measurement of magnetic flux density using a sensor coil. The
background noise was detected using a twisted pair line and a
lead-out cable, without a sensor coil. Therefore, we utilized a
dedicated probe to evaluate the background noise on the
stimulation coil during transcranial magnetic stimulation. \We
found that the background noise value was dependent on the
magnetic stimulation strength, but not the measurement position.
This may help solve the problem of background noise during the
measurement of magnetic flux density.
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Abstract

In recent years, the technology of portable devices has advanced remarkably, and in designing circuits for portable
devices, circuits with low power consumption, fast operation speed, and small circuit area are required. One of
the important circuits included in these computer architectures is a digital comparator, but if it is configured with
conventional CMOS technology, it requires a large number of transistors, which adversely affects power consumption,
operating speed, and circuit area. Some studies have realized a digital comparator with fewer transistors, but the
problem is that the circuit operation becomes unstable. In this paper, we propose a digital comparator using a neuron
CMOS with FGC function as a circuit element. As a result of using neuron CMOS, this circuit can realize a digital
comparator with a much smaller number of transistors, and it operates stably by using the calibration function. The
proposed circuit was verified to achieve the desired behavior by HSPICE simulation using SPICE parameters for
OnsemiSanyo Semiconductor Manufacturing's 0.8-um CMOS process.

Key Words : Neuron CMOS, Portable device, Comparator, Integrated-circuit, Calibration
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Abstract
Assuming that there are plural dependent statistics and their joint probability density function is known, we arrange
them in order of a size of value. In this study, we derive the explicit formulae of the probability density function of
two statistics among the ordered statistics. Then, we derive the probability density function of the range of ordered

statistics and discuss its applications.

Key Words : All-pairwise comparison, Critical value, Multiple comparison with a control, Range of ordered statistics

1. Introduction

Assume there are plural statistics Sy, S,,*, Sk. Arranging

them in order of a size of value, assume

Sy =S = = Sy
Sy S(2)***» Sty are called the ordered statistics. When S,
S,,++, Sk are independent and are distributed according to a
same probability distribution, the explicit formula of the joint
probability density function of S;y and Sgp,y for 1 <1 <
m < K isknown. However, when S;, S,,+, Sx are
dependent, the explicit formula of that is not found. Imada
(2022) derived that for dependent S;, S,,--+, S ina certain
case.

In this study, under the assumption that S;, S,,--:, Sk are
dependent and their joint probability density function f (s,
Sy, Sg) 1s known, we derive the explicit formula of the
joint probability density function of Sy and S,y for 1 <
[ < m < K. Then, we derive the probability density function
of Ry, my = Samy — S(1y» Which is the range of the ordered
statistics

Sy < Sas) < - < Somy-

Furthermore, we discuss its applications.

2. Joint probability density function of Sy and S, for
1<l<m<K

‘We determine the joint probability density function

* Professor , Department of Human Information Engineering, Tokai University

hwy,mm) (S Semy) of Sy and Sy for 1<l <m <K.

Since

ha, o) (Swy Sem))

2
=—P(Sp < s, Sy < S )
as(l)as(m) ( O] @y°2m) (m))

we derive the explicit formula of

02

—————P(Suy < 50, Stm) < Sm))-
350,050m) (Sw < 5w Somy < 56m)

Assume dsgy # 0,ds(y,) # 0. Letting

Gay,em) (S(ty» Sam))
= P(Su) < 5@y + ds@y, Semy < Sem))

—P(Sw < 50y Semy < S(my),

we obtain

X

hay,am) (S@y Semy)

lim
dS(l)—VO,dS(m)—%)

Gay,m) (S Samy + dSmy) = Gy, emy (S Semy)
dS(l)dS(m)
Assume dsgy > 0,ds(,) > 0.Then

. (21)

Gay,m)(S@y Semy + dSamy) = Gy, omy (S Samy)
= P(S(l) < S(l) < S + dS(l),

Sem) < Semy = Sam) + dSom)
=P(Sw <sw.Sa-n = Sw»
Sw = Sw =S * dsay,Sw T dswy = Sas1y = Samy,
“ns@ S S Sem-1) < Semy»
S(m) = Stm) = S(m) + dSmy» Sem) + dS(m) =< Sem 1),
<, Sy T dsmmy < Si))
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@1+91-1)491, @141 Gm-1).9m(@m+1.4K)
X P(Sq, <SSy Sq, S Sy
Sw =S s tdswy, s+ dsw = Sqp, < Smy
SSw Fdsqy < Sqy < Semy
Sm) < Sqm < Sam) T dSm), Semy T ASamy < Sgmirr

