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Abstract
The linguistic diversity of East Africa is well-known, but under-
standings of the languages in some regions, such as the Nuba
Mountains of Sudan, remain limited. Based on phonological
evidence and acoustic phonetic data, this paper presents a pre-
liminary description of the vowel inventory of Kufo, a Kadu
language. Vowel contrasts based on both quality (including an
Advanced Tongue Root distinction) and length have been previ-
ously proposed for Kufo, and the evidence for these is examined
via measurements of first and second formant frequencies and
duration.
Index Terms: Kufo, vowels, ATR, F1, F2, duration

1. Introduction
Kufo (also known as Kufa or Kufa-Lima) is a variety of the
Kanga language [1] which is traditionally spoken in the Nuba
Mountains in South Kordofan, Sudan. The estimated number
of Kanga speakers is 8,000 [2]. Kanga is classified as part of
the Kadu language family. No higher-level genetic affiliations
have been established for this family, though some early studies
viewed it as part of the Niger-Congo phylum, and more recent
work suggests it has more in common with languages of the dis-
puted Nilo-Saharan phylum [3] [4] [5] [6]. The current study
is part of a wider documentation project taking place with one
Kufo speaker living in Australia, and presents results based on
phonological observations and an acoustic analysis investigat-
ing the Kufo vowel inventory.

1.1. Existing proposals for the Kufo vowel system

Current descriptive research on Kufo and related varieties is ex-
tremely limited, largely comprising some wordlist materials and
preliminary phonological observations. The vowel inventory
has not yet been investigated with comprehensive phonological
data, nor any supporting phonetic evidence. Existing phonolog-
ical observations include proposals that the Kufo vowel system
may include a contrast based on an ‘Advanced Tongue Root’
(ATR) distinction, and that at least some Kufo vowels contrast
in length. However, there are different views on the number of
monophthongs in Kufo, and the nature of the ATR contrast re-
mains unclear (and there is currently no clear indication of any
patterns of vowel harmony drawing on this feature, as is often
found in other languages). Schadeberg [4] examines nine Kadu
languages and proposes a basic seven vowel system (/i, Ì, E, a,
O, U, u/) with a length contrast for all vowels. In comparison, in
an overview of eight Kadu languages, Hall & Hall [5] suggest
that the Kufo vowel inventory consists of nine vowels including
four [+/-ATR] pairs (/i, I/, /e/, E/, /o, O/, and /u, U/), as well
as an open central vowel, /a/. Hall & Hall suggest that /a/ may
contrast with /@/ in some Kadu languages, but that this has not
been established for Kufo. Hall & Hall also suggest that vowel

length is contrastive in the Kadu languages. Based on an an-
notated wordlist of the Kufo language, Blench & Mongash [8]
suggest that Kufo has ten phonemic vowels which are five [+/-
ATR] pairs (/i, I/, /e, E/, /a, @/, /o, O/, and /u, U/). They note
that /a/ and /@/ are clearly phonemes (though represented with
the same grapheme). The length contrast is not discussed in
their work but is displayed in their transcription of the wordlist.
Lastly, recent work by Evans et al. [9] suggests that Kufo has an
eleven-vowel inventory which includes five [+/-ATR] pairs (/i,
I/, /e, E/, /æ, 5/, /o, O/, and /u, U/), as well as one long vowel
/a:/. More recent work leading up to the present study suggests
a vowel inventory with nine contrastive vowel qualities.

1.2. Nilo-Saharan vowel systems

While Kufo and the Kadu family have not yet been conclusively
linked to other languages of the disputed Nilo-Saharan phylum,
the proposed features of the vowel system are widely attested
among other languages described as Nilo-Saharan, and of East
Africa more generally.

