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Abstract
This study investigated the influence of communication apprehension and anxiety in second-language (L2)
learning on oral performance of Japanese university students in terms of F0 (fundamental frequency) analysis.
The participants were English-major students (3 males and 6 females) who presented at an oral communication
festival for university students. The F0 analysis consisted of a mean F0 and F0 range. The participants’
utterances were digitized and analysed with Praat. Participants also completed two structured closed-ended
questionnaires: a Personal Report of Communication Apprehension (PRCA) and a Foreign Language Classroom
Anxiety Scale (FLCAS). One subscale of PRCA is Speech Anxiety (SA) that measures apprehension in public
speaking. Acoustic analysis of F0 was conducted of the utterances provided by the students and their F0 data
during rehearsal and the actual performance settings. The results revealed a significant difference in mean F0
between the rehearsal and actual performance. Mean F0 was significantly correlated with SA. These results
suggest that students tend to show higher speech anxiety during an actual performance setting that is also
reflected by a higher speaking F0.
Keywords: F0 analysis, communication apprehension, L2 anxiety, oral performance
1. Introduction
Japanese university students have higher communication apprehension than other Asian peers (Klopf & Cambra,
1979) and students with higher communication apprehension were reported to have higher L2 learning anxiety
(Nakamura et al., 2013). English education in Japan places considerable emphasis on improving speaking fluency
of students and are planning to include a speaking test as part of the entrance examination to university. In spite of
the government-led English language teaching that started in the 1990s, the mean TOEFL speaking scores of
Japanese students have lagged behind many other Asian countries for years (Educational Testing Service, 2017).
As a consequence of needing to improve English communication skills in English, students who have
communication apprehension often feel discouraged to participate in speaking activities. With increased attention
to affective factors including communication apprehension and anxiety, researchers in Japan have examined the
influence of anxiety on L2 learning (Asano, 2003; Fujii & Fujisawa, 2014; Koizumi, 2004; Norman, 2012; Osuboe
et al., 2007; Yashima, 2004). Horwitz, Howitz and Cope (1986) reported that among the four L2 skills (reading,
writing, speaking & listening), speaking yields the highest foreign language anxiety. Accordingly, fear of speaking
English could be a major obstacle to improving overall English proficiency.
The present study aims to examine the effects of communication apprehension and L2 learning anxiety on oral
presentation as reflected acoustically in the speaker’s vocal fundamental frequency (F0). Previous acoustic studies
on anxiety of speaking (Jones et al., 2011; Laukka et al., 2008) of non-Asian speakers have indicated that elevated
anxiety is reflected by a corresponding increase in mean F0. The purpose of the current study was to explore
whether a similar pattern of vocal F0 was evident in Japanese university students. That is, is there a relationship
between an individual’s communication apprehension for L2 learning and his/her corresponding F0? Acoustic
measurements were taken from the recording of oral performance and correlated with the scores of scales on
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communication apprehension (Personal Report of Communication Apprehension) and L2 anxiety (Foreign
Language Classroom Anxiety Scale).
2. Communication Apprehension and L2 Language Anxiety
Not many Japanese people who have learned English as a second language (L2) become fluent speakers of English.
One of the limiting factors for this finding is that they exhibit fear or anxiety of communicating orally with other
people. A number of authors have attempted to examine the impact of anxiety in both native language (L1) and L2
learning. The research on L1 anxiety has been conducted under the labels of communication apprehension (CA) or
shyness (Crozier & Hosteeler, 2003; Daly & McCroskey, 1984; McCroskey, 1977). McCroskey (1977) pointed
out that the apprehensive person not only feels nervous in public speaking situations, but also experiences
nervousness when talking to a peer or participating in a group.
A number of studies on L2 language anxiety have accumulated since the 1980s and the negative effect of anxiety
on L2 learning has been widely reported (Aida, 1994; Al-Shboul et al., 2013; Clement et al., 1994; Gardner &
MacIntyre, 1993; Horwitz et al., 1986; MacIntyre & Gardner, 1991, 1994; Osboe et al., 2007). Language anxiety,
