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ABSTRACT

In this work we set out to investigate the fundamental frequency
boundaries of perception of the Taiwanese long tones.  We are
interested in how the variations in fundamental frequency affect
the perception of linguistic tones in Taiwanese speech.  Our
investigation is adopted from similar studies of tones in
Mandarin speech.  As opposed to Mandarin tones that can be
perceived with little difficulty the seven Taiwanese tones have a
more subtle structure and are consequently harder to perceive
successfully.  The experimental results in this paper allow us to
quantify these perceptual boundaries.  The experiments
consisted of a perception test involving over 150 Taiwanese
subjects where the task involved identifying the tone of the
words played back in a random sequence.  The stimuli consisted
of a set of tone pairs and  a selection  of intermediate tone
words obtained by linearly interpolating between the words of
the tone pairs.

1. INTRODUCTION

Taiwanese (or Hokkien and Fukienese) is an ancient Chinese
dialect originating from the Fujian province in the southeast of
China.  It is widely spoken in Taiwan although for political
reasons Mandarin is the official language of Taiwan.
Taiwanese is mutually unintelligible from Mandarin and
consequently there are linguistic barriers within the Taiwanese
society.

1.1. Tone languages

In common with many ancient Asian tongues such as Thai,
Cantonese and Mandarin, Taiwanese is a tone language, where
the interpretation of an utterance depends on the tone  or
fundamental frequency contours applied to the utterance.
Taiwanese has seven tones, where there are two level tones,
four falling tones  and one falling-rising tone.  The tones are
classified into two main groups according to the syllable
endings.  Syllables ending in voiceless stops [p, t, k, ?] ( i.e.
‘checked’ syllables) are known as 'entering’ or ‘short’ tones.
All others (i.e. ‘free’ syllables) are referred to as ‘non-entering’
or ‘long’  tones [1], [2], [3], [4], [5].  We adopt the latter terms
to refer to the Taiwanese tonal inventories, namely the ‘long’
and ‘short’ tones.  In this paper our primary interest is in the
perception of fundamental frequency, so the two short tones
will not be included, as it has been found that fundamental
frequency is not the primary cue in perceiving the short tones
([9]).  We will therefore only consider the five long tones: the
high level tone t1, high falling tone t2, mid falling tone t3,
falling-rising tone t5 and mid level tone t7.  The understanding

of the linguistic tones is an essential pre-requisite for the
successful implementation of automatic Taiwanese speech
recognition systems.

1.2. Perception of Taiwanese tones

Most documented work into Chinese languages focuses on
standard Mandarin Chinese (e.g. [6]).  Although, some work
has been reported on the study of Taiwanese tones, most of this
research is based on impressionistic evaluations of the tones.
Only a few papers report results based on actual acoustic
measurements.  Experiments investigating the perception of
Taiwanese tones have been limited to the verification of the
fundamental frequency as the main cue for long tones [7], and
the effects of coarticulation on tones [8].

In this work we set out to investigate the frequency boundaries
of perception of the Taiwanese long tones and how the
variations in fundamental frequency affect the perception of
linguistic tones in Taiwanese speech.  Our experiment is
adapted from similar work carried out on tones in Mandarin
speech [10].

The remainder of this paper is organised as follows:  In section
2 the perceptual experiment is described, followed by the results
in section 3.  The results are discussed in section 4 and the
paper is summarised in section 5.

2. METHOD

2.1. Subjects

Over 150 subjects participated in the perception tests.  About 30
of the subjects were Taiwanese students studying at the
University of Reading with good English skills, 30 subjects
were taken from the general population of Kaoshiung (a
harbour city in the southwest of Taiwan) and the remaining
subjects were 13 and 14 years old school-children from
Kaoshiung and Pin-dong respectively.  These subjects did not
speak English regularly.

2.2. Stimuli

In the experiment we generated a set of stimuli by altering the
fundamental frequency of a base word into the five long tones
and intermediate tones between tone pairs.  There are N(N- 1)/2
= 5*4/2 = 10 possible long tone pairs.  However, we only
considered pairs that were similar in frequency contour, namely
the tone pairs  t1/t2, t1/t7, t2/t3, t2/t5, t3/t5, t3/t7 and t5/t7.  The
pairs t1/t3, t1/t5 and t2/t7 were not considered as they are
unlikely to be confused.  Further, this reduces the total number
of words in our perception test by 30%.  A t1 word was chosen



as the base word since it is level in frequency and introduces a
minimum of acoustical artifacts during re-synthesis.  The
fundamental frequency contours of the words were represented
using two line segments connected by the start mid and end
frequencies.

The re-synthesis was performed by  superimposing the five
tones on the base word using PSOLA (Pitch Synchronous
OverLap and Add) a re- synthesis/analysis extension to xwaves
[11].  Eight intermediate tones were generated for each tone
pair by linear interpolaption.  These eight intermediate tones
represent a "morph" between the two tones in the tone pair.
Figure 1 shows how these intermediate tones where obtained.
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. Figure 1: Interpolation between tone pairs.

The fundamental frequency contours used in the synthesis were
acquired from a set of acoustic measurements.

2.3. Procedure

The stimuli consisted of 70 words, which were shuffled into
random order twice to form two sets presented to the subjects
separated by an intermission.  Each word was prefixed by a
reference frame (in Taiwanese) saying: "the next word is ...".
The questionnaire issued to the subjects consisted of six boxes
for each word aligned on individually numbered lines.  Each
box was associated with a character representing the word for
each of the five long tones and one box was provided for
subjects to indicate "don't know".