1.2.1. Advanced Tongue Root

The Advanced Tongue Root feature, which is stated to be ex-
hibited in Kufo in various previous studies, is widely attested
among African languages. An ATR contrast is a binary distinc-
tion between vowels of similar height, backness, and rounding,
held to correlate with different pharyngeal and laryngeal artic-
ulatory settings [10]. Existing phonetic investigations of ATR
contrasts remain limited, and mainly focus on Niger-Congo
languages of West Africa, with few phonetic studies of East
African languages [11] [12]. The phonetic investigations sug-
gest that the most crosslinguistically reliable acoustic correlate
is that vowels classed as [+ATR] tend to have a lower first for-
mant frequency (F1) than their [-ATR] counterparts. Other ev-
idence, such as differences in second formant frequency (F2),
duration, and voice quality, are less consistent [10]. For lan-
guages with an ATR contrast, a 9-vowel system is most com-
mon, where the close and mid vowels contrast but only one open
vowel exists [13]. In the current project, auditory impressions
are that an ATR-type contrast may be present for close and mid
vowels, but there is as yet no auditory of phonological evidence
for /@/ as a contrastive [+ATR] counterpart to /a/, though pho-
netic [@] does occur in restricted morphophonological contexts,
namely the first syllable of conjugated verbs with three or more
syllables.

1.2.2. Vowel length

Vowel length contrasts are typologically uncommon among
African languages. While vowel length contrasts have been pro-
posed for some East African languages, the phonetic evidence
for these contrasts has not been examined for many languages

ISSN 2207-1296 © 2022 ASSTA 13–16 December 2022, Canberra, Australia

SST 2022

71

Table of Contents
for this manuscript



outside the Western Nilotic family [14] [15]. For Kufo, vowel
length has been briefly mentioned in previous studies, but there
are differing views on the status of length within the vowel sys-
tem. In the current project, auditory impressions are that length
contrasts may be present for all vowel qualities. Evidence for
the contrast between long and short vowels is most apparent in
the first syllable of disyllabic words; long vowels rarely appear
in other environments in the currently available data.

2. Research aims
This paper seeks to further develop the description of the Kufo
vowel system based on phonological evidence and analyses of
the acoustic and durational characteristics of vowels. The fol-
lowing questions will be addressed in this paper: How many
contrastive vowel qualities are there in Kufo? Is there acoustic
evidence for an ATR-type contrast, based on measures of first
and second formant frequency? Is there durational evidence that
Kufo vowels contrast in length?

3. Method
3.1. Participant

The data in this database is collected with one male diasporic
native Kufo speaker, Haroun Kafi, who was born in the 1960s
and currently resides in Australia. Besides Kufo, Haroun also
speaks Sudanese Arabic and English.

3.2. Materials and procedures

3.2.1. Materials

Based on the descriptive phonological data leading up to the
current study, auditory impressions are that there are nine
contrastive vowel qualities in Kufo, including a close front
vowel /i/, a near-close front vowel /I/, a close-mid front vowel
/e/, an open-mid front vowel /E/, an open central vowel /a/,
an open-mid back vowel /O/, a close-mid back vowel /o/,
a near-close back vowel /U/, and a close back vowel /u/.
Phonemic evidence suggests a length contrast for all nine vowel
qualities. The hypothesised Kufo vowel inventory is presented
below.

/i/ /I/ /e/ /E/ /a/ [@] /O/ /o/ /U/ /u/
/i:/ /I:/ /e:/ /E:/ /a:/ - /O:/ /o:/ /U:/ /u:/

Based on this hypothesised vowel inventory, a wordlist
was developed, consisting of 66 disyllabic words with a
CVCV structure. As is discussed, phonetic [@] occurs in
restricted morphophonological contexts only with no evidence
for contrast, and is thus not included in the database. The
wordlist was compiled based on notes from the 2021 Field
Methods course at the Australian National University [16],
follow-up elicitation sessions in early 2022 [17], and the
unpublished wordlist by Blench and Mongash [8]. The wordlist
was finalised in consultation with the speaker in early 2022,
with careful consideration to include all hypothesised vowel
qualities. A balance across vowel qualities was aimed for as
much as possible within the limitations of the small amount of
available lexical data for the language. The wordlist aimed to
include words exhibiting the same vowel quality for vowels
in both syllables. The CVCV words also included consonants
of a range of places and manners of articulation, and had
a range of tonal patterns. The items in the wordlist were
arranged in a pseudo-random order to ensure that words with

Figure 1: A vowel quality minimal pair: ÍE:nE and Íe:ne.