a situation-specific apprehension generated in L2 learning, has been shown to correlate more negatively with L2
achievement than attitude and motivation (Al-Shboul et al., 2013; Gardner & MacIntyre, 1993). It has been also
reported that L2 speaking is more anxiety-provoking than L1 speaking (Horwitz et al., 1986; MacIntyre & Gardner,
1991).
Most of the studies on anxiety both in L1 and L2 are based mainly on survey results with scales to measure
variables concerning affective characteristics. One of the scales commonly used to assess communication
apprehension is the Personal Report of Communication Apprehension (PRCA) developed by McCroskey (1970).
The instument uses a 5-point Likert scale and includes 24 questions that are categorized into four different
situations: group discussions, meetings, dyads, and public speaking. According to Kondo and Yong (1995), among
the four situations, public speaking could cause the highest apprehension both in L1 and L2. The subscale for
communication apprehension in public speaking is speech anxiety (SA).
The Foreign Language Classroom Anxiety Scale (FLCAS) developed by Howitz et al. (1986) has been mainly
used to measure the amount of anxiety that students may experience in learning L2. This scale has 33 items scored
on a 5-point Likert scale. Based on the results provided by FLCAS, researchers identified a significant inverse
relationship between L2 anxiety and oral proficiency (Phillips, 1992). Phillips (1992) investigated the effect of
language anxiety on L2 proficiency in university students and found a significant inverse relationship between
their language anxiety and ability to perform on oral exams.
In the early stage of research on L2 language anxiety, most of the studies that were conducted focused on
Western languages (Ali, 2016). Aida (1994) in particular emphasized the importance of including non-Western
languages to explore the negative effect of anxiety on L2 learning. As Al-Shboul et al. (2013) reviewed in their
study, there have been more research available regarding inverse negative effect of L2 learning anxiety on oral
proficiency among Asian students (Lu & Liu, 2011; Park & Lee, 2005). More recently, Ali (2017) included the
scale on delivering a presentation in English to measure speaking anxiety among university students in Egypt.
Regarding Japanese university students, Norman (2012) conducted a survey to compare shyness in L1 and L2 and
indicated that 85% of respondents regarded themselves as being shy as a personal trait. In addition, 93% of those
students answered “they are shy” when they speak English in the classroom. This study suggested that L1 anxiety
could affect L2 speaking skills. Nakamura et al. (2013) carried out a cross-cultural study on communication
apprehension and L2 anxiety among Japanese, Taiwanese, and Korean university students. The instrument used in
this study was the Erikson S-24 Scale of Communication Attitudes (Andrew & Cutler, 1976), which was originally
developed to measure apprehension in individuals who stutter. The results demonstrated that Japanese students
had significantly higher communication apprehension than Korean and Taiwanese students. This result is
consistent with the previous study reported by Klop and Cambra (1979). Nakamura et al. (2013) also reported that
communication apprehension and L2 anxiety were significantly correlated.
According to previous studies, the high communication apprehension of Japanese students seems to impede the
development of their English speaking skills. To explore whether the anxiety both in L1 and L2 was evident in
their speech production, acoustic measurements of F0 were performed. Most studies on communication
apprehension and L2 language anxiety are based primarily on the results of questionnaires, and the number of
acoustic studies is limited. Laukka et al. (2008) investigated acoustic correlates of anxiety with the speech of
Swedish people with social phobia and found that the values of mean F0 and maximum F0 were higher in an
anxiety provoking situation. A similar finding was obtained by Jones et al. (2011) for Greek participants and
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reported an increase in mean F0 and reduction in the F0 range. However, a study by Tolkmitt and Scherer (1986)
for German speakers found no increase in mean F0, but an increase in minimum F0.
The purpose of the present study was to compare the F0 characteristics of speech produced by Japanese university
students between their rehearsal and the actual speaking performance and examine the influence of affective
factors on F0 values.
The following research questions were posed:
RQ1: Are mean F0 and F0 range in the utterances of Japanese university students different between the rehearsal
and the actual performance?
RQ2: Is there any relationship between F0 and corresponding scores of PRCA, FLCAS, and SA?