. ,S(m) + dS(m) < SCII()

“q1-1).91, 1+ 1 9m-1)9m@m+1,9K)

fsa) fsa) fS(z)ﬂiS(z) fS(m) fS(no
S S

() *asq *as

f5(m)+d5(m) fw foo
s s

S(m) (m)Fds(m) (m)Fds(m)

f(Sl’ S5m0, SK)dSql o

© ASqy,_y ASqy, ASqy .+ ASqx-

dSﬁIl—1 dS‘IldS‘IHl

Here, the summation is taken for all sorts of decompositions

(ql' Y ql—l)l ql,(ql+1! Tt qm—l): qm., (qm+1l ] K)
of (1,2,--+, K). Therefore, we obtain

lim
dS(l)—>+0,dS(m)—>+0

0¥ (5@ Samy + d5(my) = Gy, am) (S S(my)
dS(l)dS(m)

q1-1).91,(1+19m—-1).9m (@m+1.

[ I

N0, SO TS0
f(Sla .“rs(l)a'”as(m);”'; SK)dSql oo
gy ASqyy,  ASqy-
Here f(s1, =, Sqy»**sS@my, =+ Sk is obtained by
substituting s(;y and S, into g;th component and

ds‘?l—1 ds‘?l+1

qmth componentof f(s;, S3,+*, Sk). The above derivation is
similar when

dxqy >0, dx(m) <0,

dxgy <0,dxgmy >0
or

dxgy < 0,dxem <O0.

Therefore, we obtain

ha,am)(Say Samy)

~q1-1),491,(q1+1 5 9m—-1).9m,(Am+1,

[ I f

S0 S0

f(51’ '”!S(l)"”:'s(m)'“" SK)dSql vee

; dsﬂm—1 dsﬂm+1 dSCIK'

dsQl—1 ds‘ll+1

3. Explicit formulae of probability density function of
Rayomy = Samy = Sy

We derived Ay im) (s(l), s(m)) in Section 2. Then, the
probability density function of Ry (m) = Simy — Sqry 18
given by

9T w,m) = I hw.m (5w ro.m +sw) dsw.
If I=1m=K , the probability density function of
Ry, = Sy — Sy s givenby

(o)
ITw.w) = I hayao (Say Ty + 5@) dsq)y-

4. Applications
4.1. Determination of critical value of all-pairwise multiple

comparison for normal means

Assume there are K normal populations N(u;,c2),

N(#Z! 0-2) [
multiple comparison for py, 1y, *+, Uk . Specifically, we set up

, N(ug,0?%). We consider the all-pairwise

anull hypothesis and its alternative hypothesis as

Hyjipg = py vs. HiY: gy # @1
for 1 <i<j<K and consider the simultaneous test for
them. Let Xpq1, Xp2,es

for k=1,2,---,K.Let

1 Nk K
Xk=—Zin (k: 1,2,"',K),N:an,
3= =1

K Tk

1 _
s = ;Z Z(in — X3)?
=1 =1

where v = N — K. Tukey (1953) used a statistic

_ X=X
IS A

X, be a sample from N (i, 0%)

for testing (4.1). Specifying the critical value ¢ for testing
hypotheses (4.1),if S; ; > ¢, wereject H; ;. Otherwise we
retain H; ;. We determine the critical value ¢ so that

P( max S; ; >c)—a
1<i<j<K
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for a specified significance level a. Here, P(-) isthe
probability measure under the assumption that all H; ;s are
true. Ifall H; s are true, we canassume py = [ =
Ug = 0 without loss of generality. If ny =n, = -+ =
ng =n,

P (1 <rln<%><<K Si; > c)

is formulated. Specifically,

P( max Sl]>c)

1<i<j<K

=1—P< max S; <c>

1sicj<k “H =

\f(xk %)

>;

=1- P [
k=1

<cfori+k

=1- Kf [f_ {dD(Z) - (D(Z - \/fcso)}K_qu)(z)dz

X g(so)dsy.
Here ®(z) is the cumulative distribution function of
N(0,1), ¢(z) is the probability density function of N (0,1)
and g(sy) isthe probability density function of s, = s/0
given by