Figure 2: A vowel length minimal pair: SIga and SI:ga.

vowels of different qualities are evenly distributed throughout
the wordlist. Examples of target words include minimal
pairs exhibiting a proposed vowel quality contrast, e.g., ÍE:nE
‘Wake up!’ and Íe:ne ‘Clean!’, and minimal pairs exhibiting
a proposed vowel length contrast, e.g., SIga ‘farm’ and SI:ga
‘milk’. The minimal pairs are presented in Figures 1 and 2.

3.2.2. Data collection

Recording sessions were held in a quiet room at the speaker’s
home, and the recordings were collected with a Zoom H6
portable audio recorder and a Rode NT3 microphone, at the
archival sampling rate of 96kHz and 24-bit depth. The wordlist
was arranged into Microsoft PowerPoint slides where each
word was presented with its English translation and an accom-
panying picture. The Kufo orthography was not included in the
presentation in order to avoid any influence of orthographic rep-
resentations on the speaker’s production. In addition, the Kufo
orthography is not yet fully developed, especially regarding the
representation of the Advanced Tongue Root feature, which is
related to one of the aims of this study. All words in the wordlist
were elicited five times consecutively in the frame aPa nIk:i ...
áItEnI ‘I say . . . today’, in order to control for prosodic effects
and provide sufficient tokens for phonetic explorations.

3.3. Data processing and analysis

3.3.1. Data processing and annotation

The recorded data (.wav files) was down-sampled to a rate of
44.1kHz and 16 bit-depth for acoustic analysis, and then seg-
mented and annotated in Praat [18] as .TextGrid files. Data was
annotated at word and phoneme levels. The word tier contains
the English transltion of the Kufo word, including the number
of the nouns (SG for singular and PL for plural) and the mood
of the verbs (INF for infinitive and IMP for imperative). The
phonemic tier contains the segmental annotation of each word
using SAMPA [19].

Given that every word in this database has a CVCV struc-
ture, all vowels occur in either word-medial or word-final posi-
tion. Word-medial vowels were segmented based on the onset
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of periodicity after the preceding consonant, and the offset of
periodicity before the following consonant. Word-final vowels
were segmented based on the onset of periodicity after the pre-
ceding consonant, and either the offset of periodicity before the
following bilabial implosive in the frame sentence, or, in cases
where the target word is followed by a pause, based on the offset
of periodicity and continuous formant structure [20].

3.3.2. Database building

The .wav files and .TextGrid files were used to create a hierar-
chical database with the EMU Speech Database Management
System [21]. Measures of first and second formant frequen-
cies at vowel midpoints, and of vowel duration, were extracted
and analysed for vowels in the target words, using the emuR
package [22] in R [23] via RStudio [24]. In total, this phonetic
database consists of 333 occurrences of 66 target words. A to-
tal of 653 vowel tokens were analysed, including 328 vowels
in the first syllable and 325 vowels in the second syllable. The
number of tokens of each vowel is listed below in Table 1 ac-
cording to the vowel quality (vq) and the syllable in which it
occurs (s1 or s2 for first or second syllable). Short vowel tokens
(n=532) appear in both s1 and s2, whereas long vowel tokens
(n=121) appear in s1 only. There were thirteen 0 values for the
second formant frequency measurement due to tracking errors,
and these rows of data were removed from the dataset.

Table 1: Number of tokens in the dataset, by vowel quality.

vq short long total vq short long total
s1 s2 s1 s1 s2 s1

i 35 51 20 106 I 35 40 10 85
e 0 20 15 35 E 0 34 29 63
o 25 60 20 105 O 23 38 15 76
u 30 20 0 50 U 34 25 0 59

a 25 37 12 74

4. Results
4.1. First and second formant frequencies

The results for first and second formant frequency measure-
ments based on vowel midpoints are displayed in Table 2 and
Figure 3 according to vowel quality, with short and long vowels
combined.