3. Methods
3.1 Participants and Procedures
Nine English major students (3 males & 6 females) aged 20 to 22 participated in an oral communication festival
including the rehearsal held on the same day. Four (M1, F1, F2, F3) students presented a recitation (Performance
1). Five (M2, M3, F4, F5, F6) students performed a drama (Performance 2). Each partitipant’s performance was
video recorded on two separate occasions. The first occasion was during rehearsals which were held in the
morning. The second occasion was during the actual performances held in the afternoon. Three consecutive
phrases of speech were audio recorded from each participant during the rehearsal and actual performance. The
content of the phrases differed for each participant. An average number of five words comprised each phrase. The
same samples of speech were analysed for the rehearsal and the actual performance. A pair of vertical cursors were
placed at the onset and offset point of the samples using Praat (version: 6.1.08), computer software for speech
analysis in phonetics. The software automatically calculated the overall mean F0, minimum F0, and maximum F0
for the sample. Each F0 range was calculated in Excel. Three days following the performances, each participant
was asked to complete the questionnaires on communication apprehension (PRCA: Personal Report of
Communication Apprehension) and L2 learning anxiety (FLCAS: Foreign Language Classroom Anxiety Scale).
Both of the scales were the Japanese versions and 24 items out of the original 33 items were used for FLCAS to
match the number of PRCA. Speech Anxiety (SA), one of the subscales of PRCA, was also calculated. The speech
samples in this study were obtained from the oral performance in public. The possible range of score is 24-120 for
PRCA and FLACAS and 6-30 for SA.
3.2 Measurement Reliability
In order to evaluate the intra-judge reliability for measurement of F0, a total of 20% of the original audio
recordings were selected for reanalysis by the first author. The average difference between the initial
measurments and the re-measured samples was 3.5 Hz (SD = 5.43). The Speaman’s rank correlation computed
for the first and second measurements of F0 indicated a significant relationship (r = 0.98; p < .001). Inter-judge
measurement reliability was also determined by using the same (20%) sample of the original recordings. An
individual who possessed extensive experience with acoustic analysis techniques was recruited to undertake an
analysis of the samples. The results of this analysis were then compared to the initial analyses of the first author.
The resultant measurement difference was 6.7 Hz (SD = 7.71). The Speaman’s rank correlation coefficient for
inter-judge measurement of F0 was significant (r = 0.97; p < .001).
4. Results
The total number of phrases anlayzed for mean F0, minimum F0, maximum F0 and F0 range was 27 (3
phrases×9 students). The results are reported in three sections. The first section provides an analysis of differences
in mean F0, minimum F0, maximum F0 and F0 range between the rehearsal and the actual performance. The
second section shows the correlation between affective factors and F0 values. The third section indicated the
scores for FLCAS, PRCA, and SA of each participant and its corresponding mean F0 values at the rehearsal and
the actual performance.
Mean F0
The mean F0 value for the rehearsal and the actual performance was 264 Hz (SD = 83 Hz) and 311 Hz (SD = 95
Hz), respectively. The Wilcoxon rank sum test was used to examine the difference and the results showed that the
mean F0 values were significantly higher at the actual performance than the rehearsal (z = 2.21, p = 0.02).
Minimum F0
The minimum F0 value for the rehearsal and the actual performance was 150 Hz (SD = 74 Hz) and 177 Hz (SD =
89 Hz), respectively. Results of a Wilcoxon rank sum test was used to examine the difference in F0 between the
rehearsal and the actual performance. The test was significant indicating a higher minimum F0 during the actual
performance compared to the rehearsal (z = 1.96, p = 0.049).
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Maximum F0
The maximum F0 value for the rehearsal and the actual performance was 395 Hz (SD = 129 Hz) and 426 Hz (SD =
102 Hz), respectively. Results of a Wilcoxon test approached significance (z = 1.85, p = 0.0643).
F0 Range
The F0 range value for the rehearsal and the actual performance was 253 Hz (SD = 111 Hz) and 242 Hz (SD = 143
Hz), respectively. Results of a Wilcoxon rank sum test showed no significant difference (z = 0.29, p = 0.7731).
The group F0 data for the rehearsal and the actual performances are provided in Figure 1.
(Hz)
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300
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0
Mean F0