3. RESULTS

The results consist of two sets of graphs.  The first set shows the
recognition rate for the tone pairs, rate of missing replies and
rate of incorrect replies.  Incorrect replies are those not
matching the tones in the tone pair.

The horizontal axis shows the interpolation step in percentage
between the two tones.  A percentage of 0 means that the words
are completely tone A, while 100% means the work is totally
tone B, and 50% indicate that the frequency contour of the word
lie halfway between the frequency contours of the words A and
B.   The  vertical axis shows the percentage of replies for the
particular condition.

The second group of plots shows the breakdown of the incorrect
replies, i.e. which tones were actually perceived by the subjects.
Plots are only given for the tone pairs that had a high degree of
incorrect replies.
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4. DISCUSSION

t1/t2.  As expected at the 0% interpolation point most subjects
recognise the words as t1.  As the words are interpolated
towards t2 the number of subject recognising the words as t1
decreases.  Overall, less than 10% of the subjects reply that they
cannot identify the tone.  This suggests that the subjects are
relatively confident in their judgement.  Surprisingly, most
subjects recognise t2 incorrectly as other tones.  At the 100%
interpolation point only 40% of the subjects recognise the
words as t2 while the majority of 58% subjects recognise the
words incorrectly as different tones.

t1/t7 Less than 10% of the subjects reply that they cannot
identify the tone or supply incorrect replies.  Moreover, at the
0% interpolation point most subjects recognise the words as t1.
Similarly, at the 100% point most subjects recognise the words
as t7.  The crossing of the recognition lines for t1 and t7 occur
at the 75% interpolation point.  This indicates that the words
must be drastically interpolated towards t7 before words are
consistently recognised as t7.  Thus, the recognition of t1 is
more dominant than t7.

t2/t3  Few subjects reply that they cannot identify the tone.
However, about 20% of the subjects supply incorrect replies for
the entire range of  interpolation points.  Further, at the 0%
interpolation point, the small majority of 48% subjects respond
that they hear t2.  The number of subjects that answer t2 quickly
decreases as the words are interpolated towards t3. Further, at
the 0% interpolation point a massive 30% reply that they hear
t3.  This percentage steadily increase with the interpolation
points.  The t2 and t3 curves cross at  the 10% interpolation
point, suggesting that t3 strongly dominate t2.

t2/t5 Less than 10% of the subjects reply that they cannot
identify the tone.  For most of the interpolation range (0-80%)
most subjects recognise the words incorrectly.  At the 100%
interpolation point most subjects successfully recognise the
words as t5.  However, the recognition of t5 only excels after
the 60% interpolation point.

t3/t5  Most subjects successfully recognise t3 words at the 0%
interpolation point.  At the 100% interpolation point most
subjects recognise the words as t5.  The crossing of the two
curves occurs at the 50% interpolation point, i.e. midway
between the tone-pair.  At the 0% interpolation point about 30%

of the subjects misidentify the tone.  This percentage decrease
as the interpolation percentage is increased.   This implies that
t3 is easily confused with other tones, but as we approach t5 the
ambiguity diminishes gradually.

t7/t3  Most subjects recognise t7 and t3 successfully.  The
crossing of the two curves occurs at the 50% interpolation
point.  About 2.5 % of the subjects reply that they do not know
and about 10% of the subjects  provide incorrect answers.

t7/t5  Both t5 and t7 are recognised with great accuracy at the
respective start and end positions on the interpolation scale.
However, the crossing of the two curves representing t7 and t5
occurs at the 20% point on the interpolation scale.  Thus, the
recognition of t7 decreases quickly while the recognition of t5
dominates the interpolation range.  Further, the curves indicate
that t7 words are misidentified at a rate of 22% at the 0%
interpolation point.

The other set of plots shows how the incorrect replies were
distributed.

t1/t2-other  This plot shows that  45% of the subjects recognise
the words as t7.  Further, as we interpolate towards t2 more
subjects recognise the words as t3.   Thus, t2 and t3 may be
easily confused.  Less than 5% of the subjects recognised words
as t5.

t2/t3-other  This plot shows that 14% of the subjects
recognised t2 and t3 as t7.

t2/t5-other  This plot shows that  80% of the subjects recognise
the words incorrectly as t7.  The remaining subjects misidentify
the tones as t3 (5-15% of the subject) and t1 (1-7% of the
subjects)

t3/t5-other  At the 0% interpolation point about 20% of the
subjects recognise the words as t7.

In general, the 50% region in the interpolation range did not
appear to confuse subjects as there are few peaks in the curves
depicting the "do not know" replies.  One could expect to see
small peaks in these curves at the boundary between tone-pairs.

5. SUMMARY

Subjects appear confident in their replies as less than 10% of
the subjects reports that they cannot identify the tones.  The
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experiments revealed that subjects had no difficulty in
distinguishing between t1, t3, t5 and t7.  However, the
identification of t2 was sensitive to noise.  By interpolating
between t1 and t2, intermediate tones were perceived as t7.
Similar patterns could be seen by interpolating between t2 and
t3 and t2 and t5.  Further, the experiments revealed that some
tones were recessive with respect to other tones, i.e. they were
more difficult to perceive.  Surprisingly, the experiments
showed that subjects were confident in their evaluations even
half way between the two pairs of a tone pair.
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