Y/2 2

9(so) = Z(W;fTwsow_leXp [— %]
On the other hand, let
VnXy
s

for 1 <i<j<K. (S, Sy Sg)' isdistributed

accordingto K -variate t-distribution with v degrees of

k=

freedom and covariance matrix I. Here I is K-
dimensional unit matrix. Arranging statistics S;, S,,, S in
order of a size of value, assume
Sy =S < = Sy

Letting R1),x) = Sx) — S(1)» We obtain

P (1<Lm<a}><(K Sij > c) = P(Ray,w) > \/Ec)
Letting g(7(1),(x)) be the probability density function of
R(1),(k), We obtain

P(Rayw) > V2¢) = ff 9 @),a0)A T 1),10)-
2c

Specifically, the critical value ¢ of all-pairwise multiple
comparison for a specified significance level can be obtained by
the probability density function of Rqy (k).

4.2. Critical value of multiple comparison with a control for

normal means

We consider the multiple comparison with a control for

comparing p; with p,, -+, g simultaneouly. Here, we

assume
M1 = [y
for k = 2,3,:--, K inadvance of the test. We set up a null
hypothesis and its alternative hypothesis as
Hyg:py = g vs. Hiyvpg > (42)
for k = 2,3,:-+, K and consider the simultaneous test for
them. Dunnett (1955) used a statistic

for testing (4.2). Specifying the critical value ¢ for testing
hypotheses (4.2),if S;; > ¢, wereject H, ;. Otherwise we
retain H, ;. We determine the critical value ¢ so that

P (i:rznf?,(,KSLi > C) = a.
Here
P (i_max Sy > c)

can be formulated. Specifically, letting
n;

A i
L n, + ni'
we obtain

P(, max S;; > c)
i=23,K

= 1—P(, max S;; < c)
i=2,3,K

<cfori=23-,K

fori =2,3,-,K)

—1-2 f f ) (11; )qb(z)g(so)dzdso.

On the other hand, (S 2,S73,*+,S1 k) is distributed
accordingto K — 1 -variate t-distribution with v degrees of
freedom and covariance matrix (,/A;;4, ;). Arranging

statistics Sy ,S13,°**,S1x inorder of a size of value, assume
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5(1) < S(z) <--< S(K—l)-
Lettll’lg R(l),(K—l) = S(K—l) - 5(1),W€ Obtaln

P (i:IZI:IE}a,-)-(-,K Sl,i > C) = P(R(l),(K—l) > C)

Letting g (r(1)k-1)) be the probability density function of
R(1), (k1) We obtain

P(Rayk-1) > ¢€) = f 9(r@),w-1)d 1), k-1)-
C

Specifically, the critical value ¢ of multiple comparison with a
control for a specified significance level can be obtained by
the probability density function of R(qy x—1)-

5. Conclusions

In this study, we discussed the joint probability density function
of the ordered statistics constructed from plural dependent
statistics. Specifically, we derived the probability density
function of two statistics among the ordered statistics. Then, we
derived the probability density function of the range of ordered
statistics and applied it to determining the critical values of the
all-pairwise multiple comparison procedure and the multiple
comparison procedure with a control for normal means.
However, there remain some problems to be solved in the
future. We should clarify the advantage of determination of the
critical values of the multiple comparison procedures by using
the probability density function of the range of ordered
statistics. Furthermore, we want to apply the probability density
function of the range of ordered statistics to constructing more

powerful stepwise multiple comparison procedures.
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Experimental Study of Time Perception Using EEG
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Abstract
The authors conducted experiments on healthy participants with the aim of clarifying the relationship between
subjective sense of the passage of time and EEG. As a result of analyzing the frequency spectrum structure of EEG
when the elapsed time shown in the experiment was overestimated and underestimated, a difference was observed in
the peak frequency of the alpha wave band in the occipital region.
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A Study on Qualitative Evaluation of Visual Field
Using Steady State Visual Evoked Potentials
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Abstract

The authors are conducting research on visual field measurement using SSVEP. We conducted an experiment using
VR goggles to stabilize the position of visual stimuli. As a result of experiments with healthy participants, it was found
that the SSVEP response tended to be suppressed as the visual field moved from the center to the periphery. However,
a characteristically strong reaction was also observed in the peripheral visual field. We discussed the problems in

applying the results of this study to visual field measurement.

Key Words : EEG, SSVEP, Visual field
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