Minimum F0
Rehearsal

Maximun F0

F0 Range

Actual Performance

Figure 1. Mean fundamental frequency (F0), Minimum F0, Maximum F0, and F0 range for the group of
participants during rehearsal and actual oral performance
Affective Factors and F0 Values
A series of Speaman’s rank correlations were performed between F0 values and each score for PRCA, SA, and
FLCAS. Table 1 shows the results of the various correlations. A significant positive correlation was found
between mean F0 and SA (r = .40; p = .367) and a marginally significant correlation was obtained between F0
range and SA (r = .32; p = .1033)
Table 1. Speaman’s Rank Correlations for F0 values and PRCA, SA, and FLCAS scores
Scale
PRCA
SA
FLCAS

Mean F0
.23
.40*
-.14

Minimum F0
.01
.06
-.03

Maximun F0
-.01
-.11
-.11

F0 Range
.03
.32
.18

Note. * p < .05
As shown in Table 1, mean F0 is significantly correlated with the SA scores. In order to examine the relationship
between affective factors and mean F0 values more closely, the scores for FLCAS, PRCA, and SA of each
participant and its corresponding mean F0 values are indicated repectively for Performance 1 and Peformance 2
in Figue 2 and Figure 3.

Figure 2. Scores for PRCA, SA & FLCAS and Mean fundamental frequency (F0) for each participant during
rehearsal and actual performance (Performance 1)
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Figure 3. Scores for PRCA, SA & FLCAS and Mean fundamental frequency (F0) for each participant during
rehearsal and actual performance (Performance 2)
5. Discussion
The results of this study offer a further demonstration that affective factors could influence oral performance as
revealed by an increase in vocal F0. Previous studies exhibited that anxiety increased mean F0 and maximum F0
(Laukka et al., 2008), and showed an increase in mean F0 and a decrease in F0 range (Jones et al., 2011). On the
other hand, one study reported no increase in mean F0, but an increase in minimum F0 (Tolkmitt & Scherer, 1986).
The first research question addressed the change of mean F0 and F0 range between the rehearsal and the actual
performance. The present study supports the earlier results of Laukka et al. (2008) and Jones et al. (2011) who
found an increase in mean F0. The current study also found minimum F0 value to be significantly higher in the
actual performance compared to the rehearsal. This result is consonant with Tolkmitt and Scherer (1986). On the
other hand, F0 range values were almost the same, or slightly lower in the actual performance, which is consistent
with the result of Jones et al. (2011). The possible question that could arise from this finding is whether participants
raised their F0 because they became nervous or they wanted to outwardly express more emotion during the actual
performance. Students might speak with more prosodic inflection in their voice during an actual performance,
which could serve to raise their mean F0. However, if we consider the results that not only mean F0 values, but also
both minimum and maximum F0 values tend to be higher with almost no change of F0 range, it would be possible
to regard higher F0 as the consequence of nervousness caused by anxiety during the actual performance.
The second research question explored the relationship between F0 values and the scores of FLCAS, PRCA, and
SA, respectively. As shown Figure 2 and Figure 3, mean F0 values were higher at the actual performance than the
rehearsal for seven participants; only two participants whose PRCA scores were relatively low showed almost the
same F0 values at the both settings (M3) and even lower F0 value at the actual performance (F2). In this study, a
significant correlation was solely found between mean F0 and F0 range with SA, which indicates anxiety
associated with speaking in public. This shows that students who have higher SA tend to speak with a wider F0
range. This result is not consistent with Jones et al. (2011). These results possibly suggest that higher minimum F0
values for students with higher speech anxiety in the actual performance lead to higher mean F0 value, but the
change in maximum F0 in the actual performance could be different among participants with different levels of
speech anxiety. This could explain why there was no difference in F0 range value between the rehearsal and the
actual speaking performance. Considering the negative correlations between maximum F0 and SA, it seems that
higher anxiety inhibits more intonation with emotion.
It has been long recognized that Japanese speak English with flat intonation (Yamane, 2019). Yabuuchi and Satoi
(2001) reported that students who spoke with a wider F0 range showed higher intelligibility and more naturalness
in English according to the judgement of native speakers. In order to improve the skills associated with prosodic
features of English, making more use of drama-syle performances in an English classroom should be encournaged.
The enjoyment of performing a drama is expected to reduce L2 speking anxiety.
In summary, the present study provided evidence that speaking anxiety could affect L2 oral performance as
reflected by an increase in vocal F0. This increase in mean F0 is likely to be reflective of nervousness that students
feel when they are required to vocally perform. This study possibly indicated that acoustic measures could be used
to explore the effect of affective factors on L2 learning. Since oral performance is now a common speaking
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component of English learning for Japanese students, more considerations for affective factors might be needed in
communication-based English classes.
Finally, a word of causion is warranted regrading the influence of anxiety on vocal F0. We recognize that the
number of participants and speech samples obtained were small and thus the F0 results in this study should be
considered preliminary. For further research, a longitudinal acoustic study on speaking anxiety in the English
classroom could be conducted to evaluate the improvement of prosodic features of English as well as the effect
of affective factors on L2 learning among Japanese students.
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