Table 2: Mean and standard deviation for F1 and F2 (Hz)
based on vowel midpoints.

vq F1 sd F2 sd vq F1 sd F2 sd
i 314 24 2214 135 I 356 24 2164 150
e 399 27 1951 66 E 473 51 1804 85
o 420 40 946 88 O 480 52 920 126
u 340 19 1046 292 U 368 24 965 204

a 570 74 1452 230

For the close and near-close front vowel qualities, the mean
F1 for /i/ and /I/ are respectively 314 Hz and 356 Hz. For the
close-mid and mid front vowel qualities, the mean F1 for /e/
and /E/ are 399 Hz and 473 Hz. For the close and near-close
back vowel qualities, the mean F1 for /u/ and /U/ are respec-
tively 340 Hz and 368 Hz. For the close-mid and open-mid back
vowel qualities, the mean F1 for /o/ and /O/ are 420 Hz and 480

Figure 3: First and second formant frequencies.

Hz. The open central vowel /a/, which is not currently hypoth-
esised to have a [+ATR] counterpart, is distinct from the other
vowel qualities and has a mean F1 of 570 Hz. There are no ma-
jor F2 differences between pairs of similar vowels, though there
are indications that some [+ATR] vowels may tend towards a
more front quality than their [-ATR] counterparts, e.g., the mean
F2 of /e/ is 1951Hz, which is higher than the mean F2 of /E/,
1804Hz.

The acoustic results provide some supporting evidence for
an analysis of 9 contrastive vowel qualities in Kufo. While there
is some overlap in the distributions for the vowel categories,
the phonetic patterns accord with the current phonological hy-
pothesis, and are also similar to vowel spaces for other 9-vowel
systems with an ATR contrast.

The mean F1 values for close and mid vowels also provide
some supporting evidence for an ATR-type contrast, where the
closer vowel in each pair, which is potentially categorised as
the [+ATR] vowel, has a lower first formant frequency than its
more open counterpart, which is potentially categorised as the
[-ATR] vowel. The contrasts suggest that there are likely four
[+/-ATR] vowel quality pairs in Kufo: /i, I/, /e, E/, /u, U/, and
/o, O/.

4.2. Vowel duration

The results for vowel duration measurements are displayed in
Table 3 and Figure 4. Only the durations of vowels in the first
syllables of target words are shown here, given that, as noted,
this is the environment where there is the most evidence for the
length contrast.

Table 3: Mean and standard deviation for duration (ms) for
vowels in initial syllables.

v dur sd v dur sd v dur sd v dur sd
i 67 8 i: 134 14 I 69 15 I: 130 16
e - - e: 146 25 E - - E: 158 15
o 82 17 o: 145 13 O 81 17 O: 151 17
u 67 14 u: - - U 69 12 U: - -

a 79 10 a: 157 27

For the [+ATR] close front vowels, the mean duration of
the short vowel /i/ and the long vowel /i:/ are respectively 67
ms and 134 ms. For the [-ATR] close front vowels, the mean
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Figure 4: Vowel duration of vowels in the first syllable.

duration of the short vowel /I/ and the long vowel /I:/ are 69
ms and 130 ms. For the open vowels, the duration of the short
vowel /a/ and the long vowel /a:/ are 79 ms and 157 ms. For
the [-ATR] mid-back vowels, the duration of the short vowel
/O/ and the long vowel /O:/ are 81 ms and 151 ms. For the
[+ATR] mid-back vowels, the duration of the short vowel /o/
and the long vowel /o:/ are 82 ms and 145 ms. Across all vowel
qualities, short vowels are on average 73 ms and long vowels are
on average 146 ms, and therefore exactly twice as long.

The duration measures in the first syllable suggest that five
vowel qualities exhibit a length contrast, including /i, i:/, /I, I:/,
/a, a:/, /o, o:/, and /O, O:/, and phonological evidence across
syllables indicates that /e, e:/ and /E, E:/ also contrast in length.
Furthermore, as is shown in Figure 4, the duration of the Kufo
vowels displays a pattern where the closer vowels have a shorter
duration compared to the more open ones, and this pattern is
widely attested across languages.

It is likely that the close and near-close back vowels /u, U/
also exhibit a length contrast, yet there is no direct supporting
evidence in the current database. However, as can be observed
from the results, the duration of /u/ and /U/ are in a similar
range to the durations for short vowels where long counterparts
are established, so it is possible that these two vowel qualities
both exhibit a length contrast if there is more lexical data avail-
able for examination, and some examples may occur in data
other than disyllabic words.

5. Conclusion and discussion
The acoustic phonetic results of the present study provide sup-
porting evidence for nine contrastive vowel qualitites (/i, I, e,
E, a, O, o, U, u/) as well as a length contrast for five vowel
qualities where this can directly be tested in the first syllable
of disyllabic words (/i, i:/, /I, I:/, /a, a:/, /O, O:/, /o, o:/) and
two vowel qualities with phonological evidence across syllables
(/e, e:/, /E, E:/). Whether the vowel qualities /u, U/ also dis-
play a length contrast requires further phonetic evidence when
more lexical data is available. This study has not examined the
phonetic correlates of the seemingly non-contrastive mid cen-
tral vowel [@] due to its restricted contexts. Based on the results
of the present study, a Kufo vowel inventory is presented in Ta-
ble 4, with the mid central vowel marked in square brackets and
proposed phonemes requiring further phonetic evidence accom-

panied by asterisks.

Table 4: The Kufo vowel inventory.

front central back
short long short long short long

close /i/ /i:/ /u/ */u:/
near-close /I/ /I:/ /U/ */U:/
close-mid /e/ /e:/ /o/ /o:/

mid [@]
open-mid /E/ /E:/ /O/ /O:/

open /a/ /a:/

This study constitutes an acoustic phonetic investigation of
the vowel inventory of the Kufo language for which the linguis-
tic record was, until recently, extremely limited. The acoustic
phonetic results and proposed vowel inventory lay the ground-
work for future studies on the Kufo sound system. As more
lexical data for the language becomes available, it will be possi-
ble to develop a more comprehensive database for quantitatively
studying the Kufo vowel inventory, with sufficient data for sta-
tistical investigations to also be undertaken. Apart from having
a perfect balance for all vowel phonemes of contrastive qual-
ities and lengths, an ideal Kufo vowel database would consist
of disyllabic CVCV words where the adjacent consonants are
also controlled. One open question for Kufo is whether there is
any presence of vowel harmony, given that there are four [+/-
ATR] pairs that display an ATR-type contrast (/i, I/, /e, E/, /o,
O/, and /u, U/) based on their F1 measurements, and vowel har-
mony is widely attested across languages with an ATR contrast
[10]. While there is as yet no morphophonological evidence for
this, the acoustic measurement results in this study offer a ref-
erence point for more closely examining the [+ATR] or [-ATR]
status of vowels in other data, allowing for closer investigation
of any possible vowel harmony. The status of the mid central
vowel [@] in Kufo also requires closer investigation, since it is
describe as closely related to /a/ in previous studies, and it may
be a reduced realisation of /a/ in specific morphological envi-
ronments based on the data collected for the current study, espe-
cially considering how /a/ appears to have a wider range in F1
and F2 measurement compared to other vowel qualities. When
more data become available in the future, /a/ will be closely
examined regarding the relationship between its quality and du-
ration.

The present study aids preparation for future studies on
tonal patterns in the Kufo language. Though the Kadu lan-
guages are often hypothesised as tonal, their tone systems have
never been systematically studied. The findings on contrastive
vowel quality and length allow these characteristics to be con-
trolled for in analyses focusing on tone, in order for the prosodic
system of Kufo to be better understood.

The present findings also provide insights into the vowel
systems of the Kadu language family more generally, whose
phonemic inventories have not yet been comprehensively stud-
ied and phonetically examined. The languages of the Nuba
Mountains in Sudan are extremely diverse but very understud-
ied, and in some cases highly endangered, and there is much still
to be learned about the linguistic structures and relationships in
this region. More broadly, the present study contributes to the
phonological studies of African languages based on phonetic
data. While there are rich descriptions on interesting phonolog-
ical phenomena for African languages, phonetic data is rarely
brought to bear on discussions of African phonological systems